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| ow crysgal an 'asa(.t 35 b6 W %2 Th® etolymere CddMbiysaBifitrafdigiRity hetelogsneous nchbil segraants
crystal li'ni &%r&rpa 2l RS po‘ilﬁgé'@ﬂlh indvidGeD REr@die2tlaryadterogerbtie ciidin, each@pitiexomgrisingl k
stqt e af t er g3dast geficehiCsi i® chdvanalhivirg dxyolazulekenpigbteof of least 3000 ednlajnrat legst bwt.%

| esS t han a@tﬂ}ﬂne Qind Ysiart in DOmpdsition florniosy ariothert Ineatdersiol yaight' percort sthylenes wherein the

i nt r anpl ec uinRFhdecliert BmpeRitibdispsesitylofi the palymsk Bcuthathdt\5 b i of threPRIYNSE Chaiglp Have 25
an MAD char amipesiicaad%hy las diferernttin etidene firoidier Jverege Weiaht perepatothylenn qoraosiien. &t

| ess than lwhhreithe copolystenis! dharedidrizgedsiasateensisone G ratie of Mwiin ok lsst ham  aqd,2 B0 of

w. % pref eMaMl, pf IbssdhnaBout 20 to 85 w.% of the total co oI mer ch %{
and contain amsm@rlbﬁgleabe'{ehw é‘?ﬂ?'y@efﬁt"@'rﬁ°"‘wﬁlabhasf “°a°t'y ég %I'B Lo m\% hy %o
"% and 4nh Begmentherejpafiey; callgdcs 1" oretpie !

pr ef erabl y nits| (easeinafteripsliad &2 "('Ntse%“e’é)nﬂ‘dr?ﬁt' St %
pr ef erabl y sejostegfirom e dreyp, W’FPUW:?B?%'Y'“%'E?}'? 1 yst Tinty

copol ynmer segnents conprise fromabout 90 to 10 vvt % preferabl y from about
80 to 15 wt M ady m)re preferably from about 65 to 35 wt.% of the total
copol ymer_ ct}a‘,\p xagl #}t ain an average ethyl ene content of from about 20
to 53 w. %, p F&r‘a’bl rom about 30 to 50 wt.% and nore preferably 35

f rom about ?Q,,zwt (“‘}p The copol yners conprise intranol ecul arly
-heterogeneous ch n segments wherein at |east two portions of an individual
i ntranmol ecul,fbbin MSHaT POGMRSAEBOVE R dhd MBaahbehe tdneror differpntiasd arg each M segments T’
wei ght p%cem TOéan b SheCdaimb Br Giffclent and dig) eath Todegroanksax isywmiingbger offfromt 1 fochand Y79 8D

contain at lifRastord 108.. %
in structure Il (x=1), the copolymer's M segment is positioned between two T segments, and the M

segment can be positioned substantially in the center of the polymer chain (that is, the T! and T2 segments
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et'hyl ene and differ in conposition fromone another by at |east 7 weight
percent et hyl ene, wherein the intgp@glegsddq conpositional dispersity of
the poI ymer is such that 95 wt. % of the polyner chains have a 40
conposition 15%or less different in ethylene fromthe average wei ght
percent edah b GOIstAMEIP @Bi dame moleatlal weight andnthé lsem obibe Imoieeylarj weighhefrthe Teend7Bd by
at | east apferiy ca beasubstariilyMgudiito die inolswmilar iweight of dhredMasegmerttlo alhpughethip is gt

| ess t hanestenBal to\the phesiive iohthis indeution, Preferebly; diectopahemes willj qontaig 9ply APNMBLIMHELBY one
cryst al | i chaibl Ehestorpnstructunes bamdlllrﬁxmpﬂqweéﬁfred -units (hereinafter called an " M‘
segments) an@referablyetss M eagmentondck segmants piihe P@Y’hiflaé%'é"a&d&f%? Fhﬁ ¢ 3519

segnent (Mh%lofﬂaﬁt"@ﬁeddw#@(?f Hhe cqpolygaty ?Pé'ﬂ an aﬁ?é'ate for e
i | ['ustratwith pagkieg "rygta";%t}' érci"é'ae'i‘? By r?g 'bEF el \%as(f of Viter
chai n st r e/ekodimest, %1 gment is lecgied goar g cemy fEP © 'ﬂl‘grc(?%'"a" ¥ ein M
and T ar einderheid err be t e sarre or dlfferent and are each M
segnent's, Tfsyﬁbaﬁ'ﬂfw[‘&f"?‘f o “Hl?raﬁizees%an%eor different and are each T
segnent s, ;( JT 253\n iI teger of froml1lto 3 and y is an integer of 1 to 3. In
struct ureM ?& , the copolymer's M segnment is positioned between two T

segnments, E}gmtl\)ﬂe B 4HAGY S2BveP R wreRdMELs N Rtelgar bt edbds/1)iafe dnbssiraiadser
of the, Vﬁi&%ﬁ nQJE'Jﬁi Fpo%gz It has bd‘eﬁ‘?ouﬁc?{hét] soféﬁﬁ%f@tlg&ge IV cdpblyferd 3 0ilBem Bhelc an
be subs El%; sz an%alﬂﬁ‘orﬁmé Rive lodcty/MBib Bdie RBositos afdivledulat Weightas siaictiarl
wei ght of ere r(vv.th xS2 8 ME M sbokierst Hhie poai DSt makfiolpeeiortace tisodus hetherinalaiidy bicer
wei ght  of c&rﬁb@TMbgﬁﬁ@ﬁEBﬂ‘eﬁcaﬂyadﬁbmmbinétlassecuatnsn not essential to the practice of
t hl\§ i nvent iTae M $35@éry étile)unddghadeapaljryarecomprise etiylene aridream also/comprise)dt loash aent
per_ chab N othdruedietih,0s.e,, costhining 8 i t8scatboa aidmé. TThé T segnentsznompiise @fhylonecgnd atleast one
Pr ef er abl ythertdigefiv) s@ialefing cantathing SledAwsaben doms: The Mapd Tyspgmentsrcan plse sampse
al ong t he othepolymanzeble manomersoe.g-fman-caniggteddienesrpr ayelic MEAHRFINST t he copo
chai ns can d#wo dhecressitafvention iheongidased to horronst rgierersiadhg epnied %@M‘”ﬁ?’aﬂf@ﬁ@e t he
| ow cryst ERM) aerolymdrs endjiherdeacribaddn dataildn ?‘ﬁF‘t“FPé‘r“g yi omer at| on. "E‘?

n IS n

a pref esr ed Gontlyorrgrahieh are focbordegs fcc?rgaqc?ﬂ. only a e?{?{
rearlqctlwtyvj will . be r
{h?t a&Jr o Y nél rﬁ@ as

copol ymer adybaiaryeastos ‘M’Pﬂ"f’%ﬂ‘gdrﬂﬂ S %ﬁ?“?%“"f rf"‘l"fi?er
def i ned aB&FW@t""Z szw ers 3 'ﬁolu%mr J%Eth idhodR
as\i/s vis q'tq{f n t|o gf &TQT,. g ﬁ#ggdaa&}ﬁﬁet e thbd)ﬁlstheqfomt

shown bel @theabegis 89

struct U?Pe y?ﬁg}, n??z: sg nd Qﬁbﬁg} i briaCcovbentisdion indMb lch&rS
have exaCta s or uﬁ& ﬁ'lg dapdier Ii’afns%'tﬁﬂ&for@-&p&&d’ i Gbrhgsositidn] An
copol ymer %eu f ethjl n'e-?)r ﬁ&daqy QheknBticBlly(étentdd IS wittly E nepiasbritiag
perfor man% ﬁ :BEI’ Znﬁ %IE/? bneonsBilérl in heER@ENt tO Sterically
tabilige a| nst assom ation. e segnents of the undegraded copol yners

corrprl se et hyl ene and can al so conprise at | east one 20 other a-ol efin,
€.§., containing 3 to 18 carbon atons. TRe T segnedts coupride ethyl ene and
at | east one ot Ief _______ {ip1$. GORL 3L pUEd P B gcar bon
atons. The M angg?mgggﬁen Ecgng:a sg: g:lorﬁf:prbln?e o?:hgr Ii‘Ipol yneri zabl e nononers,
e.g., nen-conjugated dienes or cyclic nono-olefins. Since the present

i nvent i on i SAT candieckeercibm thisillstrabies schresfie ehalngthe far fel'?é‘a'l?o?‘?ﬂ'@% (16 ereof ropresonts
et hyl ene- phab pyriemes tHeEshrip frmprbatythroteactar inlefjwhere e faeég?f'r ?“T'V r'??*’ 'He
cont ext oftheampp reaglive consityastAtiy FPE? §' “'ﬁﬁ?gg}?“%@p‘f%s %’e %ﬂ% ?;ar °"°f
with the prdessia: Howayes asispheogte t° 19 T &
produce® iheing depleied and tP"e'E?E‘i"BFF “fenp' gg:"gﬁ]ly tmt\ﬁ& ci &%ﬁ" lo -
i s known aﬂ“Wt@”Bé@W‘??ﬂFrf@"%‘fe rAR U T ' Yor: "et Ryl ehe, due to It fYII gh
reactivi tyeiiEobe gf f el §P}iaé Acxj %@hﬁﬁ%@@&i Hifndeiaiion bty

|

Tonomer s i g, Ff § 10 5 InAVED, aRd thEN QR R Btoicle
et hyl ene i |og 9 ki D bdKRIRA Btinsy SREICbeQTbibdad ad IRGr-GONI €t , | S
copol ynth THE RS dﬂ‘hﬁ‘sr ad Welﬁ&shmbr%nﬁe (AR SN tfeaéralNAR Bojdb@f eeai n
segnents gl Qpll; :?.»st % ﬁ\ﬁﬁ%%e Aol lof inRBchem fviraGeh. e IhtleCmpEnIbe chdracydnzegiibyt he
pol yneri z b Gﬂersr%am do%oéafaﬁmamea% copdlyinenirgilies cortainirigaimyhighest aodleeeshau=ality efn
I n the chaythyiene. Techniques for measuring the breadth of the Inter-CD are known s illustrated in "Polymerization
55 of ethylene and propylene to amorphous copolymers with catalysts of vanadium oxychloride and alkyl
aluminum halides™; E. Junghanns, A. Gumboldt and G. Bier; Makromol. Chem., V. 58 (12/12/62): 18-42,
wherein a p- xylene/dlmethylformamlde solvent/non-solvent was used to fractionate copolymer into fractions
of differing intermolecular composition. Other solvent/non-solvent systems can be used as hexane/2
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segnent's forned near the reactor outlet. These copol ynmer chains are
therefore tapered in conposition. Apghsgsergyti ve copol ymer chain of

ét hyl éne- propyl ene is schematically presented below with E representing
et hyl ene constituents and P representing propylene constituents in the
chain: 35 propanol, as will be discused in more detail bel@v. 4 40 .As can be seen
fromthis il e tnedCDwe petsiredradegradst zopelymehie sfichrthdt 85 wt. i efcthes eqgphumer ‘-‘gi')s have
t her eof r epn ethyerieTompraitiopthaticifiers fof thenaverapratveight pereratiotipiene geMRoITign: by 15| % or
wher e t he lesncihe orefarpd intar-6Diis ahpub By of lepsatvith fhe rmasherpferred kejng ah?ﬂ‘é“’fvééégg {5&
const i t uentorenarisonalveghanisiet alsfeyddhat t“@bfﬁ*ﬁ'}"‘i‘@ f‘EﬂRP'V'@‘E’W?‘F %’h'étehﬁ'? 0 e R

one propyl #hé&.npl ecul e. However, as subse nt se%ge
left to ri htB'%thht“?l'{%'a‘ﬁBr'%s'P%HEHt\Wés'éY’% 4%‘?' W § po%i n%
i";

reaction mCRﬂ"UP%’h P@WW“&PWE‘P@% ?l’%m éf?ga :Eh
such

subse- quer'?V ab'ﬁ%ﬁt 9 %lg t%mgn«% o Slon e
resul tinf ﬁralp t(“’, r c (? wl?lfercgﬁtgﬁﬁlgﬁey lefa' ncbI6F at
copol ymer (:n erce et Qf rt g8t kd‘ &%ﬂ“} ﬁ{}ler%%ﬂ&i £dnQB6idd to be in
dlsper3|ty zégﬂltf on Wlthln aln) shall be referred to as
ntra- CD, i[. fb(ﬁef‘e?r#ﬂh&ﬁh'&-@b isod8 f&@ﬂ@@ﬁaﬁheqmalcuiissammeuys
( composi ki béﬁaﬁeloﬁ théhnth E&W Brhain 18t bidkeh ifté) Rigmele aloyf iRrcom6lr tafd 186 InteRCB lof 8.
Conposi t | OfabriidhtsV BRI dbteRfhiE THo IGHERS iMtheVRb Irestifs R|daa do ritre-Ceasgdah tefsebin the
chain. An qmtgag\;eéggm&&shmynt hesis process is to mnimze the anmount of
i nter-chai N vegnkiadri dORsterdgeeolis beiripteCidlyran cintainl 80 andnameér amis. itycondints ofi ¥ ieleculee e
| m\_gorrpom tdeSighate@ V8@ the copol yner fractions containing the highest and
| owest adgant AtBEEEPEBEPEFERPEEPPEPERERAPEBRS f or neasuring the breadth of the
Inter-CD ar eBIaEﬁEEPmPEEBPBEEEP&PEEPHEﬁP;FIfoI yneri zation 55 of ethylene and
propyl ene t o CHRPERERREEPERIFEEERAEFBPRAEPPP cat al yst s of vanadi um oxyehl ori de
and al kyl al uMplecwe Ais| B 8ed. %emylewﬁgq%% an Znsciqmmv&pegﬁaa ragpy Y'°“° content

SOUS

Makr onol . Q@brethe mixtyre is @4. @9}27‘0_[ migg_a}npleltge_ lgpzr at e hughest ethylene po ymier contains
p- xyl ene¢5d|§m?7é%&ﬁ'!ﬂ;a ef?qvgm g:ggf %g:fvgtg/ Wﬂwﬁ T’ggg rpol paly "fF ,g&'ga'“s Y %7'332
copol yner iefvene fae e | | 03

sol vent / norﬁ“y@m/é'?ﬂ“t ?&@‘P'@ﬂ% of 4%, 4% g{: t ane? m%& 583?3 o the

propanol vey i 19020 SCL{Y

e ¢ialys @ rhgmbnts Q b Yt bl c&fsl or
Hy 9'@;55} lﬁpgﬁg* oyt 4 st o

EPE/EEPE ers fromthe average wei ght
percent ethyl Jsoéb 36033 W 3% oD% offi§fine & SutRAeAl 1 ioRELIdsE aid- CBlei S

S of 77RO
about 13% o T Risdtiond P LifRiidr BSingRSHion Grefpsdbd 4LA¥W Iter-GTEIS Sbtaihed. 5
conpari son, &rﬂ"t\?{%?brgkewafj]‘ huﬁ@ﬁg '@mértmdfr.s lﬁttalrmdieanarw raerbghecaoipal mixtee ohad

an. Integs %Mersg&%tn% frbm %Bveila'ﬁ <lross Yhe @RSt bb [3epataridrinte GBctioss whicthstolarto
at | east t WornaP htbradbnityO fipon subsaglieHt flidination.! ThaseDiratank arel subsequenty fastweadiuand frac-
chai n, eachgdagsd io@évedl WHIBK &ré hétgfogéhedugast 5 wei ght per cent of t he chain,

di f er in conuRsirignents frtOwhicniae anyiriahgalyrey isarokbrestotld Pe Jeedegineughde avejdiend effects
et hyl ene. Usidas giveh reasontseorportiintyafpettiy naningl stafisti élﬁl';ut'@ﬁ oﬂsmmea Gﬂ°‘é€%°‘1°é? giveed
to 10 hewei monomebepestsianpange it thd palsrorizalien. Htepyels %\lﬂ'%‘bﬁt“ °V'B ""9"'9':
‘copol ymer cHaiexampBha an average @mvmqm%ulsrwwh‘t%a'?wh‘t ?"‘% o) s
copol ymer  céraiapprefiriate.cf deigjlechmathemstiqal anglygiiqf c@ ?55 2 0o
of at | east ofxbangeiofytemppsitiop alang the, polyfpar chainy °"¥9'f‘”’é\' b °V91 & 'hgi]"fl i g:%ine
et hyl ene ar Beanfthecend o decRolvarization, Thq ﬂ‘°5??f:8?gﬂ}fﬂt8ém\/\ﬁ'% 9 he presen

i nventi orf® ‘m@"b%@ P$-nent al nF)rogedu e %‘ﬁ o% &Hh&lﬁapgls %b&”qﬁs{éﬁmﬁé

follows. First™Me® CoioRED salafoN
pol ymer chaf vep@gb m\ig'%?l ?—5‘:; or:% “% Sj i agrmog:ynm ég? A% bdein IH) IrRfak
of the f rag¢e ‘gl eveo men arditdrizo) GE 1! ﬂQweTri‘eWarBQﬁdélﬁoﬁteU&eﬁiﬁbyt 0

Intra-CD as exanpl e bel ow. Consi der a

heter ogerf%ous FOP AL cFysBhe/ %Blyrﬁ&‘QBfaétsIE“}\eﬂg artDpripyIRAdT Biolediilar twight govarosissaubitity aore3
mol ecul es dggj, %b@tc&&)d%morﬁn aGolvertnon-s5iEaESiit & High s bRir visightipeiinet$ iess soluble in a
given solvent mix. Also, there is a systematic correlation of molecular weight with ethylene content for the

polymers described herein. Since ethylene polymerizes much more rapidly than propylene, high ethylene

55 polymer also tends to be high in . molecular weight. Additionally, chains rich in ethylene tend to be less

soluble in hydrocarbon/polar non-solvent mixtures than propylene-rich chains. Furthermore, for crystalline

segments, solubility is significantly reduced. Thus, the high molecular weight, high ethylene chains are

easily separated on the basis of thermodynamics.



B 'EEEEEPEEEPEEEPPEEEPPPEPPPEEPPP C EEPEEEPEEEPEEEPEEEPPEEPPPEEPPP Mol ecul e
Alis 36.8 wt. %ethylene, Bis 46gpHhsoaRBe@1i s 5S0% ethyl ene. The average

et hyl éne content for the mixture is 44.3% For this sanple the Inter-CDis
such that the highest ethylene polynmer contains 25 5. 7% nore et hyl ene than
the aver ageAwattoratiorigtodeous Btas adlibws Uniegroaed@alymeyds gisselvedio nrheranssat 23 S/l famys

et hyl ene dahare isbietionieg.aglyme300 ci hexateh dsoprapyl digohollie Biraladii ity the plgton (LR tlfﬁ'@!@")’rrer
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B and C af4h "ﬁ’l pﬂY ‘?{éﬁd 'H } ons B A2t 25E of s

conpos't i BfF ta? rﬁ |s b ez Thto su e%e%& for Qouﬁﬂaﬁﬁ@rsrﬂyne
the fractjof? on l y tol E &y Iﬁg];ﬁra(?iﬂl%ﬁﬁl%?gedl Hed, a

m xture o e po 35046 GRS thiaCor MBrigektiLfo BakSte b

separ at ed ﬂﬁ.l',cg' gpeyvcdaen { s e Y 2 Pl rsionfi
fractigp E& eqtibte é&e ar ﬂﬁt h&i&bﬁlalaﬁﬁgtﬁ POFRGIUB Habireritd SHCEalB006! nidieBuldr rvdigght. Such
tionated b 486 dbes'Hat substamislly Bfingd BE BVeRRQS Sthyl eorftmgnmmwmenmomu pedpylbiee
original RRAYBBE IdsSonHcRES %ﬁkﬂn&a 16 @ thy181ie] Ehis Pl ist@actpasdchyctsisagiefpecedsireand
to:give asd ﬁamaﬁﬂ@mw uecdrsor Tty lohd1 Contat I Beas et i atvield @b miblestlarivisighi an  of

e\ljent S bélctea@itoner a gl ven 40 nonomer conversion range in the

el zat iTh8 probstin@ny eflamicioiize riraibolevnlagitterdeusity tsHaborinus gndeaverawhen pesiereadiabent .

For exanyp kissolultoptimung \dessarge show | hpwithe segrhantsLdf she ohein gria tcormpeteds iy fect ftdssnot pesiiBieent s
of ca 500@itolnent tbatnolgyi tghetopmins the pelyparistiucture yithgul raGourSe) 10 SWHAREIP 6%{10""0"3
anal ysi s With phawipded of theynthesis cond Peﬂ the eirustre; camba gefined 26 followsy ¢ the

“change of cduyiseé.tprapyleng] op high enlef vyﬁeaaﬂ%'ﬂmtwmé'avﬂ"d'tﬁ’a' 3t '\fs‘s °’§ g&
at hi gles eteyéraine! @W‘Mﬂ@!'éﬁ“@hm?ﬁéhib an?eprgmatm aqeﬁ pﬁe | actrat
shortest Ensyglapadiaof Relymes Sclance apd, Fnginegring, g .tfﬁg ﬂ}fsreatweteen vity

sect i ons. ©ffthigtmganonomassis sesiiied 'Eyetl‘i’ﬁma‘aﬁ'g raligp deflopd9s ‘5? i on of conposi ti onal

di spersity for non-polar polyners is solvent/non-solvent fractionation
whiieh is based on the therrm na s.Lechnique is
descri b8d in *PolyM ' s t967, p.
341 and in H Inagakar,eTcoﬁahahtl fbf)epebp}ohenesaddlﬁql?qeethylene)
Characterization", 3, 1, (1982). These are incorporated herein by 50
reference. For non cr stal i ne copolyrrers of eth Iene and pDr op Iene,
rmleculg}lr wei Bpt =gé¥2ERS CORSSANE DLEP X+ NG NAE8439 R, :
sol vent/non-sol Vem(rSQbUEbQBtaHtQbo@é@ﬁjﬂiéﬁe“&dﬂﬂhqpﬁbYﬁ?épYSehé’ﬁS sol ubl e
[ nk\a/gl ven solvent mx. Also, there is a systematic correl ation of

nol écul ar weight with ethyl ene content for the polyners described herein.

Si nce et hydivAandse o TEhétanmts anal giermemperatarpi té vatie lbithe molap gieuntof efivisne. &b iy hene
‘55 pol ygermadr sinoiiret ol ropylenbcP, heintpting the charpirere @l salutianedogiaining itvienei a9A prapyjlene at
chai ns ri alwlar coreerwgiiops EE] ersk{B] respetiwely 8ss sol ubl e i n hydrocar bon/ pol ar

non-sol vent m xtures than propyl ene-rich chains. Furthernore, for
crystalline segnents, solubility is significantly reduced. Thus, the high
nol ecul ar wei ght higls dElyl ene ¢Raf{B3 #r €P33sily separated éd)the basis of
t her nod¥fhani cs. 422 85 § nation procedure is as

fol |l ows: Unfragrrent ed p(ﬁ,)) [ ?(5 isol védﬂ:;?n hexane at 23 [err] Cto
formca a 1% sol ution (1 g. poI 'ymer/ 100 cc hexane). |sopropyl alcohol is
titrated int 0 t r ch tinme the
precipitate ﬁ- \KLE tagpté’g'&dréegh{#ﬁghgt%g;rﬁra@gﬂfﬁs ?‘gﬂ% is removed and the
pr eci pi Pate is dr| ed by pressing between Mylar polyethylene terphthal ate)
filmat 150 [err] C. Ethylene content is 5 detergined by ASTM et hod
D-3900. Titration is resUfdanbnd etB¥LEDENT ‘H“&E'El-eﬁ's 18 Ot ecovered and
anal yzed until 100% of the polymer is collectBd+ IhB Pitrations are ideally
control lkgd to produce fractions of '

The values of Ry and Rz are dependent on the particular comonomer and catalyst employed to prepare
the polymer, the polymerization temperature and, to some extent, the solvent.
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5-'10% By wei ght of the original polyner, especially at the extrenes of
conposi tion. To denpbnstrate the br ¢pdj fpxdsetgie di S%II’I bution, the data are
plottéd as % et hyl ene versus the cunul ative wei ght of polyner as defined by
the sum-of half the weight % of the fraction of that conposition 10 plus
the total weirghtll fénsifiont hetal aielysto spkifiodciusiding & deisignifigantly targsr tham Be-Hidips, 98 can b
of the ori géenatompalafione(1), isthyloreokiibbe cansumef manatapidly thap propylenatiorca giyep fragion efithe
doi ng t hi s miosonidy int theereaating chedjura.dtus. the ret@@biﬁllﬂl.g'"tdecr%ﬁeafr the MeNaMes® 59 %‘é‘ﬂ'l‘ﬂde'
In a seal e@nigdf aRawil therpompasition ip §erpolymer EP' mfewmeépagmmeﬂwek Iayer of '
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‘tulular reactor. To prepare copolymer structures 11 and Il above (and,

optional ly, hQorGiE R 2BoveOREh RITWHichSdan be tiher samb ofl Biffererttiqaidrabhacediesdntsriat: 9dhyent
‘and r eact aligngtic{ Glicgolic ofbrogtSHydrocutbon fradidalesuel by bibyl dE1), ahavlvle fsprioryh dutyl eraRY). M | |
be addegd eidyl)ebutydl 1, heel, byigbil, oftylandptinl ela: R pratorably represgnis pPhgkviene dvglent se
‘of pol ynerradicat bfon t 16 cartoas (sty. . eBb4-01C2Hior ete-h Nopljmiting dliysisgtive, pemgles of fq"P‘%j M
‘reactors icompandscme vanadyl whalidesoslfomyihalidgsrand alkaxigles;puch aH¥OHn Qpﬁ@ggr‘”he’e us
descr i bed)butyb afdoVQOEAie): e egetperiarod wasadiymeqmpounds ga V&l V@Gia,and Y %Qgér N 50
add essent i ah¢ plreatly nejed, ttheo coreptalyst, 1§ Preferally, gropnpralyminym gampoyngy i 1mSQF GRRIIC
onset ofs Hermules. thegecaompounderouldibg @° folioWseet t he requirenment that essentially
all polynmer chains 20 are initiaf i y. Accordingly, the
preferred polynerization is carr{&fsput: |(APRIRn af | east one m x-free
reactor, (b) using a catal yst sy§tAiCt hal ReMlodBoes essentially one active
catal yst species, (c) using at | ¢a#RR@ne|rAfRttion| nmi xture which is
essenti @ |y transfer agent-free, |#hBs®8. | andd) in|such a manner and under
conditions sufficient to initiat¢Af¥wagation of kssentially all polyner
chai ns sinultaneously. Since the tubular reactor is the preferred reactor
system f ory,ear g Yhd 8, etbsemHydirbdiidor Adicalsi Ihd ma o Gifigterme dedctisedtaheve witte saspact to
i VNt i QN, b WEhadith 'cOMbIABd tormhulks tThé ostepral@a rorgatd-aumginua eompoundris e aluinigum alkyl
system bugese{uaﬁtioﬂ@m&ryasmzwdwmmamtaon. systens as will readily occur to

the artisan inR0pt tBrortienoe: fai datalybt dybtem ppmprised of NGlcandAlpRsCls, preferably where R is
ethyl, has been shown to be particularly offective. For best catalyst performance, the molar amounts of
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30 ‘I'n practicing these polynerization processes, use is preferably nade
of at least one tubular reactor. Tigpsg4s2gsgte si mpl est form such a process
woul d nmake use of but a single, reactor. However, as would readily occur to
the artisan having the benefit of the present disclosure, a series of
react ors ceatdight bempoaents addbdn tarthb trégotiop miktve rsbeuld previdet  molar 5atl¢ ot alumipynevapadiym
COMposi t i oAVdsof delpast hiiwet2. Thé preforraftrainigomyAbY istabeut 40The neeimun :AKY {sdhasedaimarly,on
produce a- theabasivewmtiqns lof/catalyst expensexand thef desirecio ainfreize theyamayst of 6'#951 epsler that 6‘6‘0@
properti es caueth by dheceraqnogiumingn sompgusg dasspplpinaghiy delalb belew)e Stagg, foowp |‘1°
shoul d be grgete-ausinum %W?%d%@sW?‘&F’F?’ebw@“t&d‘ttﬁ’%""eéﬁpé? t'“
reaction mMeMsre thel\R?P‘éV'%ﬁb@@Vf’F%aq’qV %‘:{% uﬁ/

lmu IS abo!

