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-1- CTitle: INTE SU?f PREPARI NG DI /

VI SCOSI TY | MPROVERS FCRRI\E;?%A Cr Lgd% f Z}S 5 g

FI ELD OF THE | NVENTI ON This invention relates to i nternedl at es
useful for preparing dispersant- vi scosity inpr oveés f% bricating
oils and processes for preparing them 5 VﬁACKGRClJND
OF THE | NVENTI ON The viscosity of |ubricating oi I S,

particularly the viscosity of mneral orfl based Iubrlcat|ng oils, is
general |y dependent upon tenperature. As the tenperature of the oil is

W scout by i iitevaN R et S4B et FERC Prep aRmc pispERSEYE T " '

viscosity as the YSGRIYUIMPROVERSEQRIUBRIGATING QTh8 elrEnt of the

i ncrease in Vi sc05|ty as the tenperature is |lowered, or both. Thus, a
viscosity inprover amel i oFEELE> OFNEHE MENENTION i scosi ty of an oil
containing it wth changes in tenperature. The fluidity

characteristics ofbis Havationafelatesmip dpisgmediates useful for \prepasgier dispassawver s
are usual ly pol ] as viscosity
ndex | mpr VAR oV 6 1tkeal ot o st F BRI IGR. | 1% e
lubricatkng art. Di spersan%mggom@pm!MM| cants to keep
impurities, particularly those forne uring operation of mechani cal
devi ces such as iTreevisedsityosfblubricasingeoils, esticulartyo thet viscosity oft mimegati eidi ons,
etc. in sus .rather, than a themto de osit as_.sludge or 20

ot her deposi e‘go\‘f lﬂlllsaﬁe%nﬁf’hy gﬁ?"i%gﬁ‘fté’é’o’bé??g atire. As the temperature

Mul tifuncti Qpgle &flﬂ'lﬁéﬂéﬁ‘s’édttﬂé‘ﬁs W‘gﬁalﬁﬁ drdhkcosi ty i npr ovi ng properties

and di spersant properties are ewi se Known 1n the art. Such products are

descru bed I riThediometimnsofaukisdosiay i mpmveme tougtdoee the extent ¢f therdenrease in
"Lubri cants and Rel at ed Products", Verlag Chem e Grbh (1984), pp
185- 193;10C. Wscosihnphdhs temperpturecis paised agnior Fodies, e xRt okidher jpeegse in

Lo 1 S AL el R T, o ALY Shpro°S
Recent DevelagRifehits' the\@i@szeDaf aviscokily df18 Sl cpRtainis®-il 64ith changes in
temperature. The fluidity characteristics of the oil are improved.

Viscosity improvers are usually polymeric materials and are often referred to

15 as viscosity index improvers.

Dispersants are also well-known in the lubricating art. Dispersants are
employed in lubricants to keep impurities, particularly those formed during
operation of mechanical devices such as internal combustion engines, automatic
transmissions, etc. in suspension rather than allowing them to deposit as sludge or

20  other deposits on the surfaces of lubricated parts..

Multifunctional additives that provide both viscosity improving properties
and dispersant properties are likewise known in the art. Such products are described
in numerous publications including Dieter Klamann, “Lubricants and Related
Products”, Verlag Chemie Gmbh (1984), pp 185-193; C. V. Smalheer and R. K.

25  Smith “Lubricant Additives”, Lezius-Hiles Co. (1967); M. W. Ranney, “Lubricant
Additives”, Noyes Data Corp. (1973), pp 92-145, M. W. Ranney, “Lubricant
Additives, Recent Developments”, Noyes Data Corp. (1978), pp 139-164;



-2- and M W Ranney. "Synthetic Ols and Additives for

Lubricants", Noyes Data Corp. (1980), pp 96-166. Each of these
publications is hereby expressly i ncorporated herein by reference.
Di spersant-viscosity inprovers are generally prepared by functionalizing,
5 I .e., adding polar groups, to a hydrocarbon pol yner backbone.