gsed; o) the .
cat al yst SBEQS'F%"%?YQEW 1'§G‘B’§tp ELT? m g Qg'g ul'ﬁe prgsg g@gﬁo&at jon

reaction. Acgcﬂ"'f'i ’Sfﬁ§f‘°° §f“a§ ‘i? 8;' AR w't S

(wei ght) o a“"“

10% or 1%8s §y“°15"fm Wecrzﬁs(ﬁﬁ t° 'c:: E'JE‘Y é‘laaqgt}a)ﬁedmﬁlpgp R

shoul d pro lﬂ:g g i usq;a@ m&rongp e eaaab! y
or at |eagt> lj E mt ,@ Lt to |ch a catal yst species

ct:)olnt ri 3‘“ es adé’ﬁl& ligrthd fdgirtitak)Sod! (A FHoliAticH e QXA Gre Uil N@ovinnénd are
engw“ € CrlluQF‘aﬁidtﬁ‘;P év shpid) by RiARERR P HibtRY Riic forttd préductidh @PERM Agd ERDM.8xch

number o aaﬁédtsv§e my%@&ﬁb 8éntrol cUlOgeighDst EPNIcEnG EPBM pdtutgd habatihyoss

according tﬂ@wtéﬂﬁed%ﬁ&% v RS lebsdRtialakingleyy ttive BpetiesSZiagier oalalysti systbine usdd In| thef

the art, asofmbitein @rbcsiy, satiticdl biainaransidr agdndo 4 EFSTH redueesRhepjyimenemolecular weight
| ymer s.pulRgsee totvaffedt thitiinbiecular 4biglit\distribation.oOn the @thei bpnél.f hain rensfer reactions during
Cozew t hapangbular resisr polymarizetion Whaxcadankcewith s present in@ation byoaden, polyrfiet Molpaylar weight
i ncor por at efistibetioniand Injer1CBf Emusriepresence of dliain drarstor @oanlp in e raeption mixturenghould be
copol yner s misiohized pr emlwmltpmr@u§|ﬂ|idualvvd'§"9¢"rtPQG"qf@Eﬁbi°bP“ RasEblP dsaﬁté’{)% tfaenamm of
char act er i zbain ignsfeeageit usepshayidiberlimitad todhipse Arpeunts dat pipvide a?°31°'
species is Vp#letb%ﬁ!ﬂ"e@klm'ﬁ @dﬂﬁ%a’ﬂWBr?“B@’f‘Pﬁ@?’]abﬂﬁe "aPPg
chr olrrat ogr eﬁmwtﬁé t@g jn trqnsf?rszgsﬂcpme'tt Hb,g%i[?
cat al ysts tiasi i®t9 yefec *198 Pfo¥! ane
aver age andhq gesit g\,@ g :SW j ; ne?r:idﬁ &Sf ct‘:falﬁ
appr oaches Ensigriagpnt, é’ f°é?“° sqs ri’ % °°a "dk "Em; & E,'E:yﬂ
|n

déenedthe‘f?ﬂaésj?f’él %?333 !
im: compound Yle 6 sp s W8 ofgZh It)ﬁﬁﬁums&ﬂﬁ)blﬁﬁ
?nh aahiooo/fq;b the %ﬁhﬁﬁ |e£b V"wa ﬁkpﬁ BB Rapid dafbiy8Nackivify Sdhorfid b Icheselr
{han 10. 0 bl \ﬁn& Me@ﬂttcﬁaopwyﬁu& dréfuét] th rAP@ sieiid
i é GHest ﬂl&ul@ﬁﬁdﬁﬁ@aﬁ@m hx886BtaBIB ERalysh adtivigD Ehdrbirarsibr with
speci es. ﬁ ca%y li t@d aVoRifG ekddsshalyleievite Bbergird Ai@Egalse polymerization as

accordange ggs‘gr od Bdfowdr €sent i nvention may be Ziegler catalysts, which may
typically inchiddguar lﬂeught diEtbulort 3 BRE.CBlard aibo Broadengb by datalfst Aledctivtioni during) the
meta), i.e.goume BRitR pdNmerikaliold Whith Bads fol telinalionBof drBying/tiBins.\A& lisBwelh khowp [thap fthe
t he Peri odi anddli-Based Edglérbataysts Cusgd o aaebrtince oviE dhen pregst igventiona pre gublent de; guch
|-A, |l-A bdactBation dedctidns Avhizh deband Rerancmtioot drehites compositianegf dive eatalysh (Alihqugh the
syst em caapreiasanship yetwepn sactive rvatsipst ifstine ercheathlysingy @nmmwh's\maﬁ kapwn # pregent, for
vanadi um vahrangiesni catayst, cdeBctivation gen &P gamusedh by e rfﬁs'de\'/!ﬁ fime (pgd lowest
provi so t hatempgraturgdr the pa¢toryhaivifl groguce gﬁth%\‘P? V'°"(‘ﬂ'f§” 2l
descri bed abo\Pelymagzations; shouldrke eandycied ity SHChyR AP 0 'F'e'Betg s
pai r sel ect Bigragatiop °&P~°§8‘“E‘l¥rﬂ'éPW'yg‘e({)ﬁga@ﬁé'@”@?Sﬂ"&éﬁﬁﬁgl%é 'g err e tne
vanadi um‘éoﬁ'ﬁ?ﬁiﬁﬂgpslaﬁ P?E'ﬂ'@!ms cribed
1 The % al gre t at |s r d to form active catalyst outs:de of the
(1) [err ] 15 ?5’ ,
VO( AcAc) 2,  Bgcton to engy p| h E‘ |n|t| n e | ks, thb B Spent by the
al kyl - subst zﬂ){sécam(p ne ( ? r\‘ %‘ﬁ nQR:Y: ofHer'd Bhi¥seRsat ouldRe of
he reactor,' shotld ;L%&L W|th e n%{ l'a&ed K di ééﬁ&l@tﬁ MdliodToH @rhe/ )tits
s0 components will not have reacted with each other sufficiently to yield an adequate quantity of active catalyst
species, with the result of nonsimultaneous chain initiation. Also, it is known that the activity of the catalyst
specises will decrease with time so that the aging must be kept below a maximum limit. It is believed that
the minimum aging period, depending on such factors as concentration of catalyst components, tempera-
ture and mixing equipment, could be as low as about 0.1 second. The preferred minimum aging period is
55 about 0.5 second, while the most preferred minimum aging period is about 1 second. While the maximum
aging period could be higher, for the preferred vanadium/ organc-aluminum catalyst system the preferred
maximum is about 200 seconds. A more preferred maxmum is about 100 seconds. The most preferred
maximum aging period is about 50 seconds. The premixing could be performed at low temperature such as
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[err] 25 where x = 1 or 2; V(dicarbonyl noiety)2C; and [err] where n =
%- 3, B = Lewi s base capable of magpigQobyss Eqar bon-sol ubl e conpl exes with
VCi[efr] such as 30 tetrahydrofuran, 2-methyl-tetrahydrofuran and dimethyl
pyridi ne, and the dicarbonyl noiety is derived froma dicarbonyl conpound
of the faionlonbeldw. BisPreféireR tbth profRingtié peroihjed atizsy ©,or bk wid Z0Gioc belayehwing e
the sane mést prefelrer ent) preferably represents a [err] aliphatic, alicyclic
or aromat i CPfsebly as Exteyst @thparahts sraprembed @t prespike)of the salasied polyrerizatiop gijuent
butyl, prepsivent tnderi@pith mixing coriditibnst g:4., atimpingepent Reynolds Nurahiers| (YRENG) Bt '%@?%P’Po-
napht hyl , merb @refeiRiblypat dsastr 51908 and: meg eafarablya legstipp Inppingemenh Reynglds pugtbepfs 1
to 6 carbdefised@e. g. , [err] etc.). Nonlimting illustrative exanples of
formula (1) conmpounds are vanadyl trihalides, al koxy halides and al koxi des
such as [err]) where Bu = butyl, anpd Jerg PThe nost preferred vanadi um
conmpounds are J[err] As already nof‘m, "t -catalyst is preferably
or ganoZ%l .um num conpound. In terns of cheHical 45 fornulas, these conpounds
?gg! galbg afthl lows: [er H , [er] where R and R represent hydrocarbon
al s, e s r different, . | e W i
vanach um YA NI B ebqy ey 5 BB ke Peffod GHEe M8 bRIFGR IR O°
22 ¢ :: ;g‘? n 1?16\&3‘1 g&ﬁgqpthg Q%Biﬂﬂtuﬁ%ghlcﬂﬁso[b%rkaﬂt witiin LeRbilTm THRRSHEFRERtehe 2
cata’ yst ¢ JﬁEg& & Chidh erlofidhf {0 PbfdeC EGAkicte, WERT endiR infliatioh it Ithe bias dba@n
k MEaabrP}é bk, Wn& lohGRE b R thd b MixufAdpdidy St highetsiheraime mest bb lshort
ok al  anoyy X‘f B miniize the Shout of dmieSaBle Braindiahskr\uAd cabifsipBeindtion mattied. t 0 t he
rQagti on M Xbmpdiatird @btudl ¢ ird\resbBondmiidleds contpli¢ated GbmanhemtiyrtheTfaotctivs die Loty za-N)
of Tat |pafdn ABGA generalddClags RfudHtitie3 Cof Mioat Thisn phdbldmi s, pioforably AtakeRhesrarof byrusingAl / N
i s based prettiidifded tOMhe foactarao sbabér the iheat f Pblymerization. SWithethis derhiauen thet RO éSsi 1 e
to mni ni geridtcadabaicaty aef thalemparattre Eratidved to ihagaserdyingthe ceups ofpqhymerizaion. As an
or gano- al eirsmative) 1o claguiopmchil heat e beiirereayed from cthexrgaction | reiiyre. far MEAEPIen BY jashagh oy
‘certain 5exchangamsurainding ztUesstaopepion atibe teegtorps by: wellrkrowr ayletafrigpratign dechaiques n the,
much i o5 presohbatchmeaciors or multinie SirotfeRqiess B seie& [err] of the. copol r ri se
above 2. Badbeiabptictmasins opasatien ifcisad.tishiglet fepger Ri°L{Tﬁ1' V"’E‘% il gﬁgabgw"t‘;‘ 25
however, =HonEte H9ACdtis helisyad thetthe gutieptempersture af the,reaction ! g%u ‘F’eif 'g;:e?g% te
maxi mum i 20GiSofke Areforragymaximugy qutist torape i§ %%CE Jaost pralprr ioam 15 2ot rer
| faioCor A2 1 ihe AbspRe ohfoacior i sU a5 By, a cpcing Jackst, B foous the no ot lsyichizabion
combi na®i drhes brensete ?qig or  ghidsrenge: E%pecéd tent E oP}Q\E ir and' 3 Wlvent Wi dapclly
catal yst fU“:%’ §.€é@ﬁp . gsle%rgeﬁ;xre ?}f;p\ !:Priag ; ﬁgﬁ%ﬂﬁﬁ?ﬂ & E&Q%RI.BEO%F& inﬁﬁotob_ﬁt by
pol ymeri z&sgﬁen ) fp?erﬁv&gi'/tnpee'rrcs cont'al ni ng th| gla"l ev%“us gf b||fjti ene. T?)r %Fg\?grgtd
this trom] ) ﬁ?g‘fg:?eﬁi%ﬁh Qo%ﬁdim&}e,aﬁw@m%ﬁwnﬁwhé 2RI 61 R ait BIctepie 16 N,
I Y520 Bting Utbihg k briaP3E MiakingS bdpolymérdin dasordarsbeithl e tpReBent invention. For
pol ymer " gl il SHah& B alRbEtd réaR(FAHd GH BSteYBMnberdtite a5t O afehuasifed 3t ialréaetibnimbdiréie
ar ‘K[/ Chai RohEiRRlSE% copdRMBL The @éctién fixtdre M iftreasslin Admpsmtire(1sy| apou 13 ZCofbi @oh wdight
a- ol'ef i NS @fcnt\WoolymeNSH B WIRNE 3R Cvt.bS= i €I Tb Iminath, an ytieh@mperiture B3R Ceit wit jhus
hydr ogen Qquilé @tiéud! that inbdeR fpreiciived o A5HOsE5* ON= 630 * EPW tanidstiEPeRitat Stasal eaglingt is
are Very GREITRNAbkor IRl héad of pelymesizatibih ahetebe inlsit demparsiugsh coulstf beEhighen with EHECer
produced itgmgenire comettaintsidesibestt doovecthermisg being applicable- t he essential Iy singl e
active speci Beadecd|teat mamowd pad resgion tsmporgture dimitations he, grefprreq i"?’éiF‘P%rWB?' Ss
addi ti on cfonashigstion atrtizerredctar Oa'ﬁem?é w4 ogwicrilugmh The qrestaesie 'W YR 0 ra5en 8 o
wei ght but150weeD wiothersfis exiower it fasoceryasion dysit asrafyy P i S ﬁfasg%lﬁer
hand, dcwagmgﬁ%ﬁwe@ewmﬁgowm ob# '?aﬁ'b% 1P Wgﬁﬁ‘& oSy e e aﬁﬁ%n in
accordan ’ ' ' '
¢ The rate of ;g\rl; %;’5 tehg trealct%\rlvenm;[dtljrg Qhrgurgl??h%ergac%? lsl)(oﬂ‘ﬁrberﬂi)dhee%wgﬂrto %{'iwﬁood
mixing of the reactants in the radical direction and minimize mixing in the axial direction. Good radial mixing
is beneficial not only to both the Intra- and Inter-CD of the copolymer chains but also to minimize radial
50 temperature gradients due to the heat generated by the polymerization reaction. Radial temperature
gradients in the case of multiple segment polymers will tend to broaden the molecular weight distribution of
the copolymer since the polymerization rate is faster in the high temperature regions resulting from poor
heat dissipation. The artisan will recognize that achievement of these objectives is difficult in the case of
highly viscous solutions. This problem can be overcome to some extent through the use of radical mixing
s5 devices such as static mixers (e.g., those produced by the Kenics Corporation).
it is believed that residence time of the reaction mixture in the mix-free reactor can vary over a wide
range. It is believed that the minimum could be as low as about 0.2 second. A preferred minimum is about
0.5 second. The most preferred minimum is about 1 second. It is believed that the maximum could be as
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di*'striBbution and Inter-CD. Thus the presence of chain transfer agents in
the reaction mxture should be mnigpgg g M tted al t oget her. Al though
difficult to generalize for all possible reactions, the amount of chain
transfer agent used should be limted to those ambunts that provide ]
copol yrmer  pigio ésigtiout 360G seconds.of prefersc maxintum id @bdut 4Qisacong-t he mostrnsieried snaime dhd
conposi ti onkrut 0 epedsity. It is believed that the nmaxi rum 25 anount of

chai n transf dreferakis thegid dlew of the)palymerizatiencrepcen Mpss thieugh e iybylatyrgaction will g, under
about 0.2 ftulenpeongditions.r egstttd taw Reynelds N‘é“].:%f (Nﬁ)é?ﬁétd'f’ﬁfnm'%?gainﬂ“’@’. e P9t
the resut t PHBPOcAY Mot RIsiorably g iapt 100,040 {o.9,- 15000019 280,060} o Frgyle e dpeed R T o
regards MR B BHiGB fedactol: iy Reyoldy Nymbey 5 d B in the absence of added
chain transfer agent, chain transfer reactions can occur because propyl ene
and the organo-al um num cocat al yst ﬁ@n@bsgcﬁt as chain transfer agents.

I n general, anong the organo-al um num conp s that in 30 conbination with
t he vand@i um conpound yield just one activ& species, the organo-al uni num
conmpound that gives the highest copol yner nol ecul ar wei ght at acceptable
catal yst aghbyi i 15 4bW viisonf RASER), 07 iR aHR dmelef ofttheredbhor Yent)Rb isGiulaainsiy
effect on G emBPRdn mdmég(pogg), copol ymer product, that A /V should be
used whigh gi |V§&ir$£€a$l§s99&i$shom 86 sbiacted MRingfiin CaehySts @hn e ase be bheatheyadoywot
activity. Chbhelcri@Rsbri mitfieh reatteriy bevidiaten typlosly tn dneuhts np o nivy %agenprdiyrip to
excessi vel ¥ pbloy dagd dnetip aasidiumecathlysi, @g., thotyl perthjareerdtanate.i benzayk cligideleandrathee d
bel ow. Ml ecuvkiors disclossdtin BP-810291B81t dnd IEPeAA291389.ctheCmefl catalyst ectivatasninelyrecpsigr of
c4t al yst deawgenaed oganicl acidsn gartidulariy eyl drichiofoatetates palky fribromeenelalon. etrpf etaviane
to t er ni matglyesl nehoajybipirtigylacshmpnosthyl) ethersswithetighlotopestimacichand alkyerehipraetptonaios 208
Zi egl er cataaylyelides.uSpedifid examples otithessccopipeunds ineludsy eangayt chigrige Tpathy, trsghioraaepiaia ¢ ¢
to such deattyl wishiproaretaten methyh tibigmpachtaige play] dribromengetaig.t @Menqgg%dt I!ggm‘“\" ol
conposi ti Onﬁgpfolrpwt;??@ thyleges glycohmonesthyh etheretrirompasetate; bitd rpershipracrotenale and: ety
“cat al yst | iHeEPREOERFEP- cat al yst system co ition is nat kno t € ,
for any i venBta'[a&'I"&?Etp,mcﬁ’é%%ﬁ rogd, akoxey & %P Sio(iieflong ha:'" Vﬂ“@ﬁ% " g;cag,%g
resi dence (T4 lanefre%&%\%qerl i é.ir ol"‘(I:a 3 ra%cgf%gttﬁ) Qé&: iqu Eule &3?1 \'bGQOthe
desired nor!B‘f‘?rﬁ'H'_‘eg(é ! r{; bleoin '?Séﬁi:ﬁrﬁlic% Ic'oﬂﬂ?r.ciﬁlﬁ%uﬁd orf: Q%%b’iﬁi?@ﬂ'nrhn@ epbma
mgnner and oA gn‘m'; o%)r 81{ with the ﬁsﬁﬁt%v% n, R produbts Rhve JBbdBREKSdLMEY @Al (with specific
essentiall yi '013533@@ g Wimpatallhl brofbRisk Whith maldl thent 85bobifly R0OBTNr Istba
by uti 1i &n dAfondt> Process steps and conditions described bel ow. The

catal yst conmpghe fai%rréH RatPth€ ingb-8B! of el @iyl is EUeRithat &t ledst vt gdftiohsDoffanrindividual
active cat af¥doleBins netEroStnedus @ndirf? 84ch Pbriion MBI laCledishp welgie ipercent ofrsaitiickeliri, differ
Agi ng of thg cbrhssskicrEfont Ythér by)et 68817 Vielht percent ditiyioné.i The inkp-GNRtcaihe suvh that at
cat al yst g OjgR MR HofliorsCof Gopolykhenéndin Wifecisyng taastdi O avightorerant ethalonrxiDiffarepces of a deapt
other's prespiddht peident, dewellas! eveighbymioant othylenadrel alpy eohsidess| ty b aRespstanag; with the
lingys. |f pedentagestiohor a sufficient period of time, the 50 conponents wll
not have reactiaslalé prsferaithatabenipier-Riof the icenslyimpr is sugh that @5 A %aeid elyrens £hains; y
of active chvabrysethylepeangsiionthat differs &rom ghogopolyier avgrage Weight Reresslighyliang composition

i nitiati en. by\&wet% pt lesss THernmisred fntar-CPH:about 13%; ar Jess itk fhe mosi;Peiereg beipg.ghout 10%
will decreaserdesgith tine so that the agi ng nust be kept bel ow a maxi mum
Timt. It is believed that the m :YeTMale ' E'gepending on such
factors as PEGRADNTION QFTHEET : ;

N Voo F TR E ST Ay S AToTTe —tefipera- ture and m xi ng
equi pment . coul d be as | ow as aboul  Qumers &S Akfaded Riowdr FloREdiS Weighttopdiferibyd
period | 55 dfyfdegradedg l??i“fg‘gﬂ?uﬁ“ e 1S T RlohtS 8dudion | oBdbeséd By degrada-
period is aB‘HLﬂq A ggﬁgﬁ jvcjug# éi‘c'ﬁ&s i%mébﬁgg vml%ﬁt?éagcec'tﬁ&pﬁﬁedaﬁr wf?jiléllehgé?’ﬂaae
n Ol
|

for the pref¥ryd¥eys £18 105riBbrk Theabl Bbgraitn Yfdess365ch & Bnbraly donveRthdl @Al
maxi mum i s % Smmmhes C iRt dbd aﬁo@&@sa%&gﬁég g@m%ﬁﬁi@&g@aﬂa@bﬁ%&s&&(bm thermal
seconds.  Jhg, onPrdebdshd. Fhb MELRAAEAIdeBlREn PrBEdssd gbribralpitive shoas essistod Sreakiibven
prem xing cg Syl T3l MR bé barfisdWul iR IR @Fesbrids Of diiigoh ofim ad Biert atmiBidhere 422 indED
Bl 40 [err] sSpehtiaPBisti¥e of bxygsn. ThE &I Ctohduated e [preseric ion gbsbree vé cotalystreandiar
25 [err] C QéceldRiofWhié §dherdly ih @letHaniCal procdsedsae topblyrgerripsitherpin difeesolicber, melt phase,
Preferably, siilprocsasesimag be cantimteadmine pasenceef evivext preferably fnert pf?_"@Q%;nce of the
sel ect ed 0! y @ tezdchanical diebradation wocesses the egremefcshear anst hpatgtilized dp e pOPas? G‘H’sme
e.g., at i mungeyemind thitehermobalsneiary subsctedREpid sheapare thagesyhich@r ?*'V%_t°r9g9'éd2 ’
preferably abpolyeast.e.58d@0Ge ragiasularnsighhef decqopalimer i the desited melesulgrppight (0.9, M'I‘:t
| mpi ngenent aBay nSi009sto abovb 50.008) and fthigkeningyefficiency. 1f catalysts are utilized the amount of cataly
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[err] where Nis fluid flow velocity (cm sec. ), Dis inside tube dianeter
(cm, pis fluid density (g./[errgpoapgdebeni]l is fluid viscosity (poise).
i's " The tenperature of the reaction m xture should al so be kept within
certain limts. The tenperature at the reactor inlets should be high enough
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absol ut el y negempraiybf usdiueBoppiecothpolmtis articeppeie Cy and/a cCull salts b dikentilosuedjriq acids|ee

gaé/ may be aahyapdesEThet salts fhemsplvesamayibe basici beptraltor acigic. Cibew may beiformedoby feaatig (a5
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the air or polygoides, iwhich Ihavesdiderst ong free\datbpxylic; @¢ig gfouny vt (B)ng) £eactive nplal SPRPOYNG; o
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?ng: ?SZE l)(r)rew%ag-m é?ouhg OLLem red Es CI v@lhe l Gutﬁa{e 3}1& F‘\’d Y the
mechani cal SV ?gouﬂ es'r Jy .n n@tnha\i té%:g Ia@enSHM?bE
copol ynef’ 505 gl Hﬁl%lyoﬁ atepqmi‘%tr%cﬁt‘aﬁ he

reaction in eBe,% H&Qﬁd“@aﬁ ut8d, 'n tE'd Bhe/redBRSSto FéaMtll b Bipbraldid sBEVB abGuk ©40°C
place in t rpé\"fo oft b NBidePfsh $houR0t idBdbRIPSsItiGRYf thd sab magodtared, such
as a lowt errpqﬁ 54? atloXi@dntst (9 - m.s\sbdifaayltéﬂauthﬁdde Cu-Slpaté, @F Mmixtires thevdaf) et

they cangbepd saaBalyeshpisied f dh Ahdait df #BIcdbat 150 @o bamapparclbyriveight of te rabtalrim thetfingn.
The degrada,%,ggtmbsrm| ebigositidny carried out using free radical initiators

sugh,as per oxiFaEen modibradsoRe as iniphry thé Gropbrddationdtiabieristicsdo lubripafirigi off gompresitigns such
greater thas saleaetic thhdMision luids. Representative of these free-radical

initiators ar @eptbsshtative Gysmpisrchsiidble frittioh- wodifigrst gllfoumak‘-@S yRatanp No. 3,833,659 which
5- bi s- t end i disgosteLitiyl acidestersiankbaniides d.SaRatantNe td # 713!0*)“—“ 63364*)9% mﬂ'é‘%’aw complexes

anal ogue, dot-poiyisohutanyl syerind anbledridscordieo allnolgi ‘b% 71 ‘&E rﬂ‘b’ °|';8lf
an acid, e. estersral dimerizeth ey g Usva?tPPtt'\He?’ @FG%(Y’U ﬁ"%cl 2 (:l" s U.S.
catal yzes t HE. Batens oo 3i778.37R which (disglogos react '?dB ml e a ,kgmer.
activators m;!g"d’r uggrr%jggcgh'c'bldﬁ@?sef I‘ﬁa??’h&ﬂﬁa esf:cm' ﬁ loses N-
hydr oper dXi i
0123424, | nEYYEDA g' ;rfga %gf s‘e;g"%g";;;;; S d)ggn ﬁi%?. sza:;%&ﬁf‘f:“ag?iﬁ;&f‘fga
hydr oper oxi cgt o nad %ylﬁﬁﬁﬁyﬁ&ucé\nnhﬁU@|Th9fmd§ﬁ‘bl’éﬁﬁéﬂ
about 0. 005% ricgion mo%ﬂ%r;us arg suéinate &‘t e % afi FdiocaByltsisstitudt 3liccini! a@iaé oof
the ol efin QGLIET andHStis Ms%scﬂ oddP0)8! PalehONG. a.384683[ er r] C. The

i ni tiator”deg n%énﬁalpf)? Sdi UBQE Vesufdhg ol o:fdationadurirg2ide i suishendioh) inGhe fhadd thus
preferably LaG Gl juuaag‘f'i deulatib ardprbdisBtion F BEBEIUAr R, metdl phrsaSuittibia tisyntants inglddehy
ni trogen bl gigk Ghdiddblar weight Qlityl stb@nitiaésalinet foaRiok @rodate g aitadiibienpdyimbuylengr subdining
Wil 1 usual | Yoty adie Svith 6tyIana Mikbs Sick@tettathiichelpentarsine drid borated sakel thewef. i n an :
extruder gt he Hofit gint Gdprassants| dthebeseri@bwat ds\ublo il fidvoimprovass, ipwethe BEPeraiurg aDwil the;
In a masti cati@wiliewal tar torpoared:iSoctt additites tae ¥l tknawns Typieallyeot fhower adaitiyes whigh usefully 3
hours total optinii thé lidw enperatgrei fluiity ofTthe fldlé@feaéaﬁsoﬁa“ﬂémﬁtﬁmmw qc?tatﬁém‘?.%g{}? y
carried out pbigmatbactylates.tand ppr waphthalane, Fpan) centigiagn be prayidad by g anjifoamant of the, %5
times the half-life of the free-radical initiator at the 25 reaction
tenperature enployed, e.g. wth 2, 5-di rret1byl hex- 3-yne-2, 5-bis(t-butyl
peroxide) 2 hours at 160 [err] C



and one hour at 170[err]C, etc. Degradation can take place separately by
heating and m xing with the initigpeorse2gseBer ably under shearing stress.
Anot hér nol ecul ar wei ght degradati on process involves thernal degradation
of the copolyner in the 30 absence of oxygen. One such thermal degradation
process |dne Bipy,@g., [silicine nitart Ipelydinétinll ellogane- ol ef i n copol yner in the presence of
catal yti c amuiwear agentsadsethajrsname fimplies redyte, wéar ghmetalgrars/ Reeresegtalives af %‘@“‘&’Bﬁence
of oxygenentigsapageetspreiziac dielyldithiophosniate sl Finsdiayylditpjosphzte. | err C or h|

particul ar | Petergents andi "F% siajehikitorsdnsiydrthe @eﬁPﬁg%‘EIrsé'P'??B'ﬁG?"E' ph ?'ﬁ y to
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mol ecul ar°\fa§P il % prow Je TR g”BQ{s%LrQJnﬁ&nd%Jnh' n

the upper ogb T%k fl;r% &&Eﬁ%ﬁh&éﬂg he ‘time

Pﬁat : ndf caﬁb' |é?o on:{ % |n| E @QIE | g&if thQﬁ:?d)a\é§Bll ian f
e | ower K moBMger O

0. 075% 1 0 ﬁ‘p‘ d,f ot °"’§ ﬁé‘p@%ﬂa L‘*&&ﬁ?"éﬁ‘é‘ot o e e

catal ysts are gengarr%Hm t&{mse V\:hl ch are known in the art for thermal

degradgt i on procesges—are—46—+nctud —an o) Mbonat e of an
al kal i %met al, al kaliAdéitvearth pet al owt"ﬁ a}‘réﬁ‘{?@?{)(r W&V"F"#EW@T’?F? ant i nony,

bi smuth, cadm um ¢hisessitymbdife@pper, i ron.diead, nercurf-4tantallum titani um
thal i um vanadi um| aedosionivhibiteret al gal t 0.03#65 anmi ocar b@xy®$ic, di carboxylic
oR_yricarboxylic aliqxuatonhibipinenyl ¢r nagMtsyl cdr boxy9P¥-tS5aci d |such as those
disclo2ed in U S. Pdispasan8, 332, 926, |i ncoldc®at ed her 18 by reflerence; and

the like. The heati rFQurd*Tomth@rqssﬁlnyrre , ceRUSyst i xtur®-tan be |carried out
in any suitable cl ¢set-Feamingigsem? sugh 49091 a bdtch 984%1%r or| continuous

reactor through whi cﬁﬁ'ﬂ'ﬁ'\f?ef#ﬁa%fure 0 e‘?m and cat 3VL? is dassed

~continuously for t e‘"ﬁ'@&é@g'ﬁﬁ'% residenc %\e td prodp at the tenperature
of oper#tion the d ¢ setaEqersHYR frhibii s dul a ght pol ygl |§1 Ln. THhe heating can
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heating a CP le Zitio'sBibtinls aRfl Wi bthed A8si dit.Oé!s to
oxygen or 38,',“ °H a.R'Ly a.% i |§nl§ B i b ] C
until the &ﬂ abbd 0: &&% b lﬁ sfi& , ard ndst Sterdbly R 68t Oto sBbut 5098 BY
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oxygen anceff b ofkr OVi des a conveni ent means of introducing oxygen into the
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napht ha, s ssnadditvy pusthe weigit of idaihii oadilsentbi phenyl , xyl ene or toluene. It may
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hydraullc fluids, power steenng flulds and the like. Gear lubricants, industrial oils, pump oils and other
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convent i on'BYe
lubricating oil compositions can also benefit from the incorporation therein of the additives of the present

hi gher. 10fgnited '“ﬁ‘i’éa' a ﬁl t’ﬁ
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automatic ransmussnon o 1 Lﬁig% WE&&%@%@ Rydt5ufiS AGids, hbdvy duty

20



copol yrrer, generally in a liquid state such as for exanple in a solution of
copol yner dissolved in a solvent sugp 42 899®te descri bed above, is forced
at hi gh pressure through a device which utilizes variously designed
throttle valve and narrow orifices. Such a device can generate very high
shear rateswenlmomerci al is devices such as that fromthe Manton GauI|
Manuf act ur i ngrh@o theaedditives ohthel presankinyentips may bp syfeblyringorprsated in g@lf"c Rils such
equi prent  eaakidcestgre of disarbanylio) peidss ppixalycels %5‘5 ‘i"i?h%{‘bo??lyalg'@?% ri’§|yb‘ft?5‘°s alkyl
gener at e t henzpneg.cLaspie s‘%!’ﬁefaﬂmsj'f' &cids, polysilicay S, IRV aid
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anount, e. Qisper: an e@m%odueajth d SRR tlﬁgpr%ﬂent ifbontion T8¢l b® Mcorpeate in®hthe adly
the total  GoWRGSA Tubriiing @ coriRsifidn|, it BQRohtbthiRatstiaidt 36bA GiietiveydnOrE: b eyffidientne pRvide
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Maj Or  anDUIHheféddbly20101Gb €8 GloROsieierality fdnh Ol fo abait 10 asd most prieferablp from gbasit P-2%to about 5
hydr ocar bon o @lasedda rRrwiighihf sgiDeompbaitioher one i s form ng finished products
or iaddi tive cmncechd aspect.of b presanbinventionfthet degradddsatiyione-grolpfinciepolimersr a5 9ratpd yith
medi)f yi ng  dyeafiing dretbrial iwjembedanftaltefomQnaﬂqgcﬂegfﬂdﬁd@thwﬁ"etqqeo'm%ent i nvention
present 2n an ol eagi nous conposition such as a lubricating oil conposition,

e.g., fullyGRAFTINGIMATERIALSLr i cating oi | corrp05|t|on |s an armunt which is

effectlveto i rprove or 30 nodify the wscosM%/ a al neto
conposi ti on, Theamaterigls\ar §E’&°P'E%$ th ‘iecﬂﬂ"ﬁ on, fhe de "F‘Q? 'EPn p:d , ve |n
amount is fWQ)QfP@B(S’GQ"a@dGPB‘I'e dm zsecﬁm to
about 152ﬁ/vta'°“ sea at‘faé 95 °Ft?

on t he | ten [o) al
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derived f ro ofp dx@g,,dm“} Sulfatkidm,as
esters of, . o Eﬁ fi n§at bbn E?St &ﬁvl icaIftungdfuradd portion,
monobasi ¢ & lofle w HPlSYéEEXi% Sfeacﬂlg ! the a@.yl&ks ik GEIREUNG ancpﬁﬂadjicrbabfldnnthaew-th
etc. The d &g& ata@de@! ymers of the invention nay be utilized in a
concentrate T gpdgy nﬁtegals inbiiddToR Biakhble unédturdfed! Poiioo asdogntyicaridxylint acidS/opretarablycthe Bl -y
3 to 25 W . gXoackis) wth lprefeRab- at l63ét/0aé albfinicLuntdteation, ragd enhlydridbs salts aesterso bthéraradiideg,
and may ke ﬂﬁ.ﬁ@&ﬁu&l@l thiBacld8 i gBycibifly épaiy hgdroxyy glym! andt ottien @ubstitaled iderivatiyps ofiraid acids.

i nventi on i prefeiréd BdibdRylie VdcidUgrafing4ateliatscars Gip the Mbrounsblonated (| to (G erpsisgibevlis aciqeny
opt\Lonal | y wierdimianthe tcabexytgronpe atel viniral (-ecldéateid\oe sdiacontcearhen abome). ot deast Rty
poi nt depr eprefaablg bothdf itvecaNacent earban, atenst arepirtiefreeid mape Hesatucatiaf /s "YaHYféff o

i nprovers, slich pe pwdrides orc@rio &s alsphohddrived menpoerliestarsiof 1k Yeas 'ﬂgf‘ e"‘y'e"e'
det er gents, alphastefin renpbimenribe Monguasatustionmgfithe; @ipasboxylig (ecidy anhy lé’@ @f‘fe ¥

i nhi bi t or s, satiralesl. TAERAOT MRl MRlRl; ARIYARAS h&ﬁ@???sa" ?‘@’éﬂ?f’:épqaﬁ%e e‘"ﬁ? ad ? sg%c' (')f

the metalli é"hp‘HF‘?s 45 cont cte b ubrica

1 Tustrat i ve, frarsle b yt e ﬁ.% %ﬁ’ i? gc.ﬁ &qﬂ“ﬁ“"*’ e o
t he product 5% i oR/3foni¥ de

an al kal |4ﬁem8 t??Edta o |c mcpJn ﬁr%ohl@ aﬁ@&ldgrrﬁﬁﬁ'ﬁﬁ;@d%
an al kyl at e nlr e(a\ac I m ICI laEiiat edrndmaﬁﬂg aéyi@e.ef erably in
the presenc® he be u drH’sbh?&Q)r W&ﬁ@ﬁﬁbbﬁm ot & nidkeprakiecd

by reacting g, .&Q%Q&ﬂn&d& bz-@s% Vihyl (BEnBRBIS such ab G@ylamifee berglbrittilenand
fraction 59f idpdv w roﬁ.&.co dhab O &), "Etjreriel| GhiodstyrBitsy brombetirrles;nenethiyi sigrefie, ovinyb
to 30 wt. %, dm@s&idtdl g O phosphorus for 1/2 to 15 hours, at a

t enper at ur e i Nothdd erohehBEwiidh b ®U tusdaiCaré C. by vin@ letersCrinyNethers and aligitesiers. Sh ehe
phosphosul f yijizegrataydiyDRaES,omyinsgrateevied ddipateedd tha likehandrmonereer hevingdie orimere ying!
Patent No. %ol sihles diiytibdnzane, etyiendidinmtierylete, tizlly] Rhesriien islkylpyapyiete apd, gially
tendency f cénv@wal oils to deteriorate in service which deterioratjon c n
be evi denced by tatdecprapodio ot e ofaterial Eling inrthis sleps Wil be palyMerizahig) meupMARrss put P
deposi ts on Soine wiEbaTmeteralsswhichzate tactiym witty e \pRsscRolMey byt 9t forrg, pofym f?]a‘f‘

i nhi bitors ianididse al kaline earth netal salts of al kyl phenolthi oet her s
having preferably [err] alkyl side chains, e.g., calciumnonyl phenol

sul fide, bariumtoctyl phenyl sulfide, di@styl phenylam ne,

phenyl al phanapht hyl am ne, phospho- sul furized or sul- furized hydrocarbons,
etc. 18



EP 0 422 859 B1 Other oxidation inhibitors or antioxidants useful in this

i nvention conprise oil-sol ubl e coppers2ggss Bpounds. The copper may be

bl ended into the oil as any suitable oil-sol uble copper conpound. By oil
soluble it is neant that the conpound is oil soluble under nornal blending
condi ti ons Aso,tehiargei proportiom i ithei Mmeterjaisclatiingein tip class wilchave dynstionally iRpdifne to

t he cupr amsatwation bptriotnetessarily sphie.. s¥I9pRr ofWlonhe in the formof 5 the copper
di hydr ocar biisutigaieric definitief that peropprsses|P-plags;of suijablg reaslents, 8 pSollavsie copper may be
added as the copper salt of a synthetic or natural carboxylic acid.

Exanpl és of sanme thus include [eryy fatty acjgds, such as stearic or
palmtic acid, but unsaturated a s such ag ol eic or branched carboxylic
aci ds such as napthenic acids of no ul wei ghts of from about 200 to
500, or synthetic carboxylic aci ds,/ e $ ferred, because of the inproved
handl ing and solubility properti of ther 3*1 ting copper carboxyl ates.

Al so u¥eful are oil- 10 soluble pper dithi ocarbanmates of the general
formula (RR NCSS) nCu (where nis 1 or 2 and Rand R, are the sanme or

di fferent hydrocarbyl radicals containing from1 to 18, and preferably 2 to
12, carbon QlagPr a7 & RCE Yo mBhdhRproferably R amsCial kyl , al kenyl , aryl,

aral kyls algyainéh rRodhd Fe We!HO RS is IPRdIdgen, bECI-C:a iRyl altbiit is baldgaw 10POFF ef erred as R
and R groups are al kyl groups of from2 to 8 carbon atons. Thus, the

radi cal s may, for exanple, be ethyl, [gg) g@/l , i-propyl, n-butyl, i-butyl,
se¢-butyl, anyl, n-hexyl, i-hexyl, n- pfy ,!n-octyl, 15 decyl, dodecyl,
ogt adecyl, 2-ethyl hexyl, phenyl, butyl pt’@nyl , cycl ohexyl,

met hyl eycl opentyl, propenyl, butenyl, etC. In order to obtain oil
solubility, the total nunber of carbon atons (i.e., R anﬂgﬁ,@ wiJnI bstituted
general |y b tehGuat prefershly §h datGer andompyi crefarghiy, fio tta b saikvh Reh flkay!: ang, gbst
acet yl acet ofesdvaives igeolal so be used. Exenplary of useful copper conmpounds are
-copper Cul and™brOHg®POMa| t s of al kenyl succinic acids or anhydrides. The
salts t?*hensel ves may be basic, neutral or acidic. They may be forned by
reacting (a) .20 pol yal kyl ene succi ni mi d& (having pol yner groups of [err]
of 700 to 5,000) derived from pol yal kyl dhe- pol yam des, which have at | east
one free carboxylic acid group, with (C-¥Xeactive metal conpound.
Suivabl e reactive netal compounds .include those such as cupric or cuprous
hydroxiaﬂles,_ i des, acetates, borates, and carbonates or basic copper

car bonat e. anpl es of these netal salts are Cu salts of polyisobutyenyl
succi ni ¢ anhydride, and Cu salgts of 25 pplyi sobutenyl succinic acid.
Preferably, the selected netals enpl oyedui§'its dipeggl ent form e.g., Cu + 2.
The pregerred substrates ace I,ke.nylc.q.nm‘:i[,ni.a[aei @s in which the

al kenyl group has a nol ecul ar wei dht greater “thanjabout 700. The al kenyl
.greup desirably has a [err] fromabout 900 to 1,4®), and up to 2,500, with
a [err] of about 950 being nost preferred. Especially preferred is

pol yi sobut yl ene succinic anhydride or acid. These materials may desirably
be dissolved in a solvent, such as a mneral oil, and heated in the 30
presence of a water solution (or slurry)gof the netal bearing material.
Heati ng may take place between 70. and amwout 200[err] C. Tenperatures of
110[err]C to 140[err]C are entirely adeq»ca-né., It may be necessary,
dependifr;g upon the salt produced, not to allow the reaction to remain at a
temper at’ure ve. ahpu 4( rr _ n nded period of time, e.g.,

| onger than'@&géu?zs', 36%0%]%830 absslbf’lis?o%&zgfl%t’ﬂge%glt may occur. The copper
antioxidants (e.g., Cu-polyisobutenyl succinyc anhydride, Cu-oleate, or

m xtures thereof) will 35 be generally enpleyed in an anount of from about
50 to 500 ppm by wei ght of the net aLso%ﬁsthQiﬁjjlgl | ubricating or fuel
conposition. Friction nodifiers serve fo“inpart™the proper friction
characteristics to lubricating oil conpositions such as automatic

transm ssi ongif[dodHd)s. Representative exanples of suitable friction nodifiers
are found i nsdJcSHs, Saicend, whigein B 933 oG RNAMF ista GO0 Gaoshyriigaaskonfasaup pndMiise Belpler 5
and am ges; otlry.vall@band No. 4, 176, 074 which descri bes rmll}/bdenum f(ilg nges
of pol yi sobw) Bhad ReLapeH mnd: RaanidyR rarejeanpgeied inte:d Rigingd dng qomeoungbhipving 1R3Y carbon
4, 105, 571 whiopis stéhsas hiviearidg] ycerol esters of dinerized fatty acids; U S.
Pat ent No. 3,779,928 which discloses al kane phosphonic acid salts; U S.
Patent No. 3,778,375 which discloses reaction products of a phosphonate
with an ol eam de; U S. Patent No. 3,8522205 which di scl oses

S- car boxyal kyl ene hydrocar byl succini m de, S-carboxyal kyl ene 45

hydr ocar byl succinam c acid and m xtures thereof; U S. Patent No. 3,879, 306
whi ch discl oses N (hydroxyal kyl ) al kenyl - succi nam ¢ aci ds or succi ni m des;
U S. Patent No. 3,932,290 which discloses reaction



product's of di- (lower alkyl) phosphites and epoxi des; and U.S. Patent No.
4, 028, 258 whi ch discl oses the al kylgpnpaggsgdgiadduct of phosphosul furized
N- (hydr oxyal kyl ) al kenyl succinim des. The nost preferred friction
nodifiers are succinate esters, or netal salts thereof, of hydrocarbyl
substituted Siesipbitteding prdcesses Htvolsing) the rusel eisthesachostiiesting seagéritnare [krows jesiafap as
descri bed bgpliddtion toRaiesntiondiografidd Jthiledh Gapoldnerpof Sharrior arkidetaligdrdesgriptions of these

i nsol ubl es protessas| Hereingaré umeressang i Prder td@piin thepgier, arl proceessp dnthp sAMPYsitiensof fhig,i ¢
t hus pr evemention, sl that deenckéssary is|tket feartiomeradifione.crtigiof repctents. #1d thplike &3 dasgribedj the
met al pag t srior 8ati hecepblied dy the apvebaempositiens of dis myaglipnBiedeligwing is\Rdist A uitgblg {Ractants
succi ni m dées thetppss trealing PrPe9ss pr oduct of oi | - sol ubl e pol yi sobut yl ene succi ni ¢
anhydri de wi (thestorssf vesgluralegielqelolss  ch as te(#g aet hyl ene pent am ne and borat ed
salts ther eof) estss of saturaied gicohols;with upsatuated 8698 5 ot herwi se known as | ube oi |
f1 ow i npr ovefSkunsptsgied ehe®  opperature at which the fluid will flow or can

be pourdf. SHityrsaated keores e wel |k i of those additives
whi ch usef ul ¥ 'F'ﬁ$'fr'art ﬂgofgﬁcogtm'r g?a S’Pgry%ﬁ’ﬁlé‘ul’%{y of the fluid are [err]
e VISR oer MGHoWARL hacryl ates, and wax :

di al ky! f umar f @regprabe Sy e 0
ab{j ?Ei %9 ’;gﬁ‘q\%&%h n@)ﬁolﬁ'ﬁbrié;rﬁh&foamnt of the
o

maleic
napht hal ene. 9&%
pol ysilox- 1g , Binkny virPihefoddBfRlic @migound;Snd mB@IRS tidkdof. and
pol ydi methyl &arﬁg;p%aﬁ‘c néWimiting SRstralSRNEISconPsuntiéI @t lgrolfITH ihdkjtlei elrs vicahsataratebar
of netal pafbidis B ELARN hidthbIE Srofd, 1CABIEINT, ichiradllylaciiramvgiavinyhgastiyivinglr &-phenallyl,
di al kyl di t RhoBRESP MK €) 0raill RGids] ih s dicétie) propidrid, dutyiide valerigecrpec, and| stericalb)
ru{?} i Nhi bigh&uuratdd edidsdsuch N Bayiia] alptalstisstinfed sastyfid) Gndiuding calktiacrylisl el metkagulics,
sul'furi zed dmyRbral projveeglics andoariiadrylis alch @y Ipbénglgsrylina platohie raisice Bnolgied anst elpnicy (Q)
sol ubl e nNonwKybasiechcids aeh booxalid, malems, decciniei giivrip. ddipisi Rimligi suberig\azelpie, aadyebacis: &)
sal es, suchnssurdwdgbdiypadinsdids btk a maleiceiumeris. pisacanic. Jpasecapi tiaeonicemptayignamalonicsy
and My sal tesstylenedicdrbaxyjigeand|cpnicie; @00 ek argratti agidssush arlenzely ehanyiarelics P@‘}Z%ls'fggf R
such mat er itadlie andaprdzainithalic. Westrativel &f 19 oioER YR SStors fre b agetsle fd the vinyl & an
EP- A- 0208560id obberiormayfia t hese numer ous ‘additives can provide a nultiplicity
of effects, e.g., a dispersant-oxidation 10 inhibitor. This approach is
wel | known and need not be further el aborated herein. Conpositions when
cont ai ni ng these conventional additives Rte typically blended into the base
oi\Li n anpunts which are effective to prpvide their normal attendant
function® Representative effective Rour€s- &¥0QHich additives are
Il lustrated as -follows: 15 | Additive W . %
a.i. (Broad) W.%a.i. (Preferred) \ﬁs%%sity Modi fi er .01-12
.01-4 Corrosion Inhibitor 0.01-5 .01-1.5 xidation
| nhi bi t 0Ly wherein 7 - R? @ iRdependently selected fré. sdturlted @lkyl groups, said acid contairibigsgpeutsi@nt
0.1-20 carbon atom®.- Fhosh 3Rk arddisddsed R [U.S PamiitiNos. 3,687,8490an0 B,551,338, both of which are
. 0hc 1. 5 Ant jhedkoraBdereiNQ Référence. 0.001-3 .001-0. 15 Anti-Wear
Agent s Some sfbcil® AorSiimiting illustrations of d@MpeubdSoffgraup (2) nslutieters efrsgturated alcohols
0.01-5 such as methy) bthl, Progyl, isopropyl, butyl, iso-butyl, Bisthutyly dertistyi Rsethvihawil ayelehexyi.
.01-10 4 behenyl, ethy@®de Jlyddl,ndietinol@hino-dBaenel, ethanolamine, and pligthylope glycol with unsaturated
Bal ance \Whesliptutiib @Tonabesié aridwnsatisated rolwypsinasids. exemplesof phichiare ijusiigted In Q)9 2ad, (1Y)
not necessasbpye.(The prefayed ensaiited|pplybasis fcids gielhe alp pnspiyiated il Y Lo
sol uti ons _opstels sysb exethyh moretey privl fmeraiond {puphpRtEs e PP HoeUHRE 0™ T

centrate anmbemBEs7feP adBa5H3%. Eﬂ%‘ét"ﬁ"'ﬁ%\%i Eﬁ%@zﬁﬁ&qﬂﬂ? ﬂﬁ‘%ﬂj‘; £Iaﬂjé|p
thd?, oty 'm a ;
o

COBYEP

ot her addfti ve&eme diyptrativeopon-liiing pxg gle. e % T

bei ng ref er VB efhey, ﬁ‘é’PBe"iV'n"“E(%e g SOur Exa haiE YiRdrEboniNig ub ¥E'S
b af BAB! inEcibordiddl 1Rkdin by

0
.

Y yll \9 er in
can be adde8h¥; gEF"l?J fe ng ZFet"" '?éé“gzb?f'ng Q% 4 '
conposi ti On.a::ﬁ AR i BB ST T S RJ T Ve concentrate into the lubricating
o | may t%g s it tiveMonii B;Caﬁ.p%@‘éf 1Y uRdattia k3RncRCet QPR M) Bsbiudé athi Vi

eating, “f( I Bt ifyPketdns S Qhyl kSR, GRT BETMI vikiCkefhe. CIhdse! ketbhes) a6 kag@ably

Wil typi calfydfy tr% 8 LffhaficO k&téhaS AbriRairtingCup itcS iseai Ry chrbghe tomsTBuON detones are
addi tive anaeéamehw . PafbA Nid. 8,561 849 Glidbrboratedheréin IR rép@nce.

The olefinically unsaturated, polar, nitrogen-containing compounds, i.e., enophiles, of group (5) are well

55 known in the art and are described, inter alia, in U.S. Patent Nos. 3,089,832, 4,092,255, 4,146,4-89.

4,194,984 and 4,051,050 and United Kingdom Patent Nos. 1,601,079, 1,558,991 and 1.578,6.67, all of which

are incorporated herein by reference. These compounds may be acyclic or he.terocycllc. If they ?re

heterocyclic, they will generally have the ethylenically unsaturated moiety, e.g., vinyl, attached to a ring
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anounts to provide the desired concentration in the final formulation when
the additive-package is conbi ned pplghyo2 g gget erm ned amount of base

I"'ubri ¢ant. Thus, the products of the present invention can be added to
smal | anounts of base oil or other conpati bl e sol vents along with other
desi r abl eatewsl 6fi thé Nedsoclylic fring soch delihb inkragep atokany @ Sarbanton. Thepringipal iraguirameptra #eent s
i n col | eciitrogen-conaining Tompoundspare thd presencarpad miliogeh. Sorp @nch jop (wnsabicaied pafien, Le.,

pr ef er abl gthylaniornsdtuaiibn, Sapableadh sescting 5%t thenethylase tcopalvaTor bagkiope-f Thisiin ihbreadsst; o
about 50%oipy thecétiyienicalttclinsatwaes hitogenreonteinise dpactantt BayphentRipcte JR® 8,prpaq grAw of

r emai nder tetesubgititadisfing. Thus thacregctantaan be repipanter B e 9P IR ¢ ypi cal |y about
10 wt. % of the additives-package with the renai nder being base oil. 45

Al'l of said weight percents expressed hereiy are based on active ingredient
(a.i.) content of the additfi g@o and/or gpen Yhe total weight of any

addi tive-package, or formufationywhichywll Qe the sumof the a.i. weight
of each® additive plus the ight ef=tg@tal oil|] or diluegt. As nentioned
herei nbefore the degraded §thyl epe copyl ynmerg of the present invention are

particularly useful as fuel\ amrd1l ubri caRtBg Oil additives. 50 The
degraded et hyl ene copol ymerX of this inventfon find their primary utility,
however, in lubricating oil conpositions, which enploy a base oil in which

t hese COpQL&{éWFﬁﬁ R Qb0 M&beOthe SHnRRE st atlidéBone Ibaifg arDéldctrorsatirdctirgl geoub.or
use in prRNgsbdasts alirohehDibistilahd) B @A @6 i 19156, Ths, ttikconiyl sttion placed Vberosaid

i ncl ude t BiagR is QY edl inaiNihdiait EspHng Yk thastsons mitiyeraatem. lnlihis ombrien gheo pthyerfcaly
sRay k- i gnuksairaR dinbguiebrsimigaBactangnayt lectepresbatediby the evseiganpral formulgiwhers | R%Bth as
aut ool | a2pdnd AT dis indepagiently Selectat frometh@ grdups apisistingcbf bivdeogen andi{yith B, s"ﬂ?ﬂﬂ andhe

li ke. Advanahaedcrain alkpisarylalkyl, ayaoaliisakenyerdialkeny! Byl cyelpalkemy! lefteﬁé"dé‘uai‘% PO of

t he preserdactivegrousiobthe iclasstranaistieg ¢f snsatyraliens £Ya0h SRPYyleqRexidn, Kipl. Cabomyisegyanate,
adapt ed f thionyls emide, fudtgey. iminananyinglide.nplo; |laciage. lefene. QWHW E"hty BsBelSi on
f1uids, teehyeise. thioni¢ ahydride ditbiprigypnhy¢ @;td&Pbsm"lﬁF '"&rms" e e =g‘ o
heavy it pncgiesraasiamic #q%"assd"dﬁame? -half ‘g or o a::,’ L olic
| ubr i cant 8 opersliof ovelie Hjenics anhy Hihagn A rPh dodacyt
conposi ti gisabelc ?i‘l"%@c“ﬂ)@ﬂ’@!f"fdf’ ¥ PO ehﬁf cysie O Bota PI on ere| n o Pul

addl i ves M o2 bove Pm.u%2 Wiadilo %P.Xﬁ@&hﬂﬁb n.twauawnaiaﬁg goce

tives of %m ofal hi F\-Q&ﬁ&fi’rﬁ@ rduBiFh
synt het¥c obgngrl‘%ty rgseghl ne g.’paii»gveret dr %nﬁst |e§s@5m)ﬁ-¥f& rtdinir@Crhdisly inRRY ¥ 0| S
and al COh(?rt a ?n¥9 arﬂ 1 5510 ﬂf{ éﬁ@elsto 5aTiu¥, in BENSMMER™, (l‘f"gaiilf':llFTE2 are
esters of isCOREN'O bfoip. E%rﬁples5of these FsRps] gludid @ipha-
ethyl ene Cc bYd ft e,O NT- ty\ rséﬁ,famtdel BOHAEHiHE) NNRbdyl Odckylaidet! higacryinkis.0 INveds e
in oil idd| lﬂm@ﬁdeﬁa SoyhrliceD | N adidyK@Brbholify, R Neinsstiglainyio détsyd emethdsiviate, -
therein. ecﬂ%-u&hﬁs acifigis; N-06BID Infleintide, Sitviniksymethyd:ppyrelidohe pyeoliginglectyl vinyl sul-
t eAgi/nol Ogie,| KvikkidkEIeR6UrE] N-vihgIIS2-preylonedesas Barinyibaybazaiel | butanamidddecyl tvingl etberesd al s
are sol ublegamiddb@sieby Gl etherNirsiadethllevinylaathes 2jvinjltsemetifylpirisinacend taypeyarpetiylpne- oi | i n
al | proport i méaeded withinlibis grooe an corymuss eapresertest bytthedfordldi t i ves for i nstance,
are soluble or stably dispersible in oil to an extent sufficient to exert
‘their intended effect in the 10 environnent ip which the .oil is enployed.
‘Mor eover, the additional incorporation of ot}1er additives may also permt
i ncor por at| on of higher levels of paiLypar copol ymer hereof, if
desired. Accordingly, while any effective anpunt, i.e., viscosi ty i ndex
i mprovifg or viscosity index inproving- dispg¥ant effective anount, of the
additives of the present invention can be incorporated into the fuIIy
formul ated lubricating oil conposition, it is contenplated that such -
effective anount be sufficient to provide 15 said |ube oil conposition with
an amount of the additive of typically fromabout 0.001 to about 20,
preferaBly 0.01 to 15, nore preferably from0.1 to about 10 and nost
preferably fromabout 0.25 to about 5 wt. % based on the weight of said
conposition. In a second aspect of the present invention the degraded
et hyl ene-a-ol efin copolyners are grafted with grafting materials as
describgg infra to formgrafted degraded ethyl ene copol yners. 20 GRAFTI NG
MATERI ALS
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The mat'erials or conpounds that are grafted on the degraded ethyl ene
copol yner backbone to form the grafgpeglasicgoasied et hyl ene copol yners
produced i n accordance with the second aspect of the invention 25 are those
materials that can be grafted onto said degraded et hyl ene copol yners. These
materi al s ah&eigeneral |y well-known in the art as grafting materials for
conventional olefin polyners, e.g., ethylene-al pha- olefin copolyners, and
are generally commercially available or may be readily prepared by
wel | - known conventional net hodso The grafting materials preferably contain
ol efini cs unsaturation an furth pg ef eﬁggly gﬁi\%@ at | east one of
carboxylic acid noiety, €ster |et hydr i |ety hydr oxyl noiety,
sul fur atom 30 nitrogen atom and oxy en atom The olefinically
unsaturated portion, i.e., ethyleni unsat urated porty on, is one which
S capabl e of reacting with the eth@copol_yrrer ba egand upon
reaction®t herewi th beconmes saturated ese materials igpclude, for exanple,
unsat urated nono- and pol ycarboxylic agids, preferably fhe [err] acids,
with preferably at | east one ol efinic gnsatsrati on, and anhydri des, salts,
esters, ethers, amdes, 35 nitriles, fhNols, thioacids glycidyl, cyano,
hydroxy 50! ycol and ot her substitutedydgrivatives of said acids. Preferred
carboxyllc acid grafting materials ared(i) the nonounsaturated [err]
di carboxylic acids wherein (a) the carboxyl groups are vicinyl (i.e.,
IoG@L-ed oNn ond pagrRBibar @@maamidogreap;, and (b) at | east one, preferably both,
he adj aceRt ieihdr hipdregen bisa G 1@ Cpalkyl gobip;sai d nono unsaturati on; or (i 1)
derlvatlzoes oY {OprBRBEh as anhydrides or [err]al cohol derived nono-
di esters of (RY,RUFShandeRit trednlepandently $pdected firgm év@ogenendea"p!hqm@f* Prafeqably c1 - Czo
copol yner, dkgigrewpsieahsat urati on of the dicar boxyl I c acid, anhydri de or
ester beconesR§a§mmethléQ!'9°wweth|9$°'E)@ ta 16 gahon;aomsy dr| de beco

et hyl ene- al ph8orest dysirafive aenshmiting rexemnleg of “}?l R?Iaé |“H sat 4_ n ;?;2'
aci ds, a?fhyR?F'Fdé@'“%H‘VB@WWE"?“@@%“V{D "éfjfc h M (il ﬁ’ LK ya
acid, hini cnddeeer alrh (G b t“ i “el s“ |A¥ m, om'g,lu L
acryl ate, WWW&@‘P '&ﬁg °thﬂ _ Y'? y" Iat ylcg@ a\é b, Gy
pol yethers, Frpéno ltg tne o %IQ p- ' (N@qu'l oxaioﬁ&ﬁé Ol C
acld, nesac thylam ethyl \n et gr Fi gJe{o ﬁlle, INCViHy BthdlimRB) harar -G

ci traconfc '“'Fo' néa“"sig B o &m& i GRBIIGGIH i
sodi um acr y gntd ot ALt a@&,gm,dg (1r§9£w\e,§,| HirstRpBYkdptdpyl)abhBRide, MR- IaTNYS
whi ch can bg gloﬁdb 4?:%93@4 |N@ iy RimirloBth) QBAIEMd, | A 2 drbky6Hhye agrylamivs; @
of the car oF NVl eab rdHcta 8 Tor \idlr| tNiSinaloB € r<aéH as N@inyithpyr@lidohe, \8-metiyl-Traimdpyer s

such as aLrMlidana, dnethgFi-YidyRRirdiition £5-R8tHl1-3QinyTByROIoNY B-ethyicinylpyrraldont SchotyB1-vinyl-
i.e., styr eﬂﬁrollo%ﬁﬂ 85Qfelhy IRy Ipyirdliaeie S4, 5/dimetms-1 -vinyigirhlidonest Sydireetiay]-1-vinyhpyrrolidone,
pyRLdi nes aggldine@yl1ivingipyridiidons, B Sammsthyl-iiyipyraidoneh d-athyktivieyipyrelidene] - Sunetyst-5-
esters, Vi NygthylBtiniipysoliaend, H4.5-yimethgitdetty!-1-dnyipyrralidonpi nrylloﬂlsug?@raﬂ!'@' supstiyyed N-vinyl-
| aur at e, Vi pylolideheza Matiny]benzyldigriethplernipat B-dimethylemigiptopy eac e dto ﬁ’@?‘a?'iﬂ%ﬂi“ Mo
Or nore i npbthapryimipeshylpgumiitonas Ntinethasplloxyptiylmsrpbolingt INymethrsryigyetiwimereh 'f‘%tt "“a"

triallyl phemishiof e-meuwlamh?qrwlamm g thentkmethpcaylanyide 9?5“"&3{’ y oures 2 |-2-
proporti on wyhylimidazolegorying "ydaF%l!‘?ﬁ g'i’%"‘?'ﬂ\f"g“ﬁ% -vipy 'l' zz?'% 40
mononers, bimidaadk. Nyinylbergipigazgle) N-vigd melhvke-migazoligi '%H"yérpge'}y' o ve|ne

base pol yneimd®le- do not. form e. EP 0
422 859 Bi Al 50 '%‘“F%‘ﬁ@'"ﬂ}eﬁﬂ?ﬁ?ﬁs maﬂ([ﬁ u"ﬁ%‘é(a%'?@regg&"gﬂgﬁq%ﬂg in the cl ass
wi |l have functionally in addition to unsaturation, but not necessarily so,
i.e., styrene or ethylene A subgeﬁ'erl c definition tHRt enconpasses a cl ass

of suitable reactants is as 1o [err erein. lerr
[err]preferably [err] and nﬁé?cﬁfgrgpaBFyl‘fﬁh FH) =Ry ,'g}yl, al karyl, and
substituted

wherein R is a hydrogen or a lower alkyl, e.g., methyl, ethyl, and the like, T is a hydrogen atom, a
halogen atom, a cyano or a lower alkyl group, e.g., methyl, ethyl, propyl, butyl and the like. Non-limiting
examples of nittile monomers include acrylonitrile, methacylonitrile, alpha-bromoacrylonitrile, alpha-