Hayashi, et al, US. 4,670,173 rel ates 26 conpositions suitable for use as
di sper sant - vi Shi:Ypl DL OVRL S, nade..hy 1 ted. ) tj Rg cty.on
product whi ﬁém‘ '\f/ we& ngﬁnq}f/n? g)égt ?"Hﬁﬁgdw? ggregﬁi%"ﬁ ,0161&)?%0? ymer
and an al ph@opgt 19808f ippi 08l166. Each WHSHHesd ?&ﬁcétﬁ»ﬁﬁl?ﬁt heby hexpRégBence of
free-radical initiators, then reacting the 1 acylating product with a

primary an mecozprtatedhersiraby seferende. a pol yani ne and a mono- f unct i onal
aci d. . Chung et al,.US 5 035,821 relates tp,viscosity index

[ pr over - di sper s RiTRESaREviscoshy impryers it resnprally drenpred, b Bpciogelizins,
et hyl enescopgl X&Eﬁhg?&l%f- ERAp¥Ith B hydrocarbBh pylyRit 6alKbynéinsat urat ed carboxylic
acid noieties, a polyanTne having two or "nore 15 primary am no groups or
pol yol and a hi giHayashif etoalalli.8y4J630.4 78 hrelates hy chonpasitighs suitable $arbasei 4ut ed

di carboxylic,acid or, anhydri de. . Van Zon et al, U,S. %3%49, 294,
rel ates to AISPPERRAASGONLY IARROYsHE mads by derctine an acylaiie reaction; prgdugh whic

al pha, bet a-¢ ; ' ' ] I ' g .

hydr ogenat egg‘@?lgg{i&%@ﬁ@%@ﬁ?&#@%@aﬂ%ﬂﬂ?éﬂaﬁﬁoﬁf %@8%?0 u)c{tbetsaod?%x}lcrrael%’ with a
long 20  chaidhratedafagitbimt tHeUbRgerar SO Kb radiant | @itAfds Wheh Radti te t 0
Cferr] amne containing | to 8 nitrogen atons and/or with an_al kane
pol yol HAvi aeylating prosuct withhy rissayy qming snd roptionally Withha pelyapries endnead
product thereof. . . Bloch et al, US. 4,517,104, relates to oil
sol ubl e vi sEb"é’ﬁ%}I‘?‘f?&%%ﬁ“ﬁg et hyl ene copol yners reacted or grafted

wi th ethyl eni cal lopuHp<alalir B8 50T N0IAteS to? Viscoshty! HdED irBbro0sr-difyRisattd h
pol yam nes having two or nore prinmary am ne groups and a carboxylic
aci d conponeompused: o theefeactionl products oof pnodiylene heopolyfmer grafied with

et hyl ene. cofRiEsRLY MewBiFGRnpaTy SHOMPRRte: APUATLR My TH TR rapEy
o eouy e, S 5 A R0 S B Rl N AGR O
conmponent . substituted dicarboxylic acid or anhydride. .
Van Zon et al, U.S. 5,049,294, relates to dispersant/VI improvers produced
by reacting an alphabeta—unsaturated carboxylic acid with a selectively
hydrogenated star-shaped polymer then reacting the product so formed with a long
20  chain alkane-substituted carboxylic acid and with a C, to C,5 amine containing 1 to 8
nitrogen atoms and/or with an alkane polyol having at least two hydroxy éroups or
with the preformed product thereof.
Bloch et al, U.S. 4,517,104, relates to oil soluble viscosity improving
ethylene copolymers reacted or grafted with ethylenically unsaturated carboxylic
25  acid moieties then with polyamines having two or more primary amine groups and a
carboxylic acid component or the preformed reaction product thereof.
Gutierrez et al, U.S. 4,632,769, describes oil-soluble viscosity improving
ethylene copolymers reacted or grafted with ethylenically unsaturated carboxylic
acid moieties and reacted with polyamines having two or more primary amine

30  groups and a C,, t0 Cy4 olefin carboxylic acid component.



- 3- Each of these patents is hereby expressly incorporated
herein by reference. For additional disclosures concerning
mul ti - pur pose additives and particularly viscosity inprovers and
di spersants, the disclosures of the follow ng United States patents
are incorporated herein by reference: 2,973,344

3, 488, 049 3,799, 877 -3- 3,278, 550

3,513,095 Each of ties® g&egﬂi@s hereby expressly incorpskai2d heRdBby reference.