55 chloroacrylonitrile, vinylidine cyanide and allyl cyanide.
The ethylenically unsaturated carboxylic acid materials of group (6) are generally (i) ethylenically
monounsaturated Cs to Cyo dicarboxylic acids wherein (a) the carboxyl groups are vicinyl, i.e., located on
adjacent carbon atoms, and (b) at least one, preferably both, of said adjacent carbon atoms are part of said

25



dérivatives thereof, -CN, -OH, -COOM 25 [err] [err] [err] wherein RS = H
or [err] and [err] is a [err] hydepoapkessgioup and Mis a netal 55 of
any val ance; and c) [err]3 are Hand [err] and [err] are connected into a
strained ring conpound having 4 to 50 carbon atoms such as himc acids. 22
EP 0 422 hBa® uRbtuftions er (folbtivatives oft (i) sugh ps anbiedsidessor iCn tocs\aioalp! deied raenongr dieplars o
post - t r eadf i Yponeragption withaihecethwiepavnopolymers the mesoungabyationefitherdicagorrli, acich ARy Fyide

gr af t ed - etrlestbrehaconss satiirgtas Thusp for exgplpmalgic aghydridefecemes dydreradyl substifugd sucginic

t hese prowmbglids herein are unnecessary. |n order to appl he_ prj.or art
procesges t Alse h@"@ér‘_ﬂﬁ%t"tﬁ%ﬁ@_’b?’eﬁ?i@y?ﬂ%h'[“??g’%sa ed mongeas o eag'g °|"§Ls'i s
t hat reacThegeenecsrhenis erirsmateriglsiingludg (1} monopnsatuate 55? 1y ofiocgrRoxylic sg LPPPRES i n
the 5 pri@fborFarbonhandis conjugeted 1g thegarmey Arqup g WSO FHANE ¢ his i nvention.
The following is a list of suitable reactants for the post treating
process; (1) esters of unsaturated al cohol®; (2) ester of saturated

al cohol"g Wi th unsaturated acids; (3) ugsat rated ethers 10 (4) unsaturated

ket ones; (5) unsaturated, polar, nftrogen-%ontaining hydrocarbon conpounds;
(6) unsaturated carboxylic acid nmafe®i@ls;€(7) nkleic acid or anhydride and
one or nore other nmononers; (8) nethacrylates and acryl ates, both nononeric
and polynglgi c; and 15 (9) oxygen- or sulfur-containing vinyl heterocyclic
conpound; oRAdvatiest 8B SudhHRIeS ad Cs FEsNB! dbpvdainfonaestesrof Kii).ripbi regctioh Witsthe athvlenes  of
conpoundscdpbly@érPte radnburisitGratiof cof aiss momusbtutated atadmaytice ecid Imettpiad | ecases (satyrsted.

al liyl,, metk) tbrydxampid, @trylic, acid badoines aredthyjdne caplymercabsititpted propinnicierjd, andymetiyacrylic

gt Ryl vi nydid betorpdscan athlylgie, copohaine sitbetitytéd isdbutriq(agid. sat ur at ed aci ds such as_

acet i c,z0 pr ofExanplay obsucly unsaturated | reanpcand stigerbpxylic agids, ot ashydrides thesaof inguda fYMaice d
aci ds suc hidastacuoic yakid.omalei¢ péics-malsissanhycrides ¢hleremaiele anhysiride, agerfic, fricy methecylieyaeide |
e.g., met batoniyhdid cinmagnicacisyneibyl perylete. W@ﬁ?’!a?cﬁ"%‘f‘\f' E‘P‘hé’ﬂ%‘j"%\ﬂ? crylic such as
phenyl acr y| iPedferred resthgrie; acid| raqtirials | gre, dee igarbaxyllg qcid, Y 'ld%‘?'. 'Jf%’éc 5’1@&) %sj; :

aci ds sucHeriaive sharepicis PaiguisHy prefeeqd-zs 'h?‘gs E’;@a?[’ H°F{'°mq“ jp\"gf: :lg s e have the
“suberi @& g9t fhgjathylenscopalmer o give pg)caiblis g tEngonslies; pRE el chas

o,

. A% Boacids su
mal ei c, f @PASAT formulg ¢ raceni c, nesaconic, itaconic, nethylenenal onic,
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t hesgroup (1)(a) esters are vinyl acqtate ard the vinyl esters of an 25
acid of°the formula R7 [err] 35 wherejn [err]are independently sel ected
fromsaturated al kyl groups, said aci% Tont & ni ng about 10 carbon atons.
These esters are disclosed in U S. Patént Nos. 3,687,849 and 3, 551, 336,
both of which are incorporated herei n by refjerence. Sone specific
non-lLimngsting illustrations of conpounds of group (2) include esters of
saturated al cohols such as nethyl® =thyl, pfFyI9 isopropyl, butyl,

i socbutyl, sec-butyl, tert-butyl, 2-et hyl hexyl, cycl ohexyl, 40 behenyl,

et hyl ene gl ycol, diethanol am no-ethanol, ethanol am ne, and diethyl ene
glycol with unsaturated aliphatic rmnobaﬁ ¢ and unsaturated pol ybasic

aci ds, @exanpl es of \{,\/niqh are illrllustragred ion (1) (b) and (1) (d) above. The
pr ef er r ed wherelntRiangitFs grepnsiepandantiy: hysdropensor 3hal Qmeegr%li r%hr&eriag;naﬂ.leupr}ess%ﬁtlﬂv%igrg .

di basi ¢ aci dthese ¢rpup; Snrgaterias are particularly preferred as gr érition
Th?qgroup (7) grafting materials are a system comprising (a) unsaturated. polycarboxylic acids or

anhydrides which can be grafted, preferably by free radical addition, onto the polymeric backbone, and (b)

45 one or more other monomers different from (a) copolymerizable therewith. Representative of such unsatu-
rated polycarboxylic acids or anhydrides are maleic acid, fumaric acid, citraconic acid,. mesaconic acid,
itaconic acid, methylenemalonic acid, acetylenedicarboxylic acid, aconitic acid, the anhydrides of gny o.f the
foregoing acids, and similar acids and anhydrides containing about 4 to 12 carbon atoms. Maleic acid or
maleic anhydride is preferred. Mixtures of any of the acids or anhydrides may be used. .

50 The monomers (b) copolymerizable with the unsaturated mono- or dicarboxylic acids or anhyfindes,
preferably maleic acid or anhydride are any alpha, beta-monoethylenically unsaturated monomers .whlct.l are
sufficiently soluble in the reaction medium and reactive towards said unsaturated p.olycarboxyllc .acud or
anhydrides so that substantially higher amounts of said acid or anhydride can t_ae incorporated lpto the
grafted polymeric product than is obtainable using said acid or anhydride alone. Suitable rr_\o.nomers mcludp

55 the esters, amides, and nitriles of acrylic and methacrylic acid, and other monomers containing no free acid
groups. Representative of these classes are the methyl, ethyl, propyl, butyl, pentyl, hexyl, cyclohexyl, 2-
ethylhexyl, and isodecyl esters of acrylic or methacrylic acid. Other useful monomers are styrene, alpha-
methyl styrene, Ci - Cs alkyl and alkoxy ring substituted styrenes such as p-methyl styrene, p-sec. butyl
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esters ‘such as ethyl funerate, octyl fumarate and | auryl nmleate. These
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fi‘de, N-vinyl ethyl eneurea, N-vinyl-1,2-propyl eneurea, N vinylcarbazole,

but anam do-decyl vinyl ether, ac-gpiosb@g®siadecyl vinyl ether, ureidoethyl
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i ndependently sel ected from hydrogempand al kyl groupd® preferably [err]
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general I'y Iglgr ca?i(rglg?é' Eséﬁs)% free-radical grafting is preferably carried out using free radical initiators such
50 as peroxides, hydroperoxides, and azo compounds and preferably those which have a boiling point_ great.er
than about 100°C and which decompose thermally within the grafting temperature range to provide said
free radicals. Representative of these free-radical initiators are asobutyro-nitrile, 2,5—di-methyl-hex-3-¥ne-2, 5
bis-tertiary-butyl peroxide (sold as Lupersol 130) or its hexane analogue, di-tertiary butyl peroxide and
dicumy! peroxide. The initiator is generally used at a level of between about 0.005% and about 1%, based

55 on the total weight of the polymer solution, and temperatures of about 150 to 220°C. . .
The initiator grafting is preferably carried out in an inert atmosphere, such as ?hat obtained b){ nitrogen
blanketing. While the grafting can be carried out in the presence of air, t_he yield of the desired graft
polymer is generally thereby decreased as compared to grafting under an inert atmosphere substantially
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sthylene copolymer backbone should not exceed about 10, preferably about 7 and more preferably about 5.
Preferably, the average number, moles, of grafted moieties present per mole of ethylene copolymer
backbone is at least about 0.6, preferably at least about 0.8, and more preferably at least about 1.
55 Preferably, the maximum average number of grafted moisties grafted to or present per mole of degraded
ethylene copolymer backbone should generally not excoed about 10, preferably about 7, and more
preferably about 5. Thus, for example, a mole of grafted degraded ethylene copolymer, e.g., degraded
ethylene-propylene substituted succinic anhydride, containing a degraded ethylene copolymer backbone
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Such as vinyl acetate, propionate and butyrate; vinyl ketones such as :
nmet hyl and ethyl vinyl ketone; and other vinyl and vinylidene mononers such
as Vvinyl sabi ara degraaindl etiylenpipropier® tabibonei bwing amgvemmmbesmdﬁcwamew ofrB0 o f
t he conpnmneinsgrated th eaid)baskhonCanamaeae numbenefsugoinicrrghydidemeisiiss, ofromyahout 0.5 to
pol yner i zahbite50dwefbiably tyom cibeut @/8de abavh d9.i Typigally.drogugbeut 4 torpbayt 1?[6‘&’@@3’ f"°'“
cr ossl i nkibog Ocirto gdutié moles ofsaid isarbaxylie\agid gnalerial af?rqh?faﬂ/w Hrdeasioe azsw

groups,;s seepelyreprigeargedoi ded. Conj ugat ed di oI ef| ns as buta I, - | .l

be used in MNpmally. apipdlingfsthes F‘?ﬂ!@le% 8'@)‘1'3'1?0 ‘”' a“ gs ‘;:t'ﬁ
crossl i nkanhygide. d‘bP'Pﬁé?eﬁcﬁﬁaﬂeﬁﬂ gﬂe'ﬁl eﬁ'egt erefore n |f|° pr YQIEL y

c;)nt ain uthe‘E‘ é“%b‘t‘}u‘!“h%d% T 5’%} Up-d e @r otn
Lo e ,,f}ag ol  enlrecost

coggy ’agﬁ iy o cto 55!13\ e, ﬁéﬁleq cﬁbﬁ%dﬁ&'%lh@r@
wth said g r j?i raftl a‘fﬂ?i 1 Y iRl d s ot i EpR E{ QB NuARREBacBbn withe
reactlwtx(I % er nonomers, including reactivity
rati os whic

nza%@ %g@ﬁllrﬁﬂ%?éf nﬁ‘d%%rﬂr SftihPmaatl Suth Setsdkylit Acid MaRAIET S
and nopongr maﬁﬂoe{nwoﬂﬂ’bs vfhﬂ:ﬁ HaW (eBdtsd P& Mél€ of BPIEHROEHPbIyMer dhbrgethitocthe reaction
anhydri de(vdh&hé? i BB Jdldidohe GeaBRh \oITRELSIs Qofiried Gerei \68 i &¥Bragy Auniendf drafiednrolvtios

i deal of RG0S prékbhpbr Aolecdt BEAYIEneVdobdiyniae wileCthe arhaueit of diereaatedemtiylen® Fopolimer

gr aft's t OprdSent in EHRNESIMBARESresdibCtodut nifkilirb earkis sobsequantiyondiibd i.msnapasdd ardeargaged
"lr)’dr i depy RedROés Kdbwi ahegara duck moBfications tol dotederitheciverags rmberyof grpitediTaiqipeas of
Pol ynmerzo Chefinédsiboye, TKEOWme riaftedrtegradedsthyloy eopclymer d5iBtende do refpr 9-thepmactienspreducly| | y
TabI es XXmixtueb whsthbr, it las dnderganrdsudpmedifigationpetofut ,  Pol yner, Handbook, 2nd Ed.
1975, John Vihéseygraitedsdegsaded nu;vlenepa}ws capplymess, are) ysefubas § Yiscosity indey, IMPFYPI RGP’
ratios wi mutieqgenati vienesitytiedex dprevey for y'eeqm%eo"rmﬂm r@”‘%‘éﬁ"&d‘fbé‘c‘f""%B'F gomposi-
conononer $oMei ng 20 requi red when a nononer Fl| ) fy ose m

tendendy t o Theppet ghesid |9!€'°f' HSW"{%"@H

us co E‘%.%Ler

such as miyeB{ag "‘Qﬁ‘iaﬂf‘go‘?" caﬁwg? P'Ps %a"@ pmve M ange
of about Paicula ?1:0 vcv{ é/ | e | |n gﬂdcﬂ/euga:s)aﬁ:’
anhydri deGP'EP' Y%' t's 59"& " h .h&ﬁp%aﬁonam or

araydr i de ° Bive |atholide of B4R TET
syst em® O A Ft ée ég e&l‘l&en tioﬁ Ily@&dt tﬁe; tyﬁé?:ha\ﬂ Eh&lﬂts%ﬂ@ther%&duﬁﬁé eic
acid or daﬁgp u BBkt SpRE Sidodhp ideR improwky  Of
t he produ ynhﬁ, tc 2-6% by wel ght . Such graftl ng materials of

group (7) a?ﬁ: &5 r dré?te&-’d radad lefhipibnd \Etpolyrfierd. Gfdy B8 Jormulated! jnloGdil, ebbdntrates,

I'ncl udeg Wnich!dil doRGontA&D MaP ithenNse BRlolias ryd alosinoas dorapositiinatsesh o lypricating 08)
are the mpapeRitibre. BpRall) GLonNBaIchiomatel aaydiraiions2 Braiout 9 Wa e Prefetdily frepyrbow Bite

met\aacr vl ab&ss 25Clo%Q6H syl glaftel defradieddihybirccopginersin 81 eige prnertivhricaling gil- t he

formul a [errih auned espact dfatier instars invmliom gl grefteda piefprably pacid reateriel 9f gspupr 6 iafied t o
3 i ncl usi \degradet lpthglece @pBymas are xeantpd Wit @ dolyapineeor Rg/Yol ‘M@I"‘él'tf???" %[r?&temg ing
and R25w0i gradtbd dégrazibd fethpianelcopalyrid@s useiul %W@fuwp’ﬁbwscaﬁ'ﬁrfﬂdeémﬁﬂe'fsf Fed?

met hyl , etiddgk imppverpglisperdants.yirl oleagiapus\ePmpPasiEians] | i sopropyl, neopentyl ,

|sobutyl tertlarybutyl hexadecyl , octadecyl, eicosyl, docosyl , pentacosyl
and i sonerRIERQLYMNE i es t her eof | AI so i ncl uded within the scope of the

th | at d
monorrer g c methacy ywa esp-?r{:'mﬁﬁﬁﬁi z,{tggtaﬁa o r&j %‘f\} gmﬁﬂ;%tefﬁ?&fﬂ :?Lgﬁ:;

pol ynet ha ingO§tBups) SUERT €

Joxe 3,0 0 el rgar s e
of these % nﬁ% ‘1'3“"° 'éﬁ éermgg"g'sqand i DOS YIRRENGA! £231938 Gisherds

for exarrplpé’y; aﬁa a en 1,031. Also falling

wi thin ghe® tahRed) MLy thess bithegensraldiormpme:s ed
of m)no%rer 58 i %}%ﬁﬁeﬁ%ﬁg{eﬁu%ﬁn&?@faﬁ;l am noal dl!?/blt met hacf?/l at es,

m xtures thereof with the aforedescribed al kyl methacrylates, and m xtures
of the aforedescrifed_alkyl Rt hacryl ates. Such pol ymet hacryl &hes based on
di al kyl am noal kyl acryl ates, mxtures thereof with alkyl (t acryl ates,

and m xggures of al kyl

RS - and

30



net hacr'yl ates are described in U S. Patent No. 3,879,304. 55 27 EP 0 422
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free radicals. Representative of these free-radical initiators are
asobutyro-nitrile, 2,5-di-nmethyl-pgg¥y43o486B4, © bis-tertiary-butyl peroxide
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10,\pr ef erpplpdrablyciivfibo 01900 ahoutnist pref erably about 3 to 7, with the proviso
that t + r i|Exemplary@®f &eh ensatufated dic@rbox@lis acifie omanbydridesghefreef arp émaee@arq 6#?0'?'? agid
pr ef er r ed nidieitt acdemnalgi€ ahydrigs. )chlorbinjloia acid, Chigromaleicahydidedici n a nan
suf fi cient tPreferasvibde Cshto aboutSeaarriplin polyriesy forreactipm will the, ur;g‘ﬁ'iat?aplc lic a@ &t
two pri nmaroy derivatives desshgre mmner%enmmengae Hﬁ‘%ﬂ/éﬁ?'ﬂﬁ
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1, 2- di affi risErante. 1 0§1e !%'2 a%;gr}%F r@g &ﬁﬁ &_ecf"dr E\Qigo p@lgﬁér of isobutylene

1, 6-di am %l(¥r triam ne;
triethyl erf® %‘?eé' rr1§th'i

eng

i SaturiSH, Yo? leRPpiL A otiyiBnE-Biopyient N
as 1, 2-pr Oq% é‘ ugrarr o%g,e ad 4 t@HbtalbR to cBhtrol rholéculaF WM. €NE)
triam NG XI Ilqgﬂlaw)ﬁd% ﬁmeave%é\h SlbculaPweights withia iHd)thnge ef dbpdtene
di am ne, éﬁ%@ Lth¥iy) betwean o180 QREatdLit23000) Particularly useful olefin polymers

N- dodecyl I%v nd?r(bqpﬁf@ﬁgéjh\aacum WEightSWithin the fabigetst abduea0BGId about 2500 with approximately
one terminal double bond per polymer chain. An espscially useful starting material is polyisobutylene. The
number average molecular weight for such polymers can be determined by several known techniques. A
s5 convenient method for such determination is by gel permeation chromatography (GPC) which additionally
provides molecular weight distribution information, ses W. W. Yau, J. J. Kirkland and D> D. Bly, "Modern
Size Exclusion Liquid Chromatography”, John Wiley and Sons, New York, 1979.
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35 ‘Q her useful am ne conpounds include: alicyclic diam nes such as
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integers of from1l to 4, and [err] are the same or different and are each
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to 7 nltroqg
nanes su<‘fhtaglssa
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OUt 3 10 o8] Bt Vo 9B HUBHo: ba s 2esgg. 10 [err] (1V) where n has a
val ue 0f1sab0U§y tho 1160 of Ralogdh, laBouk BEtoId6 WY, 96 bidtib dolyaibfint 616: pBIViBabLfylend Will hdumally 'reacied
from about i dRB®lylic/ddid oiﬂﬁnv&f\l&fljabra&&ry' ng 6ub AthalraliieadBiort withald thetus&af, halaged or a
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substitusnts on R9. The al kyl ene gr oups in elther formula (111) or (1V) may
be st rai ghtPREREACEEROAMINE OR FIOLYOL-CARBAXMLIG ACIHOMPONENY 7 and pr ef erably

about 2 to 4 carbon atons. Particularly preferred g Xam ne co u
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to 7, prefet%fﬁl toral
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gﬁgt %l eE E ﬁ:ﬁﬁ dsbout $LH b0 BPboRETH tHY hindarByli siRBtuerit, NsacHC 3Cthése

' gl er %FE ErGAHolAS ASH Compoherit?) DrefdrdbfT AZUCERS acid PRducing material
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propyl engs d| amomarb&lyﬁc Sapbigierhity haweeb idesaiibed , in UK. tRatepir $noyificatinn 988,040 Fhere,

t etr aet hyl epsapmed @8 Tcaded Withitmetighyhalsealarchelght manp careoxylizertitl vbryadirdmex potvoleén. sufh.
(t riuret hy| egepdiyisobunyishe, by2exidaidnywith3nitti@ acidrion opygep et py midilien of halegen to the polyolefin
4- et hy| i i dmmed iy dydrdlyfhghand -ckdatiani i pnathey | ethod ris G?aqfﬁllﬂ Relgian Pajent 6p8.29pniacor-
1- ( 2- ami noppagyd hereip cayamioresce whete polgdlafin sughi asolbe PP r("tazﬁ°ng6 monoolgfin 6.-

di et hyard nyivpmpyleneaumpelvisobiyipde, ig helege ;ﬁw@m 9| chlerinated, *Nd(tf@t‘ "dN‘se‘?fﬁ‘fhﬁglal?{‘?\ PRne

di ani ne, 2- wisetirpted, manocarbaxio ek ieffom 3 19 protershly 3é‘?é 'h m

N T R Ry

above- ment i on i i "l "

\ll_:\hl Chl ar gﬁ parpgqrmggyytp re%gl gﬂapg %&%W@’SP an?ﬂ§ é m{;ﬂﬁ%@ nown
neycl opedl CogiSetlter dehs hOR o} 53R 9 tRJ rELalyiGIBR PibmRss’

(Kirk and Q 2%& descnbeq wnthq‘ikbré::q: glkI % &ﬁ% bp © b afor l&I P%Wh

»anhydrides described hereinafore.
Reaction, preferably amidation and/or imidation of the carboxylic acid material is usefully done as a-
solution reaction with the acid material, usually polyisobutenyl-succinic anhydride, dissolved in a solvent
s0 such as mineral oil, to which the other reactant is added. The formation of the dispersants in high yield can
be effected by adding from about 0.5 to 3.3, preferably about 0.7 to 1 .3, most preferably about 1 to 1 molar
proportions of the alkylene polyamine per molar proportion of alkenyl succinic anhydride to said solution
and heating the mixture at 140°C to 165°C or higher until the appropriate amount of water of reaction is
evolved. Typically the mineral oil solvent is adjusted so that it constitutes 50% by weight of the final acyl
s6 nitrogen compound solution.
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| Nt er sc¢i ence Publishers, New York (1950), incorporated herein by reference.
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contaiding three to 15 carbon atonms. This class of al cohols includes
glycerol, erythritol, pentaerythritgdg4sh ggogperythritol,
tripentaerythritol, gluconic acid,glyceral dehyde, gl ucose, arabinose,
1. 7- heptanedi ol , 2,4- heptanediol, 1,2, 3-hexanetriol, 1,2,4-hexanetriol,
1, 2, 5-hexanetriol, 2,3, 4-hexanetriol, 2, 3-butanetriol, 12,4- butanetriol,
2,2,6,6-tetraki s(hydroxynet hyl) -cycl ohexan I 1, 10- decanedi ol , and the
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MRV, CCS and TP-1 are all indicative of the low temperature viscometric properties of oil c9mposition§.
Shear Stability Index (SS!) measures the mechanical stability of polymers used as V.l. improvers in
crankcase lubricants subjected to high strain rates. The diesel fuel injector test was used (ASTM D3945,
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REACTI ON OF GRAFTED DEGRADED ETHYLENE COPOLYMER W TH POLYAM NE OR POLYOL
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equi Va'dd?“t S Bfs XGRS e atds & MBricking bil BAEBIicRlidling Utsiacihel scopielohid ieswnt mfentidnin

gr af t ed aGiafl itheh@ihY a0fontdnfonBil thyldne-pdpEsna Cedpolyien yfalkng coutstdlp Cthey nappe of itlecinitant,

i f - I € GvbiftiEn. PksY nveRtithalCathyapiopylena Clopblynebas e i, ofsabostc,008 Lac M cof ahout
dis per santy53,600f 4 MgVC B abdit I MM, dfsabole @88,ta0 efhylens aeteBOf dhoutd2ba UE. ¢ .aBout o
about 2. 5,288y Mitier $81 oy abottaovea A onirerdD oiBsdiutioradf dhis etlivishe-peonylonarsorolymer iseyepB®y oY r om
0.9 t o @bakssovngln GiE0 NAH minbral off fan emaunt ehithis bngegr paislee sufficieatto geoyide a mineral
equi val entoil sbiutioh &avipga Vel 100 @mbwmu@olm(n&/swd I(;g'sd?' s?'!‘f@" 'F%\f‘{"@t?s Ejg‘i‘a’f]‘ied
et hyl ene cbjfuoiayateeyinyl ipethter copelymesi REUTCRSIN erressant. The, ch“éP‘l&E‘ g@hﬂ@t’?ﬂ’ Jé

ol eagi noussolyinmatesdeterrainas an¢h e reselts ag e for in Teklg1 a5, GAMPARiN EXamBR 7 i ng t he

mul tifunctional viscosity index inprover additives of the instant invention
may 35 ®xhibit an increase in viscosity. This viscosity increase appears to
be due, at least in part, to chain extension and/or cross-linking of the
nitrogen or ester containing grafted degraded ethyl ene copol ynmer of the

I nstant invention. In order to stabilize the viscosity and retard or
inhibit _said viscosity increase of these oil conpositions the nitrogen or
ester cﬂhtarnrng grafted degraded et hyl ene copol yners of the instant

I nvention can be treated or post-reacted with a variety of materials,
particularly acid materials, to inactivate 40 a portion of the renaining
reactive primary am no groups or hydroxyl groups. This treatnent dimnishes
or retagds chai n-extension and/or crosslinking of the nitrogen or ester
containing grafted ethyl ene copol yner adduct. Thus, for exanple, the
adducts may be reacted or post-treated with [err]nonocarboxylic acids or
anhydri des, preferably acetic anhydride, or unsubstituted or [err]

hydr ocar byl substituted dicarbox- ylic acid anhydrides as disclosed in U S.
Patent No. 4,137,185; the sulfonic acidg of U S. Patent No. 4s 4, 144, 181;
and the [err] hydrocarbyl substituted dicarboxylic anhydrides, preferably
[err] hydrocarbyl substituted succinic anhydride, of U S. Patent No.
4,803,003. Preferred viscosity stabilizing materials are those disclosed in
U S. Patent No. 4,803,303, i.e., the C12 to about [err] hydrocarbyl

—yr o T e Y |




al’i phatic, saturated or unsaturated, and include al kenyl groups, alkyl
groups, and m xtures of al kenyl gr @ggssgsemBKY! groups, preferably al kenyl
groups, and can be straight chain or branched. Wien [err] is an al kenyl
group it is preferred that the olefinic unsaturation site be |ocated near
the anhydride, e.g., allylic to X, noiety. The radical X will wusually
contain 4 to 10, preferably 4 to 8 nore preferably 4 to 6, and nost 55
preferably 4 carbon atons and defi 2 (yc@rgogyll anhydride. The X
radi cal may be represented by taé¢s orrrunla SER Y 424 859 Bl H [err]
wherein € is selected fromalk and al kenyl ene radicals containing from
2 to 8, preferably 2 to 6, m)re réferably 2 to 4, and nost preferably 2
carbon atons. Preferably Z is kyl ene radical. The nost 10 preferred X
radi cal is the succinic anhydrl adi c &l berr], The X radical is
linked to the [err] group by a ér on t cﬁb‘bri"lmn'kagel The amount of the
hydr ocarByI substituted dicarb c acid anhydride conponent utilized is a
viscosity stabilizing effective agpunt. By viscosity stabilizing effective
amount is nmeant any anount whi chuig effective 25 to stabilize the

viscosity of an ol eagi nous sol ut of tg ?éexl ed & hyl ene copol yners,
i.e., infibit or retard the incr ein y.-co rer &extended peri od
of time of an oil solution, parti Iarly"amq:tl c:;ngentrgate of the

ni trogen containing grafted et hyrée e copolyners. Cenerally this amount is
fromabout 0.5 - 2.5, preferably - 1.5 noles of [err] to about [err]
hydyocar byl substituted di carboxykd*c acid anhydride per nole of unreacted

reacti vezam no group, i.e., secopdgry and/or pri mary am no group, of the
et hyl ene 30 copol yner grafted - a cH b@( ig 8cid n@erl al and
thereafter reacted with the polyi ne. h‘a x~en5| n termnation or

end- cappi ng of the nitrogen or e®tygr cont al"‘m ng'dg‘r‘a t ed tlegr aded et hyl ene
copol ymer which was preferé&pti al prepared in a mneral oil solution can
be condu# ed by subsequentlgy i ntfgqucing the [err] to about [err]

hydr ocar byl substituted di rboxyl§c acid anhydride directly into the
reaction systemused to prepare £af|ld nitrogen or ester containing grafted
et hyl ene copolyner, or it 35 caf<4e a sgp Q;ebnenol nt egrat ed reaction
step. Geperal |y, the nitrogen or 8t er ddnigigdidoagBaf t gl et hyl ene

copol yrre? is first produced by pggefdaring the grafte et hyl ene copol yner and
then reacting this grafted copol r wwth at | east one pol yam ne or polyol,
or with a mxture of carboxylic aC¢#d conponent and pol yam ne or polyol, or
with the preforned carboxylic aciconponent and pol yam ne or pol yol and
this nitgpgen or ester containing#rafted ethyl ene copol yner is then
subsequent|y reacted or treated wh the4® <12 ®o%aboW® [err] hydrocar byl
substi tuted di carboxylic anhydri in a2nd@ &pdi Bglor dhain extension
limting step. A viscosity stabilg 74ing effective anount of the [err] to
about [err] hydrocarbyl substituted dicarboxylic anhydri de is introduced
into thesheated sol ution containipg the QityQgeld Qr (L£ste containing
grafted et hyl ene copol yner and t reactf orf (f'é.r'?'lgd on f%r a period of
about 0.25 to 8 hours at a tenperature of about 100 [err] to 200 * C being
preferred. In order to fully corrplgte the reaction, it is generally 45

‘useful to utilize a slight excess,d . e. matﬁ)tﬂ 3 5 330 wrore usual |y about
1 to 10, “percent by wei ght of the €12 t o7 atsbus derr P hyd?ocar byl
substituted dicarboxylic anhydride. The entire reaction is generally
carried out under an inert atnosphere, $for exanple, afitrogen blanket.
This reaction can be conducted in a pola‘a'r' 0) 'ho‘f'i oI‘°a|’4'3' s‘bl vent, e.g.

xyl ene, toluene, benzene, and the i ke, conducted in the
presence of a mneral or synthetic |ub at E E E Al ternatively,
at least a portion of the [err]hydroca car boxylic

anhydri de or other end-cappi ng agent can be introduced into a reaction

m xture containing the grafted copol yner prior to or concurrently with the
i nt r oductss oOicoMPARNEVEDEXAMBIEBEe or pol yol reactant, and the renmaining portion
of the end-

An ethylene-propylene_copolymer having an_ethylene content of about 56%, an M,, of about 134,000,
an M, of about 82,000, a M,/M, of about 1.63, a M./M,, of about 1.21, a Shear Stability Index (SSI) of 26 %,
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cdppi ng agent can be reacted with the preformed, partially end-capped

nitrogen or ester containing graf Ep@ﬁél@gégqe copol ynmer. 55 The grafted
degraded et hyl ene copol ynmers and/or the nitrogen or ester containing
grafted degraded et hyl ene copolyners, i.e., the derivatized degraded

et hyl ene gappiryickening Eficibrieg (T.BS oRabout RBE I preparedeinthbularimeastor tuadbr de follavinged
W th the osohaitiongi ty stabilizing or end-capping agents descri bed herei nafore,
may optionally be post-treated by contacting said copolyners with one or
nore post-treatfing reagents selected 37 EP O #22 8p9 Bl framnthe group
consi stsi ng of Rorehr—oxide—berer—ex-de—hydrate—poromrtatdes—bojon aci ds,
esters of bor or} Reetterdnletdampon di sul fide, sul fur, [suBPur chl oPi des] al kenyl
cyani des, al delyRragtor Qletda®R, urea, thio-urea, gyanfdi ne, di® yanodli am de,
hydr ocar byl phds¥iteatess Fepd TimPcar byl phosphites, hydffcar byl Thi ophosphat es,
hydr ocar byl t hi PR SOM™bhosphor us sul fi des, phde¥phor s oxi :
phosphdti c aci d, Rdayick Fesiasnay irimb (Scki) atcSjdastestd 3/2/31450 | 0c ABBY.ON1488Y3hat es,

hydr ocar byl i sqtiTi TTS, cpoxides, eprsultrde§, Tl gdehyge o
f or mal dehyde- pr, et ogd e nol s. The
| 836 co

sanme post -tr eat|iMeyaneeagents are used with derivati 788 eth ol ymer s
prepargd from g Ewdmenat i on of pol yam nes and pollyol 249 tihey 122 when t he
derivati zed et HyPreseneopol yners are derived from|pol S 5 4718 when t hey
b tthe group
gbs,

,{th
are esters, the st-treating reagents are usual lly selgct ¢d
consisting of HotdfeHskPe, boron oxi de 10 hydrat¢, bQfbn hal |2(§ bor on
aQir}i's, esters OfS\fﬂ?PHP?(BﬂQ\I ds.. sulfur sulfur chldrides, p Osphor ug
sul'fi deg, phosphsidessesaxiFede Batecpoxi des, and epi sul|fides. Since post]-treating
processes invol V[Ig The USe 01 tnhese post-treallng fggagens sigg krjown
E;@
?

i nsof ar as appl}ji ":(gn to reaction products of hijgh ggl ectl an ggei ght
carboxylic acid j’l Ling agents of the prior digclogyres|and.2an rles and/ or
al cohol s, detaill q@,& giptions of these processds #erein|i spsisanedessary.

In 15 @sder to ja the prior disclosure procesqdes 3 STit i ons of
this invention, gﬂg?s)é?%feegﬁ'ﬁ%%?bﬁ?‘i?"?@ 45 edct ﬂé‘iﬁmt‘ H?QAB%Q dratio of
reactants, and the |like as described in the prior disclosures, be applied
t 0 the novela §dibR@Fhis iufdeGratéd dopalyiner Buestidit@deterine it§ prbpedtios Aga VI Bnprayar asitive.
di\sel 0se (1A porfich @Rihb Diflegraded B3 A'<E. eopdiypersiilized tontesting isr dissgeadtin StHENRPeipgrd oll o

t he corfPosd fornd@smindral tailisslutiony Thet anwant dijs&d comlymendissalvegl ingdie mingral ol i @p ampunt

3, 254, 025 efi@ti@56 pisiBe aHidFS ob SOtoBhaBY aliRmats Vig) ¢5KY) a1093G of 1$0 centistokes

3, 338, 832 (m2 B840F).0BB; miGerd B8 soieipn 2jsg coraing703 wh o obiumprats giny-acejaty ,gga*zf pour

3, 428, 561 poift, GBS Theg CG3 ICa Grankings Fimulglen, MRV (Mini Rptasy Q{E?@e@ﬁ) i |'|1f g,é'ds
clays i minsral oit ssivtionpp detanpiped padheresulty arp setdorh dhfablei%op CHURREFYe ™S &im ¢ he
acrylatin rea&esnt s of this invention and am nes); 3,639, 242; 3,708, 522;

3, 889, 318 EXAMBEES §3¥13: 3 470, 098; 3, 369, 021; 3,184, 411; 3, 185, 645;
3,245,908; 3,245,909; 3 24 3. 57 , ' poy 3

3,865, 740; 3IM9uOMALNE.poRo) B ;g;jé‘s%géf;:é%ngt%jcgmﬁfb&&@ %%Z? uncor an i

3, 551, 466;" ?b'élﬂ’e‘giﬁge - THIS LR coORPIRL 34T 73, 718, 663; 25 3, 652, 616; UK
Pat. No. ffTﬁﬁl “"Q? oo iymets 6 Braflsai by'dhirind b copbimerr BorRparaive ExEisle
processes iy gf??eﬁ\pg f%natnﬁwesﬁﬁnél:\ o iRt Ghol rRixdr 16 daeh WRRabdd EVUPBIyrdr boaing Set forth in

i nventi on, 1,09 +3& dgbied doBchinrs £61aBifidd ds Exsingled 981 1 [IT Tabie REThoCTUE1 8bd $8) bithawe
further aspgGliedOfopbiihérs 1aR BtérmBd oA tHEEREIO AL sét Upthain Tdbie 2iab r'Egamplesrd-BSt er
cont ai NN gegbaidie FulRERdRs] ineRll iy beniensCad by tagraied Eopblpmers st prerared iy deterinig
are usef ul e shedivohdsé UNBbdedgraded copdBhers/as vistasity iindpr mpeveraddiives.Eigse mineral oil
parti cul ardoptions 8/8@edphrgd bydigsoiviag)ini STRONRPaiseral iots greamnuntiof dagrpded eppalymer gyfficient to

ol eagi nouspréMeTAaSIhdrdl cinsolusiorciaviag a KM ist 100 2€ pii§-Ocrentisiolnasiin¥s % 106} 4 of thesemingralal

0i | sui t abdobtidns elseismtaind.4xwtci:0f fureratelyinyl agesptp copolymer ROBTRISE feprastaat: Be GG, MRV

pr esent *% rand TPit ohthpsemhinatih off $elytiens erprfipiermined a9 the restiss in, Lable % nkcase

| ubricating oils for spark-ignited and conpression-ignited internal
conbusti on engi nes, such as autonobile and truck engines, marine and

rail road di esel engines, and the |ike. Advantageous results are al so

achi evegy by enploying the additives of the present invention in base 35
oils conventionally enployed in and/or adapted for use as power
transmtting fluids such as automatic transm ssion fluids, tractor fluids,
uni versal tractor fluids and hydraulic fluids, heavy duty hydraulic fluids,
power steering fluids and the like. Gear lubricants, industrial oils, punp
oils and other lubricating oil conpositipdns can al so benefit fromthe

i ncorporation therein of the additives of the present invention.




THus, t'he additives of the present invention may be suitably incorporated
into synthetic base oils such 40 asEFa+h gR|Ers of dicarboxylic acids,

pol ygl ycol s and al cohol s; pol yal pha-ol efins, pol ybutenes, al kyl benzenes,
organi c esters of phosphoric acids, polysilicone oils, etc. The nitrogen or
ester containing grafted degraded et hyl ene copol ynmers of the instant

invention are oil- soluble, dissolv elinoil wth the aid of a suitable
solvent, or are stably dispersible in. heotgrgs oi | - sol ubl e,
di ssolvable in oil, or stably dispe e inloif @s~hat termnology is

used herein does not necessarily 45 dlcate that the materials are

sol ubl e, dissolvable, mscible, or cdpable of being suspended in oil in al
proportions. It does nmean, however, o h the additives for instance, are
soluble or stably dispersible in oi g—é%an e>lt eqt msgfi cient to exert their
i ntended effect in the environnment i ch tthemof~l & s enpl oyed. Moreover,
t he addi¥i onal incorporation of oth ditives may al so permt

i ncorporation of higher levels of a pag&ticular copolyner hereof, if
desired. 50 Accordingly, while a ffective anount, i.e., dispersant
or viscosity index inproving - disper t ef gecgi gegamount, of the
additives of the present invention c e i nCproRared into the fully
formul ated lubricating oil conpositiohsit i & cdnBefl ated that such
effective anount be sufficient to prqyife said |ube oil conposition with an
amount of the additive of typically ffom about 0.001 to about 20,
preferably about 0.01 to about 15, morg preferably fromabout 0.1 to about

10, and sost preferably from about 0.2%to about 55 5.0 wt. % based on the
e

wei ght of said conposition. The |ubri@ed}ing %I §cEn§osi tions may al so
lu i & ad

contain other conventional and wel | @ ditives of the types
and in anounts described hereinafore. #22' 859 B1 Furt hernore,
the nitrogen or ester containi grafE degraded et hyl ene copol yners may
be formuksated into oil concentrigte conpositions, which concentrate may then
be added to oil conpositions. pi cald,®, such oil concentrates contain from
about 2 to about 49 w. % preferabl yof®f om about 3 to about 25 w. % of
said nitrogen or ester containing grargpd deg ageg & hyl ene copol yners in
oi\.y e.g., mineral lubricating oil, a¥Epsed ¥ fhR ®otal weight of the
concentr#t e conposition. The foll ow xanpl es further illustrate the
present invention. The exanples are ented by way of illustration and do
not limt the invention thereto. Unl es$ otherwi se indicated, all parts and
percentages are on a weight basis. 1 ARATI VE EXAMPLE 1 An

et hyl eneypropyl ene copol ymer having ¥kt hyl ene content of about 56% an Mwv
of about 180,000, an M of about 112, , a fS about 1.6, a [err] of
abolts 1.2, a Shear Stability Index ( of ott 5@ % and a Thickening
Efficiency (T.E. ) of about 3.52 is pr@phred in a tubular reactor under the
followi ng 15 conditions: F Reactor Inlet Tenp.

(33) 40 0 20 React or l et &Eenp. o

(128) 53 Si destream Feed Te% R (26)
-3 Catal yst Prem x Tenp. (37) 3
‘Reactor Residence Tinme (Sec.) at Sidestyeam 1 2[3/4/5/6
'0.310.56/1.0/1.11/1.22/1.34 25 ﬁwl et Fee#® Rates

Kl b./hr 4 t/h Hexane N oA 177
80. 18 Et hyl ene. _ 2 1.06

0. 48 Propyl ene o 18.2

8.24 0.042 0.02 30 [err] 8% 2 % o

1.09 - 0.49 ' ggggg

s5 COMPARATIVE EXAMPLE 12

An ethylene-propylene copolymer having an ethylene content of about 56%, an M, of about 180,000,
an M, of about 112,000, a M,/Mj, of about 1.6, a Mx/M,, of about 1.25, a Shear Stability index (SS) of about
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Sweep Hexane 9.9 4.48

Si destream Feed Rates " EP 0 422 859 B1 (Kl b./hr.) Kg/ h
Hexane ' 88 37.84 35
Et hyl ene 8.8 4. 00
Propyl enesp %, and a Th|cken|ng Efficiency (T.E.) of about 3.45 is prepared in a tubdlat reactor under the folla¥ir@4
Tot al HeX&hditions: 275 124. 57

Si destream Feed Splits (W.% Sidestream 1/2/3/4/5/6

7.717.7/32. 4/[IZ7ATT6. 97207 40 A portion of thig undggr ad=d co-npl yner is

t est ed st 0 det|ermi-Re—-ts—properties—as—a—v——+rprover—additve—Thel portion
of the undegraﬂ@dﬁogﬂlﬂemPE copol ymer wutilized for Best i n; i s9i sso| ved in
S150 NRP mi ner Beactes Qutletdemgr m a i neral oi |l sol ufi off® The t of paid
copol yner di ss8ipestepm Fpod feMRyi neral oil is an a unt26 ffec |ve' to prpvide a
mineral oil soPURYSHFeNXJPRE a Ki nenmatic Vi scosi | 10086rc1q of 13.0
centi stbkes (|mBéastoxReblabies Time. (S6b!) atSidusweamal3ide ol 0.8/.6611 0. 518122088 ai hs 0. 4

w. %of fu —acerate. copol ymer _pour pol n epr §ssan Thg CCS
(Cold Cranki FE@"“’ ) MRV (M 4 >":’“*a-r—5—3,4—s-eﬁ-en=e(t'—qeb&—paﬁd-4pa1+e+-this

m neral oil soHeseon are determ ned, and the regul 1% are $et #dfth {n Table
| as " Qonpar &t Figer®xanpl e 12". MRV (Mni Rotary|Visddetel), i%%8det rmi ned
usi ng & techr| Beevielescri bed i n ASTM D3829, and feaslf%s visco®?y ih
centi poi se. mas deternined at -25 [err] C. 30 °'°;€?CS ( Col 1%}ra1ki ng

Si mylator), ikAEEeERfkned using a technique desqri bef® n $AE \ﬁ 0 Appendi x,
aIQF/I s a high §“@3r”emn§COSITV neasurenent in cedtiporse. fhis test {s
relategpto a siaést@mmgmleé S resistance to colld engine gtarting. The
hi gher the
TP-1 is deter
essentially t

ne greater tne oil s resistance [to gpld engi nggatarfing.
u5| ng a technique described iln A3t DA684. 4ldai s | s
as the MRV noted above excqpt §pat a|sl owgaool ing
cycle is used j‘:é%s@‘, le is defined in SAE Paper| Noeys 850443, 15s7K. 0.
Hender #on et CCS and TP-1 are all indi gatTve )5" e éﬁ'&
temperature v §l§’9ﬁ@@m Feed SPlip, . 76) Sidestipam|/p/3458 1 o | 1 7 T/32 4143169507} lli ty
| ndex (SSI) measures the nechanical stability of polyners used as V.I.
i Nprovers i Ny pdrionlof dfcotivichs-propyitng copolymencis essiell @ dieitegrhine tisr effiqacy &st adscosity éndex
di\esel f ughprévei il AtudRdatingal compaition’B BE DOG4Gyiscedly gradgfoniining 9.68 Y %af this
equi val®nidegrajeDivyieribpid@jiens Eapotjeter i h2net. BStandard dotgsasny inkibitoy pagkage.tasd 0.2) wt. %
di ssol ved fintrato sityl tandtite chwiyeneo pbur (Polot depxeseapt is, preparsd] Then KV dKisamatic Migcopity) at
neutral ) t100°®, incdentisiokes, OGS MR/ ang THf1 of WQ)O"@&‘P“I'G'('F‘P«S'P‘PT“"E“ andhibe Hsps AR 9t i on
i's then ciforpid Tebe@- t hr ough a diesel fuel injector, for a total of thirty
passes. .. The SSI is calculated fromthe initial 100 C kinematic viscosity
(V1), tHe EXAMBAE 18 nermti ¢ vi scosi ty [err], and the base oil viscosity (Yb),

as §Si (% 5 =100 X [errg{A ref%rence sarg)le éjaspgle Iof m ,:?i:RIEQANPLE
I

met hod) is u'E'@de'PQB““@aFPWP
resi stancézdﬁdeﬁ 'Pc“%)wﬁﬂ'fta& Le 'C’ycf‘"gr(ga |on Atgrg rutﬂg’" orces.
The hi g‘beralrla |s de rade é o$ o |s 5 abdut ﬁ:t% Atlnl?ncgfﬂﬁ il Sdhesini dpl €
isto thé)ﬁeg b% AdHepebpitbrel oy, 1450 Bt )% ofithe
used her ei dé I ART\ OE WXANBLE RE!81d.2106t. 8 bdDthe same
pol yi sobutfx,'i?a«? yrﬁur poﬁo d:lﬁ'dé&eé%&ntl%‘ém& (N COMPARATINE. EXSMFREN 2t ione
N), havi NG, al‘l'l 'KV.%US VRRITRI oMb ginéonipbsitidh afdStertisdLidnd ate résditd &vé et @rth a
sol vent e ﬁﬁ-ﬁ-ﬁ‘etgad neutral nineral |ubricati ng oil, having a viscosity of

150 SUS at 37.8 [err] C, a viscosity index of 105 and an ASTM pour point of
0 F, (Sol vgoMpAERBIVEEMAMPUE)14t 0 a viscosity of 12.4 centistokes at 98.9 C to
the wei ght percent of a test copolyner required to thicken the sarre o I

the sane vi saosihjlgnedropyire mpotymer basingrantethylene qontent qf gbquipet, & Mwpt @bqu g i
a 15 coffvemiMyus abousai000, aribMiof @basht.60; 8 M-Mg ohaboel(1i38:# %‘Paflsﬁﬂ!?\"'iyd’é?ﬂ‘ Ljf:g"fof
vari ous gragcesandEXhidRineg EXiciencyH(E.Ep efreliont 3is Prpepd i diubyian geactgrunder g fo
COVPARATI| endBon/PLE 1 i s degraded in nol ecul ar 20 wei ght. Th| S degradatl on
conprises shearing the copolyner in a Brabender m xer, under an air

at nosphgy e




at* el evated tenp
by shearing the
resi dence tine i

erat ures.
copol yner of Conpar,
n the m xer for eac

Five different degraded copol yners are prepared

b énel e 1 with the tenperature and
degraded copol ymer being set forth in

Tabl e 1. These degraded copolyners are identified as Exanples 2-6 in Table

1. The T.E. and

results are set
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EXAMPLE 15

(33)
(99)
Cat al yst Prem x Tenp.

Theesmeining petion; shopicR00 prapms. of dhacundegradeds copalympraof
1y i dograded nymalgeplar waightle a Ll
150 * C for about three and three quarter hours.

l}i&d ed copolymer is determined to be about 25%. A lubricating oil com
iscosity grade containing 1.10 wt. % of this degraded ethylene-propylene copolymer, 11.20 wt
dB.L1 wt. % of the’s

8si

of the same detergent inhibitor package as in COMPARATIVE EXAMPLE 12,
fumarate vinyl acetate copolymer pour point depressant as used in

0 Rea
37 Sidestream Feed Tenp.
o) I MPLE
MPQM-'/- \Aécgfé under

..of about 2.04 by masticating in a laboratory masti

ctor Qu

AATIVE EXAM

tl et

a&ﬂlon of
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PIELE? is

prepared. The KV, CCS, MRV and TP-1 of this oil composition are determined, anc_l the results are set forth
in Table 3. ' )

COMPARATIVE EXAMPLE 16

45

This example illustrates a conventional ethylene-propylene copolymer falling outside the scope of the

50
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instant invention. This conventional ethylene-propylene copolymer has a M, of about 80,000, a M,, of about
153,000, a M,/M,, of about 1.91, a M/M,, of about 1.88, an ethylene content of about 44%, a T.E. of about
2.8, and a SSI of about 50%. A lubricating oil composition of SAE 10W40 viscosity grade containing 0.85
wt. % of this conventional ethylene-propylene copolymer, 11.20 wt. % of the same detergent inhibitor
package used in COMPARATIVE EXAMPLE 12, and 0.21 'wt. % of the same fumarate vinyl acetate
copolymer pour point depressant as used in COMPARATIVE EXAMPLE 12 is prepared. The KV, CCS, MRV
and TP-1 of this oil composition are determined, and the results are set forth in Table 3.



[err] 1.26 0. 57 Sweep Hexane

6.5 2.94 20 Si dgpio'agsdBed Rat es Hexane

61 27.63 Ethyl ene 4.1
1. 86 Propyl ene : 7.1 3.22
Total Hexane 206 93.32 25

Si destream Feed Splits (w 79@\ Si destream 1/2/3/4/5 10.9/31.2/15/17.7/24.7
A portion of this undegrad@d|copol yner is tested to deternmine its
properties as a V.1. inprdle¥] additive. 30 The portion of the undegraded
2.61 TSE. copolymer utilizéddfor t&tin@is di8solv&d in 850 NRP nineral
oil to forma mneral oil B&uti on® The%anount %f sQid copasl yner di ssol ved
in the mneral oil is an nt ef fective to p'&‘ovi d8 a nireral oil sol ution
having a Kinematic Visc [agfr] (KV) .at 100 [err] C of 13.0 centi stokes
(err). This mneral oil solution also contains 0.4 w. % of fumarate vinyl
acet at & copol yner pour poi n@depressant. The CCS (Cold Cranking Simulator),
MRV (M ni Rotary VisconeteP)¥and TP-1 of this mneral oil solution are
determ ned, and the result§8re set forth in Table 2 as "Conparative

Exanpl e 8". 35 EXAMPLES 9- {®]The r &mi nighg por 8 on, 8about 00 grans, of the
copol yngr of COVPARATI VE EX LE 82s d&raded®™0 ifk nol ecfil ar weight. This
degradati on conprises sheaging theSopolymer i & a B¥abende® ni xer, under an
air. atnosphere at el evat ed®t dnperatures. Three different degraded
copolyners are prepared by Shearing the copol ymer of Conparative Exanple 8
\M\'[J/’l the tenperature and rgsgdence tine in the mxer for each degraded
copol yner being set forth yngjTable 2. These degraded copol yners are
identified as Exanpleg, 9-1F¥%n Table 2. The T.E. and SSI of these 45

degraded copol yners depeglmi ned Gnd @e res@ts & e setforth in Table 2
as "Exanples 9-11" r ect®d'y. Fthef}rore, M ner® oil $olutions of

t hese degraded copol rs gr prepared to determ ne the effectiveness of

t hese d&graded copol yners dgNvi scosity.index inprover additives. These

mneral oil solutions are pr&pared by dissolving in SISONRP mineral oil an
anount of degraded copol yner@sufficient to provide a mneral oil solution
having a KV at 100[err] C o8&3.0 centistokes (err). Al of these mineral
oi\ssol utions al so contain wt. 86 of Yumaragg vi @yl ace@ate copol yner
pour podPnt depressant. The®ES, MRG and JP-1 ot,:the.ae m negal oil solutions
are determ ned and the res set fortitin Table 27 55 427 EP 0 422 869
B1 An et hyl ene-propyl ene ¢ | ynmer havi ng an et hyl ene content of about 56%
an Mv of about 180,000, an e[rr] of about 112,000, a e[rr] of about 1.6, a
[err] of about 1.25, a Shessr~Stability qudex (%SI) of aboug 43 EP 0 422
859. B1 50 % and a Thicken Effi cﬁencyoz(T. E. » of about 3845 is pr epar ed

t

in St ubular reactor under the following conditions: .F ' C Reactor
Inlet Temp. 33 <« 0 Reactor Qutlet
Tenp. ;il 428 ¢ < 58 @
40 ™ o~ N N ~
f9 3 33 a4 £
g’.&’ - g.&’ 3 3
) 1 |
50
COMPARATIVE EXAMPLE 17

This example illustrates a conventional ethylene-propylene copolymer falling outside the scope of the

instant invention. This conventional ethylene-propylene copolymer has a My of about 80,000, a M,, of about

s5 153,000, a M,/Mj, of about 1.91, a M,/M,, of about 1.88, an ethylene content of about 44%, a T.E. of about
2.8, and a SSI of about 50%. A lubricating oil composition of SAE 5W30 viscosity grade containing tt-us
conventional ethylene-propylene copolymer and 2.0 wt. % fumarate vinyl acetate oopolyr.ner pour. point
depressant is prepared. The amount of this conventional ethylene-propylene copolymer dissolved in the

46



Si'destream Feed Tenp. 26 -3
Catal yst Prem x Tenp. 0422 858 B 37 3 10
React or Residence Tine (Sec.) at SlJ’strean11/2/3/4/5/6
0.3/056/1.0/1.11/1.22/1.34 Inlet Feed Rates

Kl b/ h lubricalify dia¥ am @mount effective to provide a lubricating oil composition having a KV at 1002 ¢ f 10
80. 18 Et hylcailistokes. The CCS of this oil composition is determined, and the results are set fort) Table 4.

0. 48 Propyl ene : 18.2 _ 8. 24
VCl4 COMPARATIVE EXAMPLES 18-19 0 042 0. 019
[err] s 49 Swee xane

9.9 Theagpaimer of COMPARRATRME E%L'Eégds R%gﬁggd qu%g lar weig Thls egradation
88 compriges drgrading, the carolymer under an air atmosphere in a commerclal masticator at a temperatur% 8

4. 00 Pr Opyl%ﬂé C for a period of about 3 to 3.5 hours.

34
Durlng the course of the degradatlon reaction two dlfferent les gf degraded ly Qe
Total Hexa %&ples are |dent|f|ed af% rative

Si destref ‘f‘%'e rﬁgtgq
R e ppg,m,%, f“%gé?‘% L

is tested t BMEPES ook én'a tnegpaégva'asd bt ©
A lubri cat 'd%e r:z% v SO sgglef j .11 |I‘é'0l§ﬁﬂ§ L Yrdpbrad1By Gi0SRNAG M iBer) b3
w. % of .t b Iﬁﬂ& I ﬁorkﬁovﬁng iNGIR loil solutior? Ravitly -a K0 & t1eor@agido

det er gent | Jap kqurnzl §C1 OfhesMierar atlsolifions Ysb diMBdn@inc0.2 W YA offamérath Qinyl acetate
copol yner Ryt bl pblRtRieSiossaii The TCB 0P hddetthineral B sdiorslié AeMinbd andi tBCioglts Yot

at L00[ err J b ih Tabieldds "Ebif vo lampledvidMoangpetively. of this oil conposition are
dwrm ned and the results are set forth in Table 3. 35 EXAMPLE 13 The _

remai ni ng portion of, about 500 grans, the undegraded copol ymer of
COVPARATI VE EXAMPLE 12 i s degraded in nol ecular weight to a T.E. of about
2.0 by masticating in a | aboratory masticator under an air atnosphere at
150 [err] Cfor three and three quarter hours. The SSI of this degraded
copolymer is determned to be about 25% A lubricating oil conposition of
10WMI0 quel ity containing 1.07 w. % of the degraded et hyl ene-propyl ene
copolynmer, 11.20 wt. % of the sane detergent inhibitor package as in
COVPARATI VE EXAMPLE 12, and 0.21 wt. % of the sanme fumarate vinyl acetate
copol ymer pour point depressant as used in COVPARATI VE EXAMPLE 12 is :
prepared. The KV, CCS, MRV and TP-1 of this oil conposition are determn ned,
and the fesults are set forth 45 in Table 3. COVPARATI VE EXAMPLE 14 An -
et hyl ene- propyl ene copol yner havi ng an et hyl ene content of about 56% an
[err] of about 130,000, an Mh of about 81,000, a [err] of about 1.60, a
[err] of about 1.30, a Shear Stability Index (SSI) of about 30 % and a
Thi ckenipg Efficiency (T.E.) of about 2.4 is prepared in a tubular reactor
under the follow ng conditions: 55 44 EP 0422859 Bl *F Reactor Inlet

Tenp/ _ 33 0 Reactor Qutlet Tenp.
99 37 5 Si destream Feed Tenp.
23 -5 Catalyst Prem x Tenp. 48

9 React o Resi dence Tine (Sec. ) at Sidestream 1/2/3/4/5
:0.56/1.0/1.1/1.22/1. 34

50

65
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I nl et Feed Rates Klb/h Kg/h 10

Hexane . EP 0 422 859 B1 139 62. 97 Ethyl ene
0. 49 0.22 Propyl ene : 5.57
2.52 [err] 0. 039 0. 018
[err] : 1.26 0. 57 Sweep Hexane

6.5 2.94 Sidestream Feedﬂ}at es Hexane

61 27. 63 Et hyl ene X 4.1
1.86 20 Pr opyl ene O v 7.1
3.22 Total Hexane (Kib./hr.) o® 206 93. 32

Si destream Feed Splits (WM.9% 3igestream 1/2/3/4/5 10.9/31.2/15/17.7/24.7
25 A portion of this undeg d ethgl ene- @ opyl e@e copolynmer is tested
to determne its efficacy as ayyipcosityg i ndexyi nproer additive. A

| ubricating oil conposition of 10W0 vi scosity grade containing 0.90

Ww. %d% this undegraded et hyl eﬂ?—propyl ene copolyner, 11.20 wt. % of the
sanme detergent inhibitor packagexas used in COVWARATI VE EXAMPLE 12, and
0.21 wt. % of the sanme furrarat@ﬁ nyl acetate copol yner pour point
depressant as used i n COVMPARAT EXAMPLE 12 is prepared. The KV, CCS, MV
30 and JP-1 of this oil corrposﬁ n are determ ned, and the results are set
forth in Table 3. EXAMPLE 15 T emai ngng porgi on, @out 500 grans, of the
undegr aded copol ymer of COVPARATI VE EXAVPLE 14 is degraded in nol ecul ar
WEIgDI to a T.E. of about Q.04ylnmasticating in a |aboratory masti cator
udeér an air atnosphere atgl1l50 [err] C for about three and three quarter
hours. sdhe SSI of this de@@aded copolyner is determ ned to be about 25% A
| ubricating oil conpositi of 10WI0 viscosity grade containing 1.10 wt. %
of this degraded ethyl ene-prop e copdl yner ,811. 208u¢. % of the sane
det ergent inhibitor package as T n® COMPARATI VE EXAMPLE 12, and 0.21 wt. % of
the sane fumarate vinyl acetate copol ymer pour point depressant as used in
COVPARAT| VE EXAMPLE 12 is pr-epared. The KV, CCS, MRV and TP-1 of this oil
conposition are determ ned, and the results are set forth in Table 3.
COVPARATI VE EXAMPLE 16 45 This efanple jl lustrgtes agonventional
et.hyl ene- propyl ene copol yner fal F{ng ougsi de tlle scope of the instant
i iegntion. This conventional ethylene-propyl ene copolymer has a [err] of
about 88,000, a [err] of about 153,000, a [err] of about 1.91, a [err] of
about 1.88, an ethylene content of about 44% a T.E. of about 2.8, and a
SSI of about 50% A lubricating oil conposition of SAE 10WO0 viscosity
grade containing 0.85 w. %of this conventional ethylene-propylene
copolyngr, 11.20 wt. % of the sanme detgpgent @ phi bi §qf package used in
COVPARATI VE EXAMPLE 12, and 0.21 wt. of thel<ane fHutarate vinyl acetate

n

is

55

ab

copslynmer pour point depressant as us ARATEEE EXAMPLE 12 is
prepared. The KV, CCS, MRV and TP-1 of i co ition are determ ned,
and the results are set forth in Tabl 0 422 859 Bl 5 55
153,000 a MV Mh of about 1.91, a MIM 1.88,"an et hyl ene content
of about 44% a T.E. of about 2.8, and a SSI of about 50% A lubricating

oi I conposition of SAE 5WBO viscosity grade containing thi convlenti Rn%l

et hyl ene- pr ofyy liestralod by, Bp Jainin Tables ??-O?"\ﬂm??g@ﬂaf'?{‘gcéf?te@yv W??Vgﬁeeﬁf’gf %’“?3'2) DRk Ter
pour poi ntnarrow MWD does not significantly affect their ability to provide u e-oul cqmp smon_s. exhibifin g d"CCS.