3, 563, 960 3, 864, 098 3,312,619

3,598, 738 For addy@el, dB8losures concerning m@fiIWER®BO4 additives and
g g%? é?g particularly vzscgfs?ﬁgglgr?gggés and dispersants, the g%gggl?}gfg %i" the following
3,652,239 ypited States patéafd 2te i} ted herein by reference: 445, 389

3, 687, 849 P tg34 4§<§pora erein yreerr?n such additives are
frequently derived f2, 97!3 34%# boxylic rend804s, for 3,6998pT e, acids,

esters, anhydri des, Iactones and ot hers. Specific exanpl es of
conmonl y used car box3R7%5%bnpounds usbAIH893 nt er medi at 842,810 pr epar i ng

lubricating oil adddﬂg}éfeésg ncl ude al WE@%Q&? al kenyl subgg)rbyé ed succinic

aci ds and

anhy pol yol ef i tuted carboXylre acids,

aromatic acids, suchy3ap epicylic 10 359g73%, and ot heg 8641268 ustrative
car boxylic corrpounds are described in Meinhardt, et al, US 4,234, 435;

Nor man et al,

3, 215, 707

US 3, 1332680 LeSuer et3.615,28% 3, 454 6073 8391304 Rense us

, , . i hara et al . Patents 31 and
4,412,041 descri be r’r:bé?ﬂ)gd rubb%#%g ositions h%rg g nproved green

strength obt ai ned by; 4@pgd1i ng an 15 3gspbiy ated rubbey g hhg an organic
compound having a carboxyl group and an al dehyde groudp 1 n the presence
of an acid catal yst.3,445,389 I n 3)6&.84t ent 4, 5254,334,43XKiti hara et al

descri be _a met hod for di fyi.ng i ng sat urat ed_carbon
bond whi ¢h conpr ﬂéegy éfﬁtjvqswée rﬁmsevtfmﬁ?lﬁved omaw%%ﬁﬁ.rea%%ﬁﬁd
represent ed &meﬁe RISk @ﬂers]: %Bﬂ}ﬂr?des, lactones, and others. Specific examples of

10

15

commonly used carboxylic compounds used as intermediates for preparing
lubricating oil additives include alkyl-and alkenyl! substituted succinic acids and
anhydrides, polyolefin substituted carboxylic acids, aromatic acids, such as salicylic
acids, and others. Illustrative carboxylic compounds are described in Meinhardt, et
al, US 4,234,435; Norman et al, US 3,172,892; LeSuer et al, US 3,454,607, and
Rense, US 3,215,707.

Kitihara et al in U.S. Patents 4,412,031 and 4,412,041 describe modified
rubber compositions having improved green strength obtained by reacting an
unsaturated rubber with an organic compound having a carboxyl group and an
aldehyde group in the presence of an acid catalyst.

In U.S. Patent 4,525,541, Kitihara et al describe a method for modifying a
rubber having an unsaturated carbon bond which comprises reacting the rubber with

an organic compound represented by the general formula



-4- [err] wherein -R represents a hydrocarbon group, and -X is
-H -CNor [err] in which -Y represents an organic grouping, in the
presence of a Lewis acid. 5 Kitihara et al in U S. 4,654,435
describe a process for the addition reaction of an unsaturated organic
conpound, except a rubber, having at |east one carbon to car bon doubl e
bond in a nol ecul e, which conprises rea¢ting the unsaturated organic
conmpound with an organi ¢ conpound havi a carboxyl group and an al dehyde
group in the presence of a Lewis acid. 0 Eur opean pat ent
publications EP 0759443, EP 0759444 andcEQDOR9435, all assigned to
The Lubrizol Corporation, describe,regCtions of olefinic conpounds wth
omega- oxo- al kanoi ¢ acids and certdfn regactive derivatives thereof.