4 Thus, for example, as illustrated by the data in Tables 1-2 lubricating oil compositions contaun!ng .mlldly
degraded copolymers (Examples 2-4 and 9-11) exhibit substantially the same CCS as a lubricating oil
composition containing the undegraded copolymer (Comparative Examples 1 and 8). -Furtherr.nore, .as
illustrated by the data in Table 1, even the substantially degraded copolymers of the mstant.mv.entlop
(Examples 5-6) provide lubricating oil compositions exhibiting better or improved CCS than lubricating oil

50 compositions containing undegraded conventional non-narrow MWD eﬂ'lylene-propylerle co;?olymers (S).om-
parative Example 7). Also, as further illustrated by the data in Table 3, |ubricat||?g‘ oil compositions
containing the degraded copolymers of the instant invention (Examples 13 and 15) exhibit better CCS than
a lube oil composition containing a conventional non-narrow MWD non-degraded ethylense-propylene
copolymer (Comparative Example 16). .

65 For purposes of the present invention, mild degradation is a degree of degr.adatlon of an_ethylene
copolymer resulting in a degraded copolymer which provides an oil composition havn}g_ a CCS which is not
more than 10% (10% or less) greater than the CCS of an oil composition containing the undegrad.ed
copolymer. Substantial degradation is a degree of degradation resulting in a degraded copolymer which

48



depressant is prepared. The ampunt of this conventional ethylene-propylene
copol ymer di ssolved in thé& A6 ER:fo 4328 Bl lubricating oil is an
dnount effective to proevide a |ubri ca?i ng oil conposition having a KV at
100[err] C of 10 centistokes. The CCS of thi;s oif conposition is .

det er m ned priaék &h6il SoRposifich haviy & €S fradrd thai N0 aedater than GENFOSRI(TAN\G dBMPOHHOES
18- 19 5 Theomapa) sierandegradddDpoiintaT I THEs, X AkdRiple tHs/degadeticeppelytesl of FxampleSde milgly
wei ght .  Thidagrekdg rsintka the @iferenuepin CSS detereayr dllciompositibns coutgining, seid degraded: copelyragrrand

at nospher e thenurdegraistrepmiyarer niaGinpaativer Example 1tie 1PRe rondass ¢1-9676).19m6thp otheq handithe g
peri od of alegraded3opalyndr Bf lFmample 6 [y subsigntialyedegeadeds singgf the [dilfergrcg i F41S; Refveon oll
reaction t wemplsftibregantaining seith degsaded copelymercRsd thediperoyadedt copphemer oF (PRPRIERIARETPI® m
t he react or! inmogitiian dp%(t848).ages of the reaction. These sa {gss are

i dentified asTheoi#sdip Jebled "%‘ﬁgg@é d&%@dw"i%cma?ﬂgah@"ﬂ ‘”?B ) oy 't'%‘gf’p{ °
t hese degr £QRWMEBTHFPSATaYe &sighjiicant delgterioys Affact gn foa (CR atjuhe ol op %°§'f'%\:§_‘g%'{:§'_'é"§g o
forth i nfoTzieeraded cerqlymais, MZPUs Hbe, Sff oFOMpPEtions, GIPRINE Sy SRS gqua qﬁ y
cont ai ni ng cf’l’f?é“é'?'sdegraded copol ymer sanples are prepared to determ ne the

effectiven%§2N@LE£$ese degraded copol yners as viscosity index inprover
addi tives. neral oil solutions are prepared by dissolving in

mneral ol lpue a0 308 a RR ARG Ngraded ihyien6-Plopyidhe ROSNINSE ofthe
m neral ol i _having a KV at 100 [err]C of 10 centistokes (err).
These m neral ppj ylﬁgjp%ﬁl%%oﬁggﬁﬂr Reving 6P BthydnB cbhteht Yitabout W, f6,| Bthickéning \effiigrcy
acet at e COPR@IEY BPsboRRW, arPS8I 0t abORR26% SEc of alldie 113(060, @h M, lobbeut 70,008 aM,/dk, bf about
sQl yti ons i e, dft £FIMN6rEbeun 622, Repréparmsd IntaStutsiat reb@drtuhder the Tliding cbnditions:
"Conpar agd ve Exanpl es 18-19" respectively. 20 25 35 40 46 50 55 47 EP O
422 859 Bl narrofv MWD d0eS not signitrcantly affect thesr api 1 dgy t%}

1 f l e, as

provi de | ube oi | fconpositions—exhi-biti-Rg—geed—CcST4—Fhrus1For—exa
i | lustrated by thdeatr dlst Terabl es 1-2 | ubri cating loi I3 onpopi t Pons
cont ai ni ng il dl | Reectar Qs Temmpol yer s (Exanpl es 2-}4 af®i 9- 1)) 3xhi bilt
subst ant eml | y t hg SidgshearcEediema: | ubri cating oi l cgrrrpo ti on| coft ai nijng t he
undegr aded copol yeervgtEmmbalemPi ve Exanpl es 1 and irtheknpPe  ad
illustrated by teeskidrRedidbndettihé(She.) £ Biassrbdie1/2/8is t [ant0.581 l0y1.dieg2/ ke d
copol yners of thegTmsta TTIventT oM ( EXanplr €5 5- 6 royl,de [ubrj.catiing oil
Cdg_‘pogi ti ons exh llﬂl?tiF?ﬂ? H‘?@Pf er or | rr}\r m“rnrg CCS th) .p! o -cat ng{’hg } 58
conposi t Pbns conl aiekdnag undegr aded conventional non- nd8 row MAD7-67
et hyl ene- pr opyl eh&Etrybpol yners (Com parative Exanp| e g% Al ko, 988 further
0

illustrated by therapyleee i n Table 3, lubricating oi] c si ti oRS2cort ai ni ng
t he degraded cop¢l¥eers of the instant invention (Exa s 13 99 15
exhi bit Qetter CLRAGbsk@: | ube oi | conposition confain 9 al co g nt ijonal
non- narr ow MAD ngrivgepiiexened et hyl ene- propyl ene copbly (Cpnpé&rati e

Exakpl e 16). 55 | sidgebwamFesdmsds of the present inyention, fild degrladation
is a degree of de¢gradatTom of armr ethytene copol yne[ result1Ng Jlasa degraded

N

copol ymer which priies an oi|l conposition having|a 5 which4igg nqt nore
t han 10%s4 10% or || r'o?' : reater than the CCS of an pil g£pnpositizen
cont ai ni ng the up g@%@ 206 93.32

Sidestream Feed Splits (wt.%) Sidestream 1/2/3/4/5 10.9/31.21517.7/24.7

About 500 grams of copolymer are masticated under an air atmosphere at 150 C for a period of about
2 hours in a laboratory masticator. The resultant degraded copolymer has a T.E. of about 1.55, a SSI of
about 12%, an M,, of about 71,300 and a M/M,, of about 1.52. N
Sixty grams of this degraded copolymer are dissolved in 240 grams of S100NLP mineral oil in 2 500_ ml
reactor flask under a nitrogen atmosphere while heating to 175°C to make a 20 wt. % copolymer solution.
50 Six grams of malejc anhydride are charged to the reactor in 4 equal portions, each portion consi_sting of 1.5
' grams of maleic anhydride. After each charge of maleic anhydride 0.15 gram of di-t-butyl pert?xude initiator
are charged to the reactor (total charge amount of di-t-butyl peroxide charged to the reactor is 0.6 grar'n).
The resulting reaction mixture is reacted at 170°C under a nitrogen atmosphere for 1/2 hour. The _reactuon
mixture is then stripped with nitrogen for 15 minutes to remove remaining unreacted maleic anhydm.ie. The
% maleic anhydride functionality (total acidity) is determined to be 0.107 meq/g. by stgndard acid-base
titration. The SSI of the grafted degraded ethylene-propylene copolymer is determined to be 12.2_9%.
“A SAE 10W40 quality lubricating oil composition containing 7.8 wt. % of the grafted ‘reactlon product
composition obtained as described above and a conventional detergent inhibitor package is prepared. The

49



copol yrer. Substanti al %r adat| on is a degree of degradation resulting in
a degraded copol ymer whic EP 42638 819 Bl provides an oil

donposSi tion having a CES more than 10% greater than the CCS of an oil
“conposition containing the undegraded copol yner.* Thus, for exanple the
degr aded Ka@@SyaerMRM of Bhislaiyicating oil sompiokititinyaredkdetprinksidand itheresultshare getfigriainfrble | n
CCS betwe&n oil conpositions containing said degraded copol yner and the
undegr aded copol yner of Conparative Exanple 1 is 10%or less (1.96%. On

t he ot her COMBARATIVEEEXAMBEE 2h ded copolyrrer of Exarrpl e 6 is substantially

degraded since the di fference in bet ween 05|t on contain
%E? E é'dﬁﬁ%rrpl e

sai d degradé'ﬂ's(% 'r‘f%lExa&PP!? '{'%Eat‘i?rﬁj yentiongl ot %Pped‘,‘ﬁ?af?'
1 is nor eSO “fdﬁ

n ro| e % an{ II;%FI on ha
e e e a‘gg?“ ﬁé%gﬁ%’ ?ﬁ S

conposi'l i GHE q.m ﬁg ; B3 B afif 9 %L Stk a5 A But 11665 88 b
ha$'a 0 ut

composi t i "’a"°° 0 66 iR %9 y, 34 GAPRIR/NE bavolbXAIPLE

20 15 e'r'?sf hét :ﬁiﬁ n’?a\efc ﬁﬂf&‘lé& hlﬂ)@tatﬂlﬁlﬁ ih %dcodﬂﬁlfeoaﬂlﬁ dhe

et hyl ene- Bfo@éaMJee&eEﬁBHQ %nﬁﬁe ‘Bfal hghhjdRad AiRktiohdkye (dtdl Gldidity]\'bf the grafted degraded
et hyl eng- BSfRMHbIGE Qetsraitiali YOTBY 0.008\heddy. B sBiidaid RiadasOivain] andfits S80S detbrinatl fo %
a thickenpgggskd.i ciency (T.E ) of about 2.6, an SSI of about 26% an [err]
of about 111a §AHi10wM0 dVlinokibritbting toil éemidSiton canthising JI 1.0 W.% b the glaftéd reagion progust r |
of :about %ordpbsitidnsobfinepas daekribed aboteldod tha sameetaps and ampubef conyentibrsl tlatexpentyinhibitor
C(U_Ij’l/'([) I ONpackatd ae@aatitin Examplec20 |§rwm3md The KV, GCS, and MRV of this lubricating oil comppsition are

0 Reactzor déarrined afidcthepresults are set forth in Table 5. 99 37 25

Si destream Feed Tenp. _ 23 -5 Cat al yst
Prem x Tenp. ' -~ 48 9 Reactor Residence
Time (Sec.) at Sidestream 1/2/3/4/5 “’g 0.56/1.01/1.1/1.22/1.34 Inlet Feed
Rat es ¥ Kib/h t/h 30

Hexane & 39 17. 67

Et hyl ene = b & 0.49 0. 22

Pr opyl ene Ea < o 5.57 2.52 [err]
0. 039 0.018 35 [err 3 = 1.26
0.\e7 Sweep Hexane - 6.5 2.94
Si destr'eam Feed Rates Hexane > 61
27.63 Ethyl ene aS 4.1 1.86
Propyl ene 7.1 3.22 Tot al
Hexane gﬁ $206 & 93. 32 Sidestream
Feed Splsits (Wm.% Sidestream 1/2/3 5 .9/31.89/15/17. 7/ 24.7 45 About

500, granms of copol ymer are nas®f cat ed\under an air atnosphere at 150 [err]
C fiyrs a period of about 2 hour® in a’$aboratory nmasticator. The resultant
degraded copol yner has a T.E abgy¥, 1.55, a SSI of about 12% .an e[rr]
of about 71,300 and a [err] of®abou .52. Sixty granms of this degraded
copol ymer are dissolved in 240 gra SLEIJ\ILP r&neral oil inab500m
reactor flask under a nitrogen atm).g ere %hile 2 ating to 175 [err]Cto
make a 20 wt. % copol yner sol ution. S grﬁms of al eic anhydride are
charged to the reactor in 4 equal pgrtl ons, each portion consisting of 1.5

45
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grans of maleic anhydride. After each charge of nualeic anhydride 0.15 gram
of di-butyl peroxide initfator are ghgagegse® t he react or (tot al charge
amount of di-t-butyl perOX|de charged to the reactor is 0.6 gram. The
resulting reaction mxture is reacted at 17Q [ert] C under a nitrogen

at mospher e EXaMPIE 22 hour. The reaction mxture is then stripped with
nitrogen for 15 mnutes to renove remaining unreacted nmaleic anhydri de The
mal ei ¢ anhydrinder feasiert vossehpiot Bjaced 450 prame |°Hgfe>ﬁy°q"!,c a@v@f’mgrféef' 9%9"198" e*h

nmeq/ g. by mwerarraacm Riodyetgempgsitionsfarafied cowhéﬂesg °"§P'“ q'i Lpr

ethyl enesp Rxe/Rle dgwmlslsglumt%mﬁ fitrog ° "'s
quality | utS‘P ‘I?

i jnic, anhydrice vm '
reaction pr ﬂﬁi?@?‘sﬁ% ﬂ isgoptaee "’% ,5 ga om?uﬁm ?ﬁ eaﬁal
det er gent Icsfqr dﬂfﬁ;% Ut 'lsg?)u Ien o ad d t th ;E%%Eﬁ er a

arg g/eR;/ O](‘)r Irﬁtq ﬁel & 14 r |‘3n by IES

en stré) ‘w1 h™ni %@E 6r§m§ﬂ *'i“'g?én{ Yi€doasahp| e
|| Tustrat eg, dq g né%ﬁec? N HEQ&OPW ‘iﬁl?thﬁ(? lo\‘ﬂﬁﬁtur a% Ui nfated. he
scope of thquhBg LP Ml bifid a Wthé @a ABOmBRR. PhIAdS NSUtieT Riving 8 KWwiat 100°C

mal ei ¢ anhy %ﬂ?centﬁt SNYRIED) 8RS niftdgal bshidinggriid Bdpfaded§ifyiensPropyisnk lcopdlymer is
out si de }shejehrRR t9be 2183%.1 Nst ant i nvention having a Thi ckening Efficiency

of about 2.8, paoWat qelityaleidating Qf ccordgdsi@snnydniaining 1025 ent% ef thebdiubd 4ebéton prddjct of
about 10 &QniRRiAg céinfosition] répaded s AdEribad fheve hndod carventionall dédergent imtiibitsr Padkagsf is
about/ 1. 88 prépamegrhader Cesdm\Gardi BB of this lubdoatingchil irermpositiorhare Heterpined andl the regyits
Exappl e 19.ardéeefoctietptabled. copol ynmer has a T.E. of about 1.20, a SSI of about
13% a [exr] of about 33,000, a [err] of about 62,000, a [err] of about
1.88, and 2COMRARATIVE EXAMPKE 28 78. Thi s degr aded copolyrrer |s then gr afted

wi th mal ei c anhydride substantially in accordance with t 9 th
Exanpl e 20. THeS ﬁamr%veaﬁﬁy'ah"&@rareawm@ﬁw?'t? Iﬁb egropyle $§ 'e t:
graf ted degicarecel thes instap dnvopion Which e Hograipch SFMPG W mglels 58 y Ry ey

aci d- bas@ tJigthylang gigming,, |ts SSl is ete
qual i ty I ubri a°f’ﬁ‘“ '°Eﬁ' thgy ey odil ,gs"ﬁmgs en{%Pﬁerﬁfb\El %out

reaction pr : gmom R <S@iBidi

and amount o Dl ﬂrgfa 1! h b& 8o el s weﬁkbbm ol
205 pre ab‘%ﬁas a w’f 6200 a WK, Of abo JRH%B i b IV, lofdboti1l78CONMPOSI ti on
are 20 déte %y';rﬁﬂé theh g’i‘&f@dw nfanctéﬂhydﬁdeTﬁbétﬁ\tlﬁly i Bccordarich® with 42
859 Bl EXA'V e 128.28Ke0 Malit Schdridd’ RingtioRdh§ itoldd GcigityR 06 thef grafiee degraded
succini ¢ an dn&ﬁ‘s &’ie?ﬁnh&ﬂoé@ﬁbﬁiﬁé&/@bhyﬂaﬁaﬂ-aciﬁ%@@ﬂfﬁ'ﬁﬁ reaction product
conposi tion %@Etrs&toe QBSRbIYAIE platdd 150! graiidl oft thed B)ccipic pbydddb graftee dsgradktinetieylenst h

the 5 prHCEEpyidie Mdactiol Praalict caihbosilidhi (Gratieall aspolyer iirsoilt sotetion) dhis selutiop is1thdh Heged to
under a nit 73 Erunddr FOMRPRGET imodphdra Ithiithis reaxtiart \@ssol are sdded AR @ramsché @ 59/30 gelutiar ofpf
a 5QL50 sol piljiseButerdyl fuodinic anhirikie (h¥ingsaioadtioriality ahdbpetriiddea polyispbuigge M of about 950, 2
functi onal i SaponificatdnONumbar. @512, &ng cdmaining aboud 12% wnremed:mtmb@s@ ang, S150NLP mineral
Saponi f i cat bibrThésshithg redctian] ixtugenid stiendt fori i M "@de'lﬁ" h750grent ¢ digthyjpne triamine are
pol yi sobut endspd &mitle SRGONINTXu pver a S-miute Pe!'?Fb hig La@ption ¢ ‘1’%5%3 dhen bigated for g pariod of
stirred for tB® Thefeactian mixiejs 1“9‘7§t’§i’°£rfﬁthd1‘t’° ?’bfPhg? h pare Bdde 0'1 0
the reacti ofib¢He gram ?I\f’@ﬁ’e"%{'ybs“"%'ﬂc &f: anmm i’%\ﬁdelas
then heat ed*ataipddor @r'f‘ § SI of |t? bdathin F\b)ﬁh E@ddg?\aded

t hen Stl’l é “tW‘f'ﬂ" 119 dto Str ‘%p I Ng O e reaction
m xture, e op 18%? m--e rlca o rmglg:‘%o E ﬂiﬁg 1§ 95 teOcihPBE b&RAG prafuct
m xture, and m |t| tt arm RibiE and>¥hb iof iceivbntional
SLOONLP m n |n| o pgrs a% Qse hﬁ} E&é?ﬁfet bO3 ﬂ?%p‘élteurﬁletlﬁl RIC8Y MRS add TP U itits)
having a KV |ca onl are determined, and the results are set forth in Table 6.
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of* 10. 70 centistokes. The SSI of the nitrogen containing grafted degr aded
et hyl ene- propyl ene copol yher is 1gP oleea@sg@ied to be 21.3% A 10WO0 quality
l'ubricating oil conposition containing 13.25 wt. %of the diluted reaction
~product containing conposition prepared as described above and a
conventional detergent inhibitor package is prepared. The KV, CCS, MRV and
TP-1 of this lubricating oil conpositjon are determned and the results are
set forth in Table 6. 20 COVPARATI VE"&XAMPLE 23 This Conparative Exanple
illustrates a conventional ethylene- pxopyl ene copol yner falling outside the
scope df the instant invention which \ns degraded, grafted with maleic
anhydride and then reacted with 25 hylgne trifgm ne. A conventional

et hyl ene propyl ene copol yner falli ngggt siQe the 'E,cope of- the instant

i nvention having a Thickening EfficFemncy off about®2.8, a SSI of about 50%
an et hyI ene content of about 44% a gerr] of about 80,000, a [err] of about
153, 000° a [err] of about 1.91, and [grr] of about 1.88 is degraded
substantially in accordance with the froce ure of Exanple 19. The degraded
copolymer has a T.E. of about 1.20, [err dg about 33,000, a [err] of
about 62,000, a [err] of about 1. 88E n;,,l_; err] gf about 1.78. This
degradggl copolyner is then grafted wth ei c arfydride substantially in
accordance with the procedure of Exan'@ e 20. The nual ei ¢ anhydri de
functionality (total acidity) of the frafted degraded copolymer is

dete,,m ned to be 0.098 neq./g. by st dard aci d-base titration. Into a
reagtor vessel are placed 150 ans t hedsucci fyc anhydride grafted

degr aded et hyl ene- 35 propyl engd rea n pgoduct 80rrposrt| on (grafted
copolymer in oil solution). Th solu.t\ron is then heated to 175[err] C

under a nitrogen atnosphere. Ihto thrg reaction vessel are added 42 gramns
of a 50/50 solution of polyisobutenyjssuccinic anhydride (having a
functionality of about 1.04, a poly utene [err] of about 950, a
Saponi ffcati on Nunmber of 112, and ¢ i ni go abou% 12% unr eact ed

1*2i ng reaction mxture is

pol yi sobut ene) and S150ONLP mi ner al ga Thﬁ resu
stirred for 30 mnutes. Then 1.75 g of Jdi et hy®ene trianm ne are 40 added
to the reaction nixture over a 5-m Butg period. This reaction nixture is

t e hegted for a period of time. Theé reaction mixture is- then stripped
with nitrogen for 30 mnutes. After stripping of'the reaction mxture, 1
gram of dodecenyl succinic anhydride is added to the reaction mxture, and
the reaction mxture is soaked for 30 m nukes. u:hfl cient S10ONLP mi neral
oil is added to the reaction mxture to prvi degd a {'sol ution havi ng a KV at
100[ errgC of 10.06 centistokes. The SSI q‘tlsre rogen containing grafted
degraded 45 ethyl ene-propyl ene copol ymer det ned to be 23.7% A 10W0
quakity lubricating oil conposi tion cont a| .% of the diluted
reacti on product containing conposition pr are s descrr bed above and the
sanme anmount and type of conventi onal det er gent i nhi bi tor package as used in

Exanpl e#022 is prepared. The KV, and TP-1 g] t hi S ol QL4 t|
conposi ti on Ay dlugiated by th%&ataarraa ' 5?@% p the sypelnic. a V ’ la?ﬂa %%ﬁ
o ngS o

51  EP (Propylongysepoly Teff A%"nsem, E%}g t,n idrid
2280|6y rr:a heeﬂyf%% F?ﬁo tym r d8 :ge(%ﬁa !‘ gjg,é{,rar A ){Jeﬁﬁbﬁalﬁsuo&mc
- 1 nal
graft edﬁde& n con ini %ﬁglj ﬁ v %%B a%%épﬁaﬁ éo'ga;rﬁéﬁ (Compantieon
provide | ﬁ%lg%)'?zﬁm butsidHE bé o htloh.d
Claims

50 .
1. A process for preparing an oil soluble ethylene-alpha-olefin copolymer useful as a viscosity modifier for
oleaginous compositions, comprising:
(i) preparing an intermediate ethylene-alpha-olefin copolymer in a manner known per se, said
intermediate ethylene-alpha-olefin copolymer comprising intramolecularly heterogeneous copolymer
85 chains containing at least one crystallizable segment of methylene units and at least one low
crystallinity ethylene-alpha-olefin copolymer segment, wherein said at least one crystallizable seg-
ment comprises at least 10 wt.% of said copolymer chain and contains at least 57 wt.% ethylens,
wherem said low crystallinity segment contains not greater than 53 wt. % ethylene,
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i nproved or better |ow tenperature visconetric properties (CCS, MRV and
TP-1 ) than conventional succinic £p e4g2888iBlke grafted degraded

et hyl ene- propyl ene copol'yners (Conparative Exanple 21) and conventi onal

ni trogen containing succinic anhydride grafted degraded et hyl ene-propyl ene
copol yners (Conparative Exanple 23) falling outside the scope of the
instant invention. Cains 50 1. A procgss for preparing an oil soluble

et hyl ene- al pha-ol efin copol yner usefufsas a viscosity nodifier for

ol eagi nous conpositions, conprising: (¥) preparing an internediate

et hyl ené- al pha-ol efin copol yner in a ngnner known per se, said internediate
et hyl ene- al pha-ol efi n copol yner conpwis ng Bht r anolgecul arly het er ogeneous
copol ymer 55 chai ns contai ni ng Q/I ea®y one & ystallizable segment of
met hyl ene units and at | east one |ow cryst aH ini ty?et hyl ene- al pha-ol efin
copol yner segnment, wherein said at |eggy one crystallizable seg- nent

conpri sé% at least 10 wt.% of said cop& ynmer chain and contains at |east 57

W . % et hyl ene, wherein said | ow crystagd ini seg t contains not greater
than 53 wt. % et hyl ene, 52 EP 0 42 9 B& propyfene copol yaers (Exanpl e
20) and the nitrogen containing succi anpydri deespgrafted degraded

et hyl engscopol yners (Exanple 22) of thgi nstant i nfention provide

| ubricating oil conpositions exhibitirg inproved or better |ow tenperature
visconetric properties (CCS, MRV and TR-1) than conventional succinic 45
anhy#t#ii de grafted degraded et hyl ene-pr 3 yl ene copoLyrrers (Conparative
Exa-_rjﬁ'l e 21) and conventional nitjgoge nt algli ng sg:ci ni ¢ anhydri de grafted
degr adedoet hyl ene- propyl ene copelfyne Compar ati ve» Exanpl e 23) falling
out side the scope of the instanidi nvention. Clains 50 1. A process for
preparing an oil soluble ethyl ene-al ph”fg— ol efin copol ymer useful as a

vi scosity nodifier for ol eagi hous co itions, conprising: (i) preparing
an internedi ate et hyl ene-al pha-ol efi iy @pol ynmer in a manner known per se.
sai d i nt¥rnedi ate et hyl ene- al pha- ol efq @ copa yner npri sing

i ntranol ecul arly heterogeneous copol 55 % ai ns containi ng at

| east one crystallizable segnent of thyl er® unitsiand at |east one |ow
crys;)al linity ethyl ene-al pha-olefin peél ymer segnent, wherein said at

| eas ong crystallizable seg- nment conprises at |east 10 wt. % of said

copol ymer chain and contains at |east 57 wt.% et hyl ene, wherein said | ow
crystallinity segnent contains not greater than 53 w. % et hyl ene, 52 EP
0 422 859 Bl wherein said internedi ate copolg/mar $a33 a nol ecul ar wei ght
distribution defined by a ratio of [err] of Tess@han 2 and/or a ratio of
[err] ofgd ess than 1.8, and wherein at Ieast"t’wo%éti ons of an individual

intranpl ecul arly heterogeneous chain, each rti onprising at least 5
wt. %.9f said chain, differ in conposition fr@m.o not her by at |east 7
W . %5 ethylene, and (ii) degrading said internmedi ate copolynmer to
obtain a degraded copol yner of | ower nunber average nol ecul ar wei ght (M)
than sai e i nternedi ate (unde rad&% co rgdltgngr. % PRl REE &{;gocﬁéHréyeE‘Qtﬁane-
i iAg il in -5 .1 1N ‘suctinic. i ! ]
(1:|0a| m g- i \émnegrgécﬁen%?:?fm@egs#@ifge % nEil fﬁeg fite E&?&on@ﬁﬂ?‘lb% : ic'. '%ﬁ-_ idb %ﬂe@%@éfﬁiﬁ
" ethylene copolymers (Example 22) of the instant invention provide lubricating oil composnthns exhi |.|n_g
improved or better low temperature viscometric properties (CCS, MRV ar3d TP-1) than conventional suc.cmlc
45 anhydride grafted degraded ethylene-propylene copolymers (Comparative Example 21) and conventlopal
nitrogen containing succinic anhydride grafted degraded ethylene-propylene copolymers (Comparative
" Example 23) falling outside the scope of the instant invention.

Claims

1. A process for preparing an oil soluble ethylene-alpha-olefin copolymer useful as a viscosity modifier for
oleaginous compositions, comprising: . ' u
() preparing an intermediate ethylene-alpha-olefin copo.lymer in a manner known per_se, sal_
intermediate ethylene-alpha-olefin copolymer comprising intramolecularly l:leterogenet_)us copolymer
55 chains containing at least one crystallizable segment of methy.lene units and at Iea_st one low
crystallinity ethylene-alpha-olefin copolymer segment, wherein Sald. at least one cryfialllzable seg-
ment comprises at least 10 wt.% of said copolymer chain and contains at least 57 wt.% ethylene,
wherein said low crystallinity segment contains not greater than 53 wt.% ethylene,
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3." A priocess according to claim2 wherein said nechanical degradation
conpri ses shear assisted oxidative gieghsxigdd®n. 4. A process according to
¢laim 1 wherein said degradation conprises thermal degradation. 5. A

- process according to claim4 wherein said thermal degradation is carried
out in the presmae sall intexyeith copdymes hasta melesvlerweight digtitutionydefingd by 2iraio of MyMa
cl ai m 4 wher ei rof bes thiant 3 annined ratites) MaMaiof loss thay 18a3di ed out in an jnert .

at mosphere. 7. whepincat desst twe portiefisrrl aﬂ@‘?&ﬁ&&ﬂfa'@%ﬁ‘fﬁﬂy heteragongpys 8“5\'&%??" i_ﬂ‘?ﬂ' i d
degradati on i s comprisingdt lgast 5iwh% o saig chaine fiffer i) pompgsition from one anofher By, dcB

accordi ng to clefviera aither ei n sai d degradatiqn conprjses ho i | )
A proces g accor(ilidegrading szid '"tﬂwe‘?!?t%f%'g'f‘?;g) °‘§a'%§?gg%%ﬂd l%ﬁé’aﬁg"eﬁ %gge? é‘@gﬁcf k WRragd
copol ymer of et™SjcularaveightiMa) than said intermediaty (4ideorad o

o8} P9 as an internol ecul ar
conposi tional dispersit uch that 95 wei %, 0f . sai ‘ -
chai ns haveé® a’® 5§F‘i°r‘%\q%‘iéa'0\‘/e1i YR 6r eﬁgésing 83%?%%%‘%?%??%3% rggacﬁﬁ%%deg%%ae
et hyl ene’°corrp6‘§"rti on. 10. A process according to claim9 wherein said

i nternol ecyl ap, conposit ' Irdi hahichiNGb3Adatibm EEApris e heyiadsiswi
cthyl ne. arh g;ig;i%ﬁagzgﬁéﬁﬁ%??{’hﬁﬁf B o b e e St oa d
copol yner 35 charns have a conposition 13 weight % or |ess different
from sai ¢l ayenapRedlaBibtdigto SSMRGhbioin@ad ddgtadation pormieessheioal degladatpnt 0 any of
-claims 1 to 10 wherein said low crystallinity segnent conprises from20 to
53 Wt . % etdylaeisbesstibcording toclfinn OF RisBoira s thelimal degeadationiisneatripd \okieln dhenpresenes ¢fow
crystal l'inityomggient of said undegraded copol yner of ethylene and at |east
one jot her a-olefin conprises from30 to 50 weight % ethyl ene. 13. A process
accor di ngp t® @Awpodsés abartingtolcldny 2 bP clainet whareins seidthermel degrpdationyp carmiedqyh i fn inert
conprises at laemsphets/ Wt. % et hyl ene. 45 14. A process according to any of
clainmse 1 to 13 wherein said undegraded copol yner of et _hglene, gnq.at@ Iegsée
one ot her a%olAcirdoassAaeordingRENYCT: SIPIEE Bk gnd Savherpin Srid peaxpdptiof frLaripd Ut N9 BSSS
[err] of lessof¢dtalysi. 5 and a ratio of [err] of less than 1.5. 50 15. The

process &cording to claim 14 wherein sajd undegr . of ethyl ene
and at | eas® JheP@eaTRpocydigy korqam F\é’gerﬂ" mﬁfegﬁﬁ%g'gf%gﬁ%gﬁaﬁ@kﬁﬁ "east one of

aratio of [err] of less than 1.2 j f tahdd @bolrfet of bifyéhe bnd at
lo 4 procets RengmeiR el e
i it Tftoh varagé tethylene

4 ﬂﬁ&cgaﬁ% %a?é 30 opgsﬁtogqﬁevﬁf $'l’;asiﬁ’gs. aTGY} Aopr ocegs accor gi ng

mi ni mum & hyl €8 Y
to any of clai FEPL TG 16 wherein said undegr aded copol yner of ethyl ene and
at | east ongq o B.%%esé‘h@éoﬁiﬂgf}o GRIFDS iwh6Sin Ghidlinfor BIGHIRN tontpesiives aiisperkityT ol Geid uhdegd
by at |east OngydalcopdiyinePst sthylofig and aftidabt SoDthBila-lbfinUscdunts that:95 (whight % M s3id [CEIRIRmer
wher ei n .and yaiad Kvé @ edingosiicRa8 isigitfe dr 16se dffereliiromispid h@ege sthylene composition.
crystallizable segnent, T conprises 10 said low crystallinity segnent
[erkl are t R A& pioBesdhcctiding 6 @i bf cains B whermip siié by covstalinity segment comarizgs s 29 2
are the sanme op sdimf Besteyneand each conprises a T segnent. "18. A process
according to claim 17 wherein said chain segnent sequences are

char act erdozagd Nyroséss acouding tol diaim1d wherpis sqigh low crystallinity segment of said undegraded copolymer
of ethylene and at least one other a-olefin comprises from 30 to 50 weight % ethylene.

-5

0.

13. A process according to any of claims 1 to 12 wherein said crystallizable segment comprises at least 67
wt. % ethylene.

45
14. A process according to any of claims 1 to 13 wherein said undegraded copolymer of ethylene and at

least one other a-olefin has a MWD characterized by at least one of a ratio of M,/M, of less than 1.5
and a ratio of M,/M,, of less than 1.5.

s0 15. The process according to claim 14 wherein said undegraded copolymer of ethylene and at least on.e
other a-olefin has a MWD characterized by at least one of a ratio of M,/M,, of less than 1.25 and a ratio

of M/M,, of less than 1.2.

16. A process according to any of claims.1 to 15 wherein said undegraded copo_lymer of ethylene and at
. 85 least one other a-olefin has a total minimum ethylene content of 20 % on a weight basis.

17. A process according to any of claims 1 to 16 wherein said undegraded E:opolymer of ethylene and at
least one other a-olefin comprises chain segment sequence characterized by at least one of the

-
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19. A process according to claim 18 wherein in said chain segnent sequences
said T' and [err] segnents are of gpyoslogabigdl | Y the same wei ght-average
nol ecul ar - wei ght. 20. A process according to claim 18 or claim 19 wherein
in said chain segnment sequences the sum of the 20 wei ght aver age
nol ecul ar weirgdtdrés: Of said [err] segnents is substantially equal to the
wei ght - average nol ecul ar wei ght of said M segnment. 21. A process according
to any of cl@i n®T to 20 wherein said undegraded copol yner of ethylene and
at | east one other al pha-olefin copolyner has a total ethylene content of
gr eat ers t har(il35% ofM aTkei ght 25 basis. 22. A process for preparing an
oil soluble grafted et h%l ene- al pha-ol efin copol yner useful as a viscosity
nodi fier forllpl eHgiMouB cMpositions, conprising: (1) preparing a degraded
et hyl ene- al pha-ol efin copol yper b rocess accordi ng. .t n | 30
claimand (| I?‘” o0 X 1 {)"?1 Cp integp °§ Bgeglrogagr&es fdg;r?%ﬁia%&f;ﬁﬁf%ff ﬂ:\%ﬂs
et hyl er? cal |5 lig eﬁgg?'ﬁ fEﬁ \d %l%er?; ) qcess accoran& to
clai m 22 whe&i' nangd gediespre i gnd gichicemeris ec{e@n{erbm (a) esters of
unsat urat L 5onel i ' {leirtSjdCchsin SdgnemtisBfudhdedl ard|chfdtehised My lsBucture
rding to claim 17 i hain
T Ao syt ie o 17 Wl RIEhan S

unsat ur at onbC nsat ur a ers, unsat urated ketones, (e)

unsat urat ed, polar nitrogen-containing hydrocarbon conpounds (f)

unsat ur'at Q8 £ BlobRX ¥bdoRing G HlaiffiBieSinb@lnIn sdld chain segmdr beqiHcéd Qidal iafld TF segments

anhydri de "ange giGbstinfaly e Sar Weijht-sverRgeMblscuRORaghy.mer i zabl e therewi th; (h)
methacryl ates and acryl ates, both mononeric and polyneric; and (i) oxygen-

oR_sul f ur 26.0Abdbdds BEoMingYd cldkdti8looia 1D evheraimrosaldckbzin sagchontisrquances the isem etihe
247 A [dbOCESweight @mkab Mblscdarokeights db 3aidiTe aad M ¢agimpnts & fubdtantially eQepl torthp weighis s
accor di ng t cavelage moléshiavvseighe ofrsaifl M segmendt hyl eni cal | y nobnounsat ur at ed
carboxylic acid material having 1 to 2 carboxylic acid groups or anhydride-
group. 26.21.AA prooese sscoringde ey claims d| to i2Prwhaseinysaid Efldﬁgégz cprolyger ¢f sffhylene and at
MONO- unsat ur kast dnerethas @lphdelsfip] dopolymer has & tytab gthylene cpRY grapter bl g P et my
24 wherain (basisi s ethylenically nonounsaturated [err] dicarboxylic acid or

anhydride. 28. A process according to claim 27 erein (f) is_ selec from
t he group 2of\grosessiey pypparng & ol %%B,gfﬁt‘sd °th"'°'??éﬁ'p§?'8'°f5'n‘f?§§]¥'%eéé’ ,seﬂgr?a%n‘%i s)%gsllﬁ es

t her eof . 29. madifisy fop pleaginpys,Compesiions; pRPASG,|  j ¢ i i iy \
ebver adi 1 PBPE SAPUA TG IARSel Pt A3 T8 SEA pt Sng

859 BL PA) pr EW.%.’ é;f%é?s[?@ﬁéﬁe%{agg%ﬁagﬁeﬁ%ﬂ SRR Rsatafeh iRy meteld. 0CES S

-according to a reacting the resulting

copol yTer i hhyibes!afifiting 4l 22 whétdin Rl ofliig HmdidNd Sbboisd rbRast [ wo 1 eact ive
am no groups j ;seﬁu sﬁﬂ&e@%ﬂc&%fsy am no groups, 5 secondary

ami no_ggoups WitGSted HENSOHith Unbourited 3k, (C) a mixture of (a) and/ or
(b) . wth (c'): ©u Sirkbd v, ocar byl substituted carboxylic acid conponent
cont@i ning 1 ofy) yhsBttb@Retonyd,i C aci d groups or anhydride group, and

(e) unsaturated, polar nitrogen-containing hydrocarbon compounds

(f) unsaturated carboxylic acid materials; .

40 (g) maleic acid or anhydride and one ore more other monomers copolymerizable therewith;
(h) methacrylates and acrylates, both monomeric and polymeric; and
(i) oxygen- or sulfur-containing vinyl heterocyclic compounds; and mixtures thereof.

24. A process according to claim 23 wherein (ji) is (.

25. A process according to claim 24 wherein (f) is ethylenically monounsaturated carboxylic acid material
having 1 to 2 carboxylic acid groups or anhydride group.

26. A process according to claim 26 wherein (f) is a Cs to Cio mono-unsaturated monocarboxylic acid.

50 . .
27. A process according to claim 24 whersin (f) is ethylenically monounsaturated Cs to Cio dicarboxylic

acid or anhydride.

28. A process according to claim 27 wherein (f) is selected from the group consisting of maleic acid,
&5 malsic anhydride, and mixtures thereof. :

29, A process for preparing a multifunctional viscosity index improver additive for oleaginous compositions

comprising:
* [ L M S * -




10 ‘ (d) a preforned reaction product of (a) and/or (b) with (c').
30. A process according to claim2%pgqbesss gfi d pol yan ne contains two
primary am no groups. 31. A process according to claim 30 wherein said
polyam ne is selected from pol y(oxyal kyl ene .am nes) and 15

pol y(al kyl ene amj pieming s3gtafted deyrasiod etbylane-alphaddletig by @ pobess accartlingtecan ot rlairad 21 to
pol yam ne is dias{éndl ene triamne. 33. A process according to claim?29
wherein (iii) i) reatlingthelresaiing cpmlympr withat leasheieyof: substi t ut ed 20 ]
carboxylic acid dormolyaraing having &t [east tyo fepelive) araing grouns s§ieeted {fera @rimary japmine groups,
di carboxyl i c aci deeondanamief grepps amimiximepheedss according to clai m 33 wherein
said [err] hydrod@imelyel substi t ut ed_l;lerr] di carboxylic acid or anhydride is
[ err] hydrocar byl (@aabxare of @dnd/erdb)wit c'a,cih% or aphydride. 25 rﬁﬁ{S A DIOS8ss
accordi ng to clai me34 wherGseoveragasyf ?‘%“ B'PB’dB’l;‘r%%lm@ﬁ%‘g'f CONEY SUESTIre
acid or anhydride is oY'g(gEIg%W“ i'ﬁg% SRHC jnic acid or anhydride.
36. A prlcess acc@ra(ﬂr%m rOATON RIPAUEY % fah " ?o'%ég'Mi ch is conprised of
reaction prgdyct of (i . L tW‘ bl ol loag0sSi ty
stabi | i 2i nGUsfPS i sdolding b Lifn 2% whéip gﬁ%ﬂ"’é’é‘g‘? E%/ % st e }dtag%jnoﬁroggfboxyl i c
anhydride. &7. . iR s&id FEMME is"d3RESd oSt fehe amines) and
hydrocar pyl ésgﬁggfiﬁg%zﬁ %ggﬁﬁw?'g'ggﬁmdﬁde is[err] h@adﬁbg?:ﬁybyl
substituted succinic anhydri de. 35 38. A process as clained in any of
claims 1 t 0333 A prdchss'dobordingltd Elaiexd WRGHIAl sid popjamme istiettlyidhe warsiopol yner obt ai ned
in any of claims 1 to 21 and/or the grafted degraded ethyl ene-a-olefin
capol ymer ofd. A prosbss Bcodidiig aé cleima29Twhéldn i) i@ &) andisgd Gh® Gand hydresadyli whdifuted
Vi SCOSi t Yo i Nd@drbbxyfer aidecomporebht is \acCs0 30 &k da dudrocarkyhgubstitutes] Gsi 195C12 Gicaroxglic, acdsor
di luted wi th anhydlideagi nous material selected fromlubricating oil and fuel
oil to form40 an ol eagi nous conposition exhibiting inproved | ow

t enper at ur e34yiAs procass raceordingoloesiaim 35, 3&9‘" Fid Gor 32 Ceoy Pyorocqrioyl ppstituted Gepyfocfiro
the formed ol isgberylissaciderpriudriop isCse torffes hydroparhyhsupstipep speginispeigor anbyqsipe.

d ded2g | d/ fted d ded | d itive. 4
40, The. pr o8 dApragess. peepiding 80 ipim, 34 wierain aacs sp 3%%«%@%&%ﬂ*&ﬁ%"%@%kgﬁ"ﬁoﬁ“’s o
cont ai ns f r omashydgidejgypolbuteny] sbstitited syeciryicagd or AUNINC- e and/ or grafted

degraded copol ymer and/ or ddit'\ie. E&‘{ L% SR doSh dgpre;cﬁon\/'%j R B or
Hekst el | 8% Ccogy FBEFTe ayF{aus__O_ i icarboxylic
e tgé‘smz}ﬁgiggge@u?%ﬁcﬁa gk e e ekl

I st, bei dem ("‘ln ein internedilres Ethylen-a-d efin-Copolyner in an sich

bekannt er \é@ksﬁ Relsdesbaling wWVokith 38VWRGbin BRI £t BT 618 CiybiroGarbyl substituted dicarboxylic
Et hyl en-a-C efdn@-dg‘&qg% L5 C1sl HybirocHiBYl Sbstiudd sG@InRIagy@n®. Copol yner ket t en
unfaBt, die mindestens ein kristallinsierbares Segnent aus

Met hyl enel NRgi £ plicdsd ds Rlaitda S BiySof &lainsE Y370 - whichTibe degraded ethylens-a-olefin copolymer
A efin- Copol yrgpiamed Wy oNdldimé i &olz1i patr the graited| degradet! Rthylemstdciélin sppolymebelitaingd in
n ndest ens ei nay léf tlsiing 22 to 28sdnaobihe enulbimgovonet vistositl dndex improver addiiyeogbtpined in any of
Copol yner ket t eclairks 26037, is ditltodiwithl e bleaginosmaBaial. SieEtechiyone lybricating #f! @nd fe) 198 fo Tarrs
Segnent it ni achidagisous Bonpesitidn|exhibiting limprovied low tenirieratussl VisCHRSISRRRPORES: hy | en
enthal t, wobei des internedil are Copol ynmer ei ne Ml ekul argew ch{’ ver% ig“g,ng
auf wei st, di3® Tharpedesssiof clgim 38 in which the formedioleaginqup cemppsiione _,'Bs_Lfr% ﬁ%t? $ “Von
MA Mh von weni ¢jéhe dagraded copplymetiad/oegrafteddegraded FarSlyper ARy af9on weni ger al s

1,8 definiert ist, und wobel m ndestens. zwei Teile einer indlvidugl
i ntranol eRul%&r T'Hél’%‘?ﬁ?;’éﬂ@ﬁ 3%%“’{'\?“ he ?fm‘?%ﬁgwsf'gp‘:gnﬂzﬁﬁ@%&agggé%b%eﬁl.vh?ggrme
Kette ausmachtdesened copolymax andly grafieddearaded cepolvmor didhEs™ens 7 Gew. % Et hyl en
vonei nander upt rsc ieden, und 5 (i1) das internedi are Copol ynmer
abgebaut w r"a,°" TR abgebaut es Copolyner mt einemniedrige- ren

durchschnj tt] i g@emr ¢ tilefing SbS BifssifchéH iRl Gi6inJCopdWiersa biss SOGiskosEBmoNtier &
t

- (ni cht a%geb a ittle flr lige Zusammensetzungen brauchbar ist, bei dem . .
(i) ein intermedizires Ethylen-a-Olefin-Copolymer in an sich bekannter Weise hergestellt wird, wobei
das intermediire Ethylen-a-Olefin-Copolymer intramolekular heterogene Copolymerketten umfaBt,
die mindestens sin kristallinsierbares Segment aus Methyleneinhsiten und mindestens ein Ethylen-of-

85 Olefin-Copolymersegment mit niedriger Kristallinitét enthalten, wobei das mindestens eine kristalli-
sierbare Segment mindestens 10 Gew.% der Copolymerkette ausmacht und mindestens 57 Gew.%
Ethylen enthilt, wobei das Segment mit niedriger Kristallinitéit nicht mehr als 53 Gew.% Ethyle'n
enthilt, wobei das intermeditire Copolymer eine Molekulargewichtsverteilung aufweist, die durch ein

R
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Pol yner zu erhalten. 2. Verfahren nach Anspruch 1, be! dem das Abbauen
durch Scherung unterstU zten nechgpigsagsgMibau 10 unfaBt. 3. Verfahren
nach Anspruch 2, bei dem der nechani sche Abbau durch Scherung unterstUt zten
oxi dativen Abbau unfaft. i5 4. Verfahren nach Anspruch 1, be! dem der
Abbau t her m s gbaaitnidom M, My vaBtweniger aée? fnabodameim MerhéitAn ypr M;/Mw419n lyeniger @i 1cfer

t her mi sche Ablefinieft rist, &g enbeh mindestans Seel Tetst aifef individushiendifitiamiolekulayjheterogepen Kette,

Ver f ahr en nackhonAdenpn el Gindebtens An@ew% cder Kettehausmaphinsigh in derefuserapensotang A i n
ei ner i nert en mixdasiens [ Bew.%lEthyérguonaisiander witeretheiden. dpdr f ahr en nach ei nem der
Anspr Uche 3, i) deReintednediis Cogelymed abgehayh wird:jup <inoehgpkauies Cenojymer wi ping ‘3?’!9?5
dur chgef Ohrt \mnrQ!lfCh@B"'E'ChWéW?'%\‘H'PVQW'%@ﬁh'm‘fﬂ”d r a5 dag dntermedifre fychtaghgehpute
Horogeni si er ugymerfz4Bthatted.  \er f ahren nach ei nem der AnsprUche 1 bis 8, beI
dem des ni cht abgebaute Copol yner aus Et hy nd_m SLEN | en
a- O ef i n & néerfapgnaaeh f"???@?'ﬁ% él&ﬁ?‘a??% ageﬂeJPr§Ftsﬁ °r”8%?"ﬂ sam@ﬁ%ef%t%g{b %I
auf wei g, ddEes Gew. %der Copol yrmer ket ten ei ne Zusamrenset zung auf wei sen,

di h Cew. o0 xidativ
Et hy! enzud n%g%ﬁhfee% el Beikoi ph R o T RN S btz ogasyen

dem di e mterrr%li are Di spersitat der Zusamenset zung des ni cht ’
abgebay e MryﬁﬁAék)ﬁcﬁ,m‘ld@tﬂ dbiWboll sIRRErRA ALl Uemmander en a-d efin

ei ne sol che % der Copol ynerketten eine

Zusamens gt Zyyxgnér hadk insPhich @) 1Ri §drt Bor HSiSEhE RN aBGrOGkYBnvAR VD Sduelédit datetigefiihrt
durcj;schnltt\k.mchen Et hyl enzusammenset zung unterscheidet. 11. Verfahren nach
eilngm der AnsprUche 1 bis 10, bei dem das Segnent mt niedriger

Kristaldi sit¥drfaiténh pach AdpGehw2%dat Aydpeuch LarfoaBtiem 4igr tRrmische fAbaucin eiags Hnerten
Anspruch 11, Atwesphéle durdgefiBeginent mt niedriger Kristallinit~t des nicht
abgebaut en Copol ymer aus Et hylen und m ndestens ei nem anderen a-Q efin 30
bi s 50 Gewl. Werahrgn sach ginéra Ber Ang@Uche/a, 5 eder & fbeirfigmyfepfbbain Rogemat pipes iqtalygatess o

12, bei dem dmehgefilirnid] | i si erbare Segment mi ndestens 57 45 .Gew. %
Et hyI emsunf a~t. 14. Verfahren nach einem der Ansnﬁ‘(g 1 bis 13, bei dem
das’ ni cht SabYekbren @Mﬁ?@f“ﬁ%r"”&qﬂg‘ dEfWF‘éH”’EﬂQG“'ﬁ'ﬁ hs e| nem ander en

a-defin eine I\/blekula chts ert

m ndest end eY %@M%jn % %Hiéf Ethvlen

1e
MAMN von wel! Pq% 35' re" %}'}:ﬁ;‘ feesrbhrlﬂ&hs
Anspr uclt 14, oder rvo 9:‘9 s‘%@ns@fz‘ lt::BlGBé H%ﬂetun

m ndest ens el ‘ﬁ‘%m n ca e in elne auf wei st |e durch m ndest ens

ei nes von @i O&EM Wlﬂngﬂr&h@ Bei MM\W iNtSiholbRuidrd) ﬂ‘épe?é:t&t dbr 25amMehsBtzung es nicht
Verh~ltnis v uz oywﬁl#ws%{yleﬁ lufid rhindesBAK BiRé BAdeRIN &LOI4R teine Sbichblst, daB 95
Ver f ahr gh nag@y 8 §f CoshRimefkidneide Pasahniehsetzlfy auhisert] @I sibh uimii 30Gkw. % lode vaniger

Copol ymer aU%nFeIehardr&QchH.ﬁﬁthén Bl RnkR Ameséteiny ametsoheigeta- O ef i n ei nen mi ni mal en
Gesant et hyl engehalt von 20 Gew. % aufweist. 56 ~ = ~~~~~ oo LD F

1119 H ~I 1411 ¥brahba hdch einemder AhsfricheQ58s 1] b dem \das Segiment mitniastiges iKristaliiniis 20 bis
AnsprUche 1 ls3 Gewl, Etfiy@in uthBt das ni cht abgebaut e Copol ymer aus Ethylen und
m ndest ans ei nem anderen a-d efin Kettensegnentsequenzen unfaft, die durch

m ndest ensi2iVerahea mat Anghruchy Hi) bg dem das (Sggment Mt'pleeq_gﬂ qulalllm dps mch1-2 gebauten
Copolymer aus Ethylen und mindestens einem anderen a-Olefin 30°bis 50 Gew /o Ethylen umfast.

13. Verfahren nach einem der Ansprliche 1 bis 12, bei dem das kristallisierbare Segment mindestens 57
45 Gew.% Ethylen umfaBt.

14. Verfahren nach einem der Ansprliche 1 bis 13, bei dem das nicht abgebaute Copolymer aus Ethylen
und mindestens einem anderen a-Olefin eine Molekulargewichtsverteilung (MWD) aufweist, die durch
mindestens ein Verhiltnis M,/M, von weniger als 1,5 oder ein Verhiltnis M/M,, von weniger als 1,5

50 gekennzeichnet ist.

15. Verfahren nach Anspruch 14, bei dem das nicht abgebaute Copolymer aus Ethylen und mindestens
einem anderen a-Olefin eine MWD aufweist, die durch mindestens eines von einem Verhéltnis von
M,/M, von weniger als 1,25 und einem Verhilinis von M./M,, von weniger als 1,2 gekennzeichnet ist.

55
16. Verfahren nach einem der Anspriiche 1 bis 15, bei dem das nicht abgebaute Copolymer aus Ethylen’

und mindestens einem anderen a-Olefin einen minimalen Gesamtethylengehalt von 20 Gew.% aufweist.

R
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(11) T - (M - T2),,- M 10 gekennzei chnet sind, wobei x und y jeweils
ganze Zahlen von 1 bis 3 sind, M dgép §abssst Bi S erbare Segnent unfaBt, T
das Segnent mit niedriger Kri stal Iinit t unfaBt, M und M2 gl eich oder
verschi eden sind und jeweils ein M Segnent unfassen, und T' und T2 gl eich
oder ver sCRizev@@nren Rath @Inem jdeMRisrichdi 1NbisT 165®eiremt dasl nibit sbgebautd GopbBmen s fEtiier n
nach Anspr uc hunbifmindeeiensteiamdanderiie &-Ofiis Kejtensappatpaquenzen uohiaBic Hie Sunck knindesteng eine
gekennzei chnedersiriiarannd x gleich 1 ist. 19. Verfahren nach Anspruch 18, bel!
dem in den Kettensegnment sequenzen die Segnente T' und T2 im 20
wesentliehen Mas M€ che Gewichtsnmittel des durchschnittlichen

Mol ekul ar gewi chts_auf wei sen. 20. Verfahren nach Anspruch 18 oder Anspruch
19, be! dem i ) deW K@lt?hsegm&ntsequenzen die Sumre der Gewi chtsmittel der
durchschnittlichen Ml ekul ar Jew chte der Segnente T' und T2 imwesentlichen
gl ei ch dem GeW)chfrsTﬁ"{ t &y d€s durchschnl ttlichen Ml ekul argew chts des

M Segmen’("s | Sst. 1. Verfahren nem r in s bhard€M
das ni oht abg Tﬁ?ﬂz ZI% e| ml\‘g_ jleweqs anze%;% ﬁéfq b%ggﬁg@glﬁ%@d% ‘%Elsggl]:dﬁ
e.X {n mef%cﬁa

a-defin einefll a Fuﬂ'ﬁ WRin& Lind [weils ein
Ver f ahren zur 3 T 0S en gep

Et hyl en-a-a e]I yrrers das al s Vi skosi -

tatsmodiTi 24 Bgﬁlgﬁkgr%mnuh%ssrwh 19! bed @e@%ﬁmﬁé’gﬁfeﬁwtﬂ&ﬂerbdmmﬂﬂr li Gékennbeidhnetem
(1) ein abgebays 6w didicnl16&: a- d ef i n- Copol yner nach ei nem Verfahren gem G

ei nem der vor herge- enden Anspr Uche hergestelit wird und (11) das
resultier enfbev&l%ﬁharu&remﬁﬁmm 18)Bsi dgintin @b Kstiemsbimdntsaduetdan diegleginerité Jt end T2 im
Pf ropf maker i alwessaiéhon péstgleidne GewicHismtis! dés’elurbmhhmnlichaauhlewmpwumhalmelsebe| dem
das Pfropfmaterial ausgewAhlt ist aus K. (a) Estern von
ungesat t i gt 2en védidhmh mbahmnsiricch 1BodeTAnspresh 19#{98@"1 inidgn Kettengegmerdnequenzen die Summe
ungesi tti gt en dSa@awishismitiel)der dusehschnittiichercMolgkulargpyichteider Segments T yind, Fijmoyesentiighaa,
Ket onen, (e) wgleighdémn Gevightamittel %Idaﬁcmh"'@?ﬂeﬂ Mletyfargewishtp dos; M-Rggments ist.

Kohl enwagser st of f ver bi ndungen, gesl ittigten Car bonsaure erial I
(g) Mal ei ns@h Neﬁﬁwer"a%'m@ﬁ'm‘ is §04 ool dety H@rﬂ"i? ghee n@ér % ylon

copol yIeri si evphmisfesionejngg andereneOlefin sinen Gesamisiiyiangehalf Yo mopt % Biitat fwe'St
pol ymer en I\/Et ha

ARG e ;ﬁ und =) Bﬁ-ato?eﬁlﬁ-m yelre s, das as iskosi-
sclavef el haI Vgl’fﬁa"é ‘q‘?{ﬂ% %ﬁ%ﬁ%%ﬁqﬁ n}?%zh%g 4 o Is Visk

&
=

dar aus. hﬁﬁ@ih%@&%ﬁﬁ -
Pfropfmaterlal mj ru este r;)"nac E‘nsp?gg%reg'z#e be! dem ( oree

et hyl eni sch ei ni, nynﬁ‘%lﬁ BiRdn® rell'giem%tunéesbit@en? Pfropfmatenal
Car bonsaur egr up el ner n ydri dgruppe i st. . Verfahren nach
Anspruch 5, bel 'dem ei nfach ungesattigte C3- bis C, 0-Mnocar bonsdure

i st. . 28/ Weff&“n%cm udN Rk ddi did Prréphatétanauédepitetifigbeeni sch ei nfach
ungQJ t ti gt e CAqa) Bhtsrm Gormbbsa@igtao ARdIBE oder das entspr echende Anhydrid ist.
57 * C M Estern von ungesiitigten Alkoholen mit ungeséitigten S&uren,
{c) ungesiittigten Ethern,
40 (d) ungesittigten Ketonen,

(e) ungesittigten, polaren, Stickstoff enthaltenden Kohlenwasserstoffverbindungen,

() ungeséttigten Carbonsfurematerialien,
(g) Maleinsure oder Maleinsdureanhydrid und einem oder mehreren damit copolymerisierbaren

Monomeren,
45 (h) sowohl monomeren als auch polymeren Methacrylaten und Acrylaten und
(i) saverstoff- oder schwefelhaltigen vinyl heterocyclichen Verbindungen
sowie Mischungen daraus.

24. Verfahren nach Anspruch 23, bei dem das in (il) verwendete Pfropfmaterial (f) ist.

80 . _
25. Verfahren nach Anspruch 24, bei dem (f) ethylenisch einfach ungeséttigtes Carbonséurematerial mit 1

bis 2 Carbons3uregruppen oder einer Anhydridgruppe ist.

26. Verfahren nach Anspruch 25, bei dem (f) sinfach ungeséttigte Cs- bis C1o-Monocarbons&urs ist.
65 . '
. 27. Verfahren nach Anspruch 24, bei dem (f) ethylenisch einfach ungeséttigte Cs~ bis Cyo-Dicarbonsdure
oder das entsprechende Anhydrid ist.
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EP 0 422 859 Bl 2& Verfahren nach Anspruch 27, bel dem (f) ausgewAhlt ist
aus der G uppe bestehend aus Ml egprydoyse il ei nsaur eanhydrid und

M schungen daraus. 29. -Verfahren zur Herstellung sines nultifunktionellen
Vi skosi t at si ndexver besserungsadditivs flr ilige Zu- 6 sanmenset zungen,
bel dem (23 veishregaaélr Aphiuers27a bel alom ) @ssgénihl list pusadeCBmippenbeastabgnd @iiMalpinsiure,
Ver f ahren geveeis®irsaetipddieand Mischungerhdara®d. bi s 28 hergestel | t vm' rd und (B) das
resul ti erende Copol yner mt mndestens einemaus (a) Poly

m ndest engo. Madahranczak Herstellung\ainesoguiiiyniianelign éfgmtaﬁ'ﬂde’s(%esﬁ?’i"liiﬁdéﬂvsﬂﬁﬁ Sligs 2H p-
10 5 spmenssiadnger bei dem Ani nogr uppen und M schunge éeb)\ Cﬁ |¥
(c) siner M s&/ﬁ@mg aﬁpgqbﬁmsﬁyﬁenmgleﬁmn?ch(e@ew V@T"ﬁ‘gef‘ %e v Ansprichie
C400- Kohl enwadt ki ?WQ"%UB‘%’FM‘%H erten Car bonsaurekonponente die 1 bis 2

$fierends
(ca:? Lg(r)nn\s/lolrjgggggﬁ } |n pen aa§go\ﬁ£hq %l%gnmar?n Qmmo)gﬁng-)
sol ?rfrégplg?]gnﬁ)g thungn |schun

spru ' be| dem das Pol yam n zwei

ungeset'%t wird.P
prinare Am nogrE’ gn | %.Ss(a 51]? fahren nach Anspruch 30, bei dem
das Pol yam n au ﬁf 0 \Vat&)l‘él’d?fl éﬁb’éﬂﬁl@ﬁéﬁ éﬂ?&hsﬂ‘dﬂﬁompenente die 1 bis 2

Pol y(al kyl enami n B g g{ gige Rﬁ}ﬁ é,\ﬁ, t,ada bei dem das Pol yam n

Di ethylentriam y bif Ridh&podoid & @,54@@,) Aflchbei demder in (B)
ver wendet e Req,E‘ JR I'st und d|e m t C50- bi s C400- substituierte

Car bonsaur ekonponente eine mt Cso- bis C400- Kohl-enwasser st of f

SUbStl t Ui @0.tRoriiten fakis Arshruéh 49| 55640 83 Rolyemio cesi prfaiize Amineguppernenthd® Anhydr i d
34 Ver fahren nach Anspruch 33, bei demdie mt C50- bis

C400 K| snviesfaiesrs beh fAnspnls (30, hel dond gasPolyatminsausgdwahlt istaue Poi(@selsdensmine uadier

das ent spr ecihoytaiglodandinedy. i d Mt Cso- bis C4oo- Kohl enwasser st of f

substituierte Benstei nsaure oder deren Anhydrid ist. 35. Verfahren nach

Anspruch 34, Vevieirerdraagh &iserugh 31, &% dem W%‘D’BWP@W%%rSt of f substituierte

Bernstein- silure oder deren Anhydrid poI i sobut e bst ert
Ber nst gin g aseniech sprycndh8 i dprge (B> °‘°\'78 % gmﬁc{é&s
Anspr OCche 29sugstituients Capopsayyakpnip aré?ﬂ' gﬁvfalssc?r'%o Sl L

(A, (B)(a) gu@lca(bg)sgm °ﬂﬁﬁﬂas(q“TsP'f°'@ (—ﬁ" Rhsiti tsst abl |i si erenden
W' rksamen Meé aus oo i ﬁﬁ@som% e?é!é?ﬁéub&ti‘tﬂne%tcgnb:s
bis'Giod-

bLs
-]
bonsa’dv e 2 o Myrid RbicRResBGicH ShBsHEdickS N
sserstoff substituierte D carbon-
% oh enwasserstoff substituiertes

38, bei3°dem
saur eanhydr i

Benst ei nslyr Gan 9 .@'F.Acﬂ Ahéamcn%@ be.V&‘eH @6 nft s ) T4 61 HORIBAVASSorstoft Siistitoiao Berlstein- 37,
bei dem das’ oederiA Rnkifalid didriyBubbtitiérfe EbinsRinitatel caaaiefth datiyarid iet.

Et hyl enga-QA e |n Copol ynmer un /oder das gem | B ei nem der Ansprlche 22 bis
28 45 BRI Datah@R Ract ANbMARF Aspaibipedeaid 35, bbiftginatas addBivedus derCBpadignaprpduiic¥onder
das\gen B ei pg B bdehE@y Wiih(m) sifdr bisiositiéstebilisiatendsn avirksamen Mangetaliomié Cj 2 bis Cis-

Vi skosi t at si RélishwessEresrs abstingsae dicaibunshireanaydrie msahmengeselrbister i al ausgewAhl t
aus Schm erol und Brennstoffol verdunnt wird, um eine bl ge Zusamenset zung
zu bi | den, s7dveratien ibashsApsirech\88sked domrdas it Eee bEl%EH@@HW%ﬁ”b%‘P“W"é‘P Djcarbon-
Tenper at ur  z edugianhygid 819 Cr2v/eis ﬁaH%'ﬁ"W?&@WKﬁB‘EF‘H‘E’FPS:?Sms‘ﬂéﬁa“'qu{i'f’é“ gebl | det e

ol i ge Zusammenset zun 0 001 b| s 20 Gew. % des ab eba en a;i,/zqder

gepf ropf t 3 Hbiisbien uachm&;soﬂepe 9 ,.em M

nach Anspruc ﬁ$ggg; ggferb ﬂa'.le@-a- lp-|03 !'%E' ';Qé el qf)che

Cew. % d&s ab fs
0 Ig iDiF <37 ofpalh etm mi)ﬂw;%?(os t S} ti ii s ?‘Hi é?ﬂ" YRR

und/ oder Addrg ausgewshif aus g mierd und Brahnstotfd] verd Zusammensetzung zu bilden,

die verbesserte viskosimetrische Eigenschaften bei tiefer Temperatur 2eigt.

s0 39. Verfahren nach Anspruch 38, bei dem die gebildete dlige Zusammensetzung 0,001 bis 20 Gew.% des
abgebauten Copolymers und/oder gepfropften abgebauten Copolymers und/oder Additivs enthélt.

40. Verfahren nach Anspruch 38, bei dem die gebildete 8lige Zusammensetzung 2 bis 49 Gew.% des
abgebauten Copolymers und/oder gepfropften abgebauten Copolymers und/oder Additivs enthlt.

85
—

= i



EP 0 422 859 Bl Revendicatlons 1. Procede de production d' un copol ynbre

6t hyl bne- al pha-ol ~fine sol-ubl e dansgg olags g gyti| e comre nodificateur de

Vi scosi te pour conpositions ol ~agi neuses, conpronant: 6 ' (i) la
pr~paration d'un copol ynbre 6t hyl bne-al pha-ql dfi'ne internddi aire d' une

mani br e cormevéndidatihss copol ynbre 4t hyl bne- al pha-ol 6f1 ne internddiaire
conprenant des chatnes heterogbnes au plan intramol 6cul aire contenant au
NDi NS Un SelyBrtédé rdes pradiuclicmatiire cohplymbrei dtylametelbialdfine aelubles dang 'hivlsi Hile lmmme
segment de coptoﬂlijqabureiedtstpﬂtmt prifions Qifapineusefecamprenie: crj st al | | nite,
segment eri st al Bils pbpasationd'on eopplymere Shwaneralniaraliéfing ipterpédiaire fb'“ ?1 B GPLe. &S‘“I a
chat ne du copol vaeéf%tét'U@Fﬂ'%?ﬁ‘aﬁ'?f'ﬁu'“m igires gomptenant des a3 nes au plan

d' 6thyl bne, | e @EgeE ﬁ‘{'a"aé"° aé"lf’r"Fé't‘ a?q"len'i ‘i"a‘a' big d ?1@‘)

°§'§ %
en poids d' |t hyfieement €°E J?@ & falble, crigis "'gﬁgt P‘?"ﬂﬂ'}?ﬁ:‘t lig °§g
poi ds nol 6cul ai ?‘@s‘H”—F‘? 'l? a(b Pade BT ‘I'?qum' r%tetzmgt??aouaup"éor'"sun
rapport M/ M i f° P'gfj ét f

Ilmqé‘lne cO tueﬁt qgaflty)s F rﬁl d'@?rﬁyléﬁg'a' ne
i ndi viduelle h~t~ i? Jtﬂl Elal Jéfinie par Iecnjaﬁ’pﬁawﬂﬁ Ma
constitue au noj ﬁeu une de | aut
par | our CorrpOSI 6rﬂ§|s re %ﬁh:&%&ﬁuﬁuﬁﬁé&é&ﬁbeau Bfan (ritrbohotécRlaire, dont
ddgradat jon du &B&RL fﬁe'dﬁt ﬁ&ﬁ@ | @ & phigd! e G cRdMe! difBremOIRAS Y8 DIaBired pai! 18614
dont la , composltuon'&‘ay%ﬂﬁ B 8iHolasl deth{idde) etdU pOI ds nol dcul aire ost pl us
fai ble que cell @ idsgrReton Ndy Bopblpinsis TRteMBHiEIR HoD RbIAIY R dJolymidld Asgrads alontdli
suivant |a reveﬂé}eﬁﬂi AufiBrigue (MIRESpdidGrifculti® eetgNis adilad qua el copdlymBmgmtarthédiaion
nmigcani que assi Sineeddgakié)ci sai |l l ement. 3. Proced4 suivant |a revendication 2,
dans | ogeel |a d~gradation ndcani que est une ddgradation par voie 25
d' oxydat i on2.aPeicédéckoivintla reviesdidatidnclirdans lequel laRiégredation estiiing aldgradationy redcamique @egistasn
1, dans | oquelpard cisaitlegntadat i on corrprend une degradation therm que. 5.
Procede suivant |a revendication 4, dans | o%uel | a degradation, therm
est condui t® &rpcfdéciuant la revendiggtion 2, dang Jagush ks d gradatiprypécamaue st Hop pégragation p rVoie
revendi c& i on dpxysigtion assisEppatrisatienesh 4 dans | oquel |a degradation ther m que
est conduite en at rmsghbre I nerte.

t
des revendi i‘:at |'Q9ﬁ%é 93"’ “f)'aé?"e?)d'caﬁ%'?sdq"&?ﬂ‘éq] 'aldggrﬁ‘g eé’g'ﬁ?r\é'g ungg%gur%dgtr']g @g%gue

pr 6sence d ce LV t I
sdegr adat A oD S e h ooy WAl %ﬁ&gé".“s%ﬁ?%#"w”’e
quelconq Qéndlcatlons 1 a 8, dans lequel |e copolynere non degrade

d' 6t hyl ene E t Fq o@&@ Ja lll&gncf'fl: ez &l RNaveRdiGliérn £ tﬁnéJB&'ueﬂ lasdaﬁtra&ltlbrethgﬁnque est
conposi tion iy i%&sﬁﬁéﬁ@n &Rl | e que 95 %en poids des chatnes

copol ynere ai ent “Une conposition qui differe de 15 ou npins de 15 %on

poi ds de 4l a7CqHRBS duvam HYEEERqRI Heé tavirlalatRns 15 et 8, GlansHbdueiasl degradition Bét cbrauite

revendicati on g, @aﬁgdh@g@i@dfa di spersit4 de conposition internoldculaire
du ‘copol ynere non degrad4 et hyl ene at d'au noins une autre al pha-ol efine
est telel gee M&sdé uivamp @i re@ndi@tionch déns ésual ia dégrpdatigmmmeread enethomegéndisatignosi t i on
qui differe de 13 % on poids ou noins de |a conposition nobyenne en

et hyl bne.s s8. PrdcédPsupesidtne auoicongue dos naen Gﬁypr@ongﬁedaﬂ%!?qﬁeél?eqthﬁ@[’q em&égra@

10, dans' | oquedétiyidng elgdiarmoingaung atrtme@he-wé@? alune ﬁﬁae@'t%m"@ﬁg “l%f%ﬁ“e
poi ds d' et hyl bve 95 %en mpaéeﬁcféaTgéfudﬁsPRO'vméfera@oféﬁa FRmAOFitiny ayirdifiegpged 5|°§HI?BF i3
segment de fal%leepﬁﬁ’ﬁ‘?t'ﬁi’qmpﬁ?"!%"&W"B%ﬁbt RsP-e non dtgrad4 d 6t hyl bne at

d' au noins une_ autre al pha-ol efine co ren l[% 0/ an c.tl MIL”% §u

55 13. PrébcaBicPrssid, syiyant ta reven g%"éé‘ ¥ %Hg“!f a\,,é%i, 3,8 °sst' :ﬂ'&gé aenfgo.c:s

| oquel le seg H?'y ‘?% aﬂéF'F
s0 11. Procédé suivant I'une quelconque des revendications 1 & 10, dans leduel le segment de faible

I
) nt
d*ethyl ene. compos on moyenne en ‘1@;
cristallinité comprend 20 3 53 % en poids d'éthyléne.

12. Procédé suivant la revendication 11, dans lequel le segment de faible cristallinité du copolymére non
dégradé d'éthyléne et d'au moins une autre alpha-oléfine comprend 30 3 50 % en poids d'éthyléne.

55 - 3
13. Procédé suivant I'une quelconque des revendications 1 & 12, dans lequel le segment cristallisable

comprend au moins 57 % en poids d'éthyléne.

T




EP 0 422 859 Bl 14. Procedd suivant |'une quel conque des revendications 1 &
13, dans | equel | e copol ynbre non ggqpiadze@i4t hyl bne et d'au noins une
autre'al pha-ol dfine a une distribution de poids nol ecul aire caracterisde
par lun au noins d' un rapport VAWM inferieur a:1.5 et d un rapport M/ M
de nDi NS ae PlocBdé Qv l'uter queibshduesdsis ravatdidations ¢ \het3ddans teush leloppolyiatres ndnaidoreds | e
" copol ynbr e nitthyibde plodial mbirkt inpl dotnealptte-oiffiseua ansi distributien_dapoide makculdire fearpeiérigéane
di stri but i orpadéunpoimdins d'od @ppertMM -rd@\e@r@t@drts'@erqsmﬂ NN femping e A&- d un
rapport MM inf6rieur a 1,5 et d' un rapport inferjeur & 1

Procedds s 06-\Reerédd suinaet layeuandioation i4. dans '?"é%'%'éﬂpel&’ﬁrbﬁ 9@ﬁ$éth¥ﬂ'ﬁ§ 5‘]@1‘3 l e
copol yrer e ri9p e oléfige a gne distribution:deyRoldp molésulzire seraqiRpdesPal,Ha 2y MOINg 941 SPRYT ne
a une teneuerN'rrfPf 62 1.8 t'un rennork My #ﬁﬁ%"“ﬂ 120 %sur base pond6ral e. 17.

Procede sui vant ‘une ueI con ue des r %n'tsé 2\ co? aned%HEJjé |l e

| 6
ggggr g%r une gg? a‘ﬂ@mg"é%‘eﬁ F'benaf' f esne { m rac % *ln
au m)l ns des?&} P Fes: (1) MTi ~~~(11) T' - (M- T2) 20 (111)
™ - T I BoHs 1GNAL Héhs 386l RPEBRbIGTRE R dSbladgle 1
& 3, M co 17 I%% j - ;qa%réﬁ E%rr}éégéraﬁgﬁ% gf s 1ren d k& '23?@?63 ﬁ%ﬁzﬁgﬁl@gﬁﬁ?ﬁimﬂe

faible gri sté ;gé[,ga”-me %dma@g@ux ou differents et 25
conprennent chacun un segnent M et Tl et T2 sont egaux ou differents et

conpr ennent @haqpﬁ un segnent T. 18. Procede suivant |a revendication 17,
dans_J equel les sequences de segments catenaires sont caracteri- C

s@ par |la @jrupt-gweTtdl|l) et x est 4gal a un. 30 19. Procede suivant |a
revendigation 18, dans |oquel |les segnents T' et T2 dans |es s6quences de
segnent s cat@nai n‘bs(Man),prl\&thuerrent la m me noyenne ponderal e de poids

nol ~cul aire. 20. Proced6 suivant |a revendication 18 ou | a revendjcation
19, dans | equelodxetsprropséseatent phscum glag ngrsbres entl '@n‘!fdi'aﬂ é Md‘é’g‘P ?‘d%d't segment

mol dcul ai r escrigtalisablegfrsamerentt ledit semeraaqsf;gégf'% ﬁ’g% ,ﬁ 'ﬁ:m"ts ot
cat enai#es eeaMPEANEANE GfifetReyn soament M. gt Fiopt %8h %ﬂtseetc?ﬁ pafingY chacun un

mol ecul ai re $R9M8®Jnent M K- 21. Procedd sui vant "une quel conque des
revendi cat | ons a 20 da 0 et
d' au noi nd u " '36 E;cﬁ@ﬂ;?é‘q'ésqf%‘ﬁ@%srs\ég%f‘ &f gggﬁqﬁﬂﬁgﬁ%ﬁﬁejesghﬂé%?‘gﬁr e &
35\% sur. 40 °s‘°ﬁ R “Procedd de production d' un copol ymere

6t hyl bn¥- g} p iy | 4ab Ui di er2 Game ™R biides @b eur
de Vi scosi alllt pa%é%é dsﬁg%}% € ;ﬁgﬁgﬁﬁe%ﬁégﬂ%ﬁﬁ%ﬁ% 1Y dHot ids ﬁ\blkcdla;e%ﬁi‘ epar ati on
n% e ? ne- a

d' un copoly a-ol ef1 ne degrade par un proc6de suivant |'une

45 Boc bﬁ: %uvﬂ\?sa Fe%fﬂﬂﬁhoﬁ aBicANS rdvbricadn NBLGans lloqldl 1 sdntme el ieygenedu
copol ynjyr e duGiaBbdaR pdRs mBBsilalresSdék eshitents TEE TAAsnsNEsisEquonces! do grumbrtacpténaires on-
saturation egém FafidieRbNR Sgate3 lamiopénae ponBéraly @il poidsandiéemaindiusedmentM22, dans
lequel la matibre de greffage est choisie entre: 50 (a) des esters

d' al cool s AORroséds LIRSt (Unp qlekn@eides velidintionsn] & 28.atans lequebly cepolymareien dégsadion
saturds, (c) détgirel dieras s e buirecnqiéiitelp ulie tnevs tatairoen ébyieng sRerienss 2 36 & sWes
conposes hydlbaxeaamhltérabs azotes polaires non sat ures 55 (f) des

mat i bres aci des carboxyl i ques non saturees; ')é ‘aci de. ou E .
| * anhydr i 022 @rasédécie rreduetion dan eqpolymere ¢th 'P'E?sﬁ'@ﬁf’ f'"ﬁ@fﬂ“@? P s Phute utile comme

copol yneri - modificateur de viscosité pour compositions oléagineuses, comprenant : '
() la préparation d'un copolymére éthyléne-alpha-oléfine dégradé par un procédé suivant I'une
45 quelconque des revendications précédentes et
() le greffage du copolymére d'éthyléne dégradé résultant avec une matidre de greffage 2 non-

saturation éthylénique.

23. Procédé suivant la revendication 22, dans lequel la matidre de greffage est choisie entre :

50 (a) des esters d'alcools non saturés
(b) des esters d'alcools saturés avec des acides non saturés,
(c) des éthers non saturés,
(d) des cétones non saturées,
(e) des composés hydrocarbonés azotés polaires non saturés

55 () des matidres acides carboxyliques non saturées ;
(g) de I'acide ou de I'anhydride d'acide maléique et un ou plusieurs autres monoméres copolyméri-

sables avec lui ;

(h) des méthacrylates et acrylates, monomériques et polymériques ; et
D —

. ) O D




sabl es 'avec lui; (h) des ndthacrylates at acryl ates, nmononeriques et
pol yneri ques; et 60 : EP 0422859 B1EP O 422 859 Bl (i) des
conposes heterocycliques vinyliques contenant de |'oxygbne ou du soufre; et
des nbl anges de ces matieres. 24. Procedd suivant |a revendication 23, dans
|l equel (ii) est()deecompbiéhhéérodybliquss virgliquey eoptetkot dealiowvaine quaiuseufien g desmeélgnges 4,
dans | squel (f)dees matiteesnati ere aci de car boxyli que a nonoi nsatura- tion
dt hyl dni que ayant 1-2 groupes aci de carboxylique oy anhydride. 26. Procedd
sui vant | a Yelieelee sdyanbla reyendication 3. (dang iequel (i egt yipe 'Uﬁé’er@rt i ere acide

sul van

nonocar béxyl i que 10 nonoj nsaturati on. en Ca Cla., 27. P 6d
| a revend?ch%lt ?flJ?Hédgéff’i ALA Lvp E‘LFP 3%1"%"3 %‘1'”9' P esh une a'SI:%‘j a‘%ﬂw&bﬁ‘y&é“% Rdhoihédtuld

di car boxyl i quienviegiaye #¥en 12 SRYA%-acHE SFRRAEYN PRI que. t5 28. Proceds

sui vant | a peyengdi.cati 27 ] t Chai Slada I :
Soniranays 4 YRR SR 6 iy 08, e, g
Procedd de production d un a fi'tif nultifonctionnel ameliorant |'indice de
viscosi td pPRUBCAIRARAN laBRndiafhB4NGinS Rauel BPEEP AR oy artiydride dicarbb@liqub 8n Cs 2
preparation dglin medGhuitiafich ealydiblene- al pha- ol ef i ne ddgrad4 greffe par un
proc6de suivant |'une quel conque des revendications 21 a 28 ; et (B) la
react i onygduseC PRIGEJENGRIVENt NN£ Favbriditation 272 Gank 'létiel Y e8DEHOBE dansi)le groupeecopipleyantri'avitie
ayant au noi Ngaldryus; 'ghhediipe Malbigiersd lotre adlandes. choi si s entre des groupes am no
primaires, des groupes am no secondaires et des nel anges de ces groupes, 25
(b)" d/ un podey Bracédécde midductiondliua adritif dwitifoagtionnel améligrivkt adieecde viscpsité pouygompositions
cagposant aci @agimuivscpinprgeast :a substi t uant hydrocarbyl e en Cso a Csoo
conte- nant 1 ol % prépamtes d'ue pmnlymémtﬁtjwsém-qml@-olﬂmea#ﬁsaeé Pl partun(Rigeéep siiyant
produi t reacti ofuseugisoeque desrevpadigatigns2i 38 et) avec (c') 30 30. Procedd
suivant |a reveffjagéactionsuzopolymaregésuiiagt avpc T%;PW &M ne, contj ent deu groupes
ami no primaires. @19une pbewite Syany 4w mong deux, FAYREE FMing jéastrs °h?ﬁ5‘°§°’f"8cfi<75_l )
pol yani ne est chdmifoPrigiaseieg gounss ppine sesondairgs,of s mEIANgrE Sy ozt rerRe
pol y(al k¥t bne- am %’e%ig.p?%"g . Procedd suivant |a revendication 31, dans
squel 1 pol yam fSast 3 8 I BT BECEC4 A0 B Sunsiiont FiESHAe SHI0L28 Cudy oot
revendi cation 29, d®s Ingﬂqejl drdubds dcibE o makide. & de
carboxylique a su c}.l;nt 240k e ﬁrgﬁgéfsprxﬁ '
{S/ | a C&o a

egﬂ?e Qo) Sy est un acide ou
ankydri de, di car bo ue en 4 substituant hydrocarbyl e on

Csa & CAQO. 33%rocklid ufalR 1aTeVeNdidlion! 23, daRYBELAI I8 Bély=rihe TantioRtaBIk dréufiésdmirlo pAmaifks. OU
anhydri de di carboxylique en Cs a Cao a suvbstituant hydrocarbyle en C50 a
CA0 set t UNZHGEHRAE Suitdhh V&l MrbvdRdicatiohC 30, dane Bqusli i tpolyansine  elsty diioisiza rtreb yibse poli-
C50 & C4o0a. 4Fmghkyinsamme)et Ges poraikylbre-aminegndi cat i on 34, dans |equel |'acide
ou anhydré de succini que & substituant hydrocarbyle en C50 & C400 est un

aci de ou anbydirécdes sivard iavb\gadicafionsitbdans baghta pgEmirs estEn diftayler@triameoced6
suiant |'une quel conque des revendi cations 29 a 35, utilisant une quantit6
ef fi cace po@3. Psaédé suivent deyievendieation) 28, dang tegus! fiil) raprespnterdl it de Q?@PP%Q@P'F’%FP%E%V" 'i’? ,
(ii)(a) ou (iid fulbytiteant hyidiorarble emCaarth Gte ioteuncrcid o RyHidg dicarRonyligye ton (G nfro
hydr ocar B9l e esubstiiugnt jydracgrbyle en Cso & Coo

34. Procédé suivant la revendication 33, dans lequel I'acide ou anhydride dicarboxylique en Cs+ & Cio 3
suvbstituant hydrocarbyle en Cso 2 Csoo ©st un acide ou anhydride succinique & substituant hydrocar-
byle en Cso 2 Csoo.

t

conposant aci

35. Procédé suivant la revendication 34, dans lequel I'acide ou anhydride succinique 2 substituant
hydrocarbyle en Cso & Csoo est un acide ou anhydride succinique & substituant polybutényle.

36. Procédé suivant I'une quelconque des revendications 29 & 35, utilisant une quantité eﬁicace- pour
50 stabiliser la viscosité du produit de réaction de (i), (ii)(a) ou (ii)(d) et (i) d'un anhydride dicarboxylique a
substituant hydrocarbyle en Ci2 2 C1_s. :

37. Procédé suivant la revendication 36, dans lequel I'anhydride dicarboxylique & substituant hydrocarbyle
on Ci2 A Cis est un anhydride succinique & substituant hydrocarbyle en Ci2 & Cis.

55
88. Procédé suivant I'une quelconque des revendications 1 2 37, dans lequel le copolymére éthyléne-

alpha-oléfine dégradé obtenu dans I'une quelconque des revendications 1 4 21 et/ou le copolymére
éthyléne-alpha-oléfine dégradé greffé obtenu dans I'une quelconque des revendications 22 & 28 et/ou

[
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37, Proc~dd suivant |a revendication 36, dans |oquel |'anhydride

di carboxylique & substituant hydr gpayipolgsees C 2 A Cl5 est un anhydride
su00|n|que & substituant hydrocarbyle en Cl12 & G . 55 38. Proced4 suivant

| " une quel conque des revendications 1 a 37, .dans |equel |e copol ynbre

et hyl bne- alipdtif oluttifonatienndicastimlét tidicorve vidensis dbtenm eu“qctd'umm'e@qum@s revendica-
revendi cat i dioss 20 3372 $oné thlubsiavee ursopalibre (piegineusenshpinia entesl ynp Juile| ubrifiants of werhlipe
gref f e obt ernambiustitle pouy feemey yes eonmmegition e@@-mm@ﬁvﬁe@amewﬁewpaéw'sgw iqygs

L 1 mMEFG@ZQEéGBm”I additif multifonctionnel anrllorant ‘indice de
vi scosi® e obtenu suivant |'une uelcon e des reve ca- t ?b&né
sont di | ud% Ryessee EH'?@"‘rfﬁf‘i"ﬂ}d tiop Fga%lﬁ 8’?‘%‘13 apﬂe ;f; t'?"
lubrifiante "é’t/"ﬁ'i‘l@"fﬁﬂulcgmy EfR on gt ?°p? 9% T

ol ~agi neu ures,.oroprid

t enper at urigs %d% war[gOI |§§§§lc tion %%)oﬂ? ] qut:}ﬁa §§t%ﬁ %‘rﬁg Wﬁﬁ\é@‘&fﬁté%ﬁg ?Q?a
corrp05| i on ec?l%o'ggl hERS e contl en% Jig 245 /oen p0| s du copol ynbre
ddgrad4 eVou du copol ynbre d~grad6 greffe etlou de |'additif. 40. Procdd6
suivant |a revendication 38, dans |equel |a conposition ol dagi neuse fornt+e
contient 2 a 49 %tO en poids du copol ynbre ddgrad4 eVou du copol ynbre
ddgrad4ggreffe eVou de |"additif. 15 20 25 30 35 40 45 50 55
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