Many carboxylic intermnmediates used in tKe preparation of |ubricating oil
addi tives contain ¢chlorine. Wijle the anount .chl.orjine present is often
only a veryW“psremy Wramhﬁﬁoqaﬁ@f{%’ma%r%s Tri"l:'t'ql:l&qrnterrredi ate, the
chlorine frequently is carried ovqf_Jyato the carboxylic derivative
which is desired as an additive. For a | vari ety of reasons, including
envi rommental reasons, the industry ha®dbeen nueki ng efforts to reduce
or to eliman . chlkorine f addi tives I | ubri cant

or fuel addfl}a%\ﬁlggx_—‘g&prgsené%mo% lfr%%ﬁgpgl?g,eiﬁlh%rﬁgse g‘l’:s?#lazl ?‘gi%tagﬂpr ovi de | ow
chlorinesor chl oKiifikarh €4 in U.S. 4,684 3Ribs@ita oLk ferahe béditisefbatfordéfepar e

| ow chlorine or chlorine free derivatives for use in lubricants and
fuel s. an unsatupgtedyengheic aobipound,i except P rabberichayingcatsleast dngreaphaspter i ng
such an interpedi.at . her. obj ect.s will.i art be obvious in
Uew of ¢ hi GuPR ApudPand s molectlenwbish CopizFesTspuing e Pisrted preai

compound with an organic compound having a carboxyl group and an aldehyde

]

group in the presence of a Lewis acid.

10 European patent publications EP 0759443, EP 0759444 and EP 0759435, all
assigned to The Lubrizol Corporation, describe reactions of olefinic compounds with
omega-oxo-alkanoic acids and certain reactive derivatives thereof.

Many carboxylic intermediates used in the preparation of lubricating oil
additives contain chlorine. While the amount of chlorine present is often only a very

15  small amount of the total weight of the intermediate, the chlorine frequently is
carried over into the carboxylic derivative which is desired as an additive. For a
variety of reasons, including environmental reasons, the industry has been making
efforts to reduce or to eliminate chlorine from additives désigned for use as lubricant
or fuel additives.

20 Accordingly, it is desirable to provide low chlorine or chlorine free
intermediates which can be used to prepare low chlorine or chlorine free derivatives
for use in lubricants and fuels.

A further object is to provide processes for preparing such an intermediate
Other objects will in part be obvious in view of this disclosure and will in

25  part appear hereinafter.



- 5- SUMVARY OF THE | NVENTI ON The
present invention relates to a conposition conprising the reaction

product of (A) at |east one olefinically unsaturated

hydr ocar bon pol ynmer having Merr] 5 rangi ng from about 20,000 to about
500, 000, when the polyner is not a star pol ymer, and up to about GPC
peak nol ecul ar wei ght of 4,000, 000 when®the polynmer is a star

pol ymer, with : ( v Aoyl ic reactant selected
fromthe group consisting of ne formula 10

[err] wher gihe predht GhvéitioaNldiEsctd Ja composieRe BORIPtking Hher reaction

hydr ocar byl group, Rlerr] is a di val ent hydrocar byl ene group, and n
is 0 or 1, @Fflueeelctive sources thereof. DETAI LED DESCRI PTI ON
OF THE PREFERRED ENMBODI VENTS As used herein, the terns—

"hydr ocar bon", " {dr o@hleast onelefinigally smsatwisted hydrocgehonpolyraeshavingt Mhe

bei ng_descr i-bed i nant t i t hi
Phe Dont bt SHENTE, P% 208, POR00 Th Rk XoPYah "5REE e RApAE. & por g g 1M "
hydr ocar bon ﬁglymer, afd Nt 1 GboritNEPCI Seak! MBlechIaN tvidight O6f %,0081000 NwRei the

hydrogen. T may al so include groups contai ni ng substituents or
at ons whi chpdg'mwus abtaepolyier, yithdoni nant | y hydr ocar bon character of

t he group. Such stituents may include hal o- koxy-, 20 nitro-, etc.
These groups al s yaﬁgeﬁfta‘?nr‘? é?’lgc %8%?“&?%?’8%%5@“8 QPRI | be
appar ent 1t 0.tA9seRI0fhEdrhflal N art and include, for exanple, sulfur,

nitrogen and oxygen. Therefore, while remaining predom nantly
hydr ocatbon i n char actlé’C(@l)(rRﬂnE(O)ORSt he context of thi glW)nvention, these
groups may contain atons ;ot her st han car pbon present_in a chapn or ring

ot her wi se c&fbﬁ&‘é&a@? 0@_&3‘ b%i’f‘iI B{ asrindspendegly H g2 b}ﬁ@fy%rbylzsmu?ﬂ& i§Lc1‘ve_r sely
af f ect reac'&i“ﬁle&ﬂ’hg&r{)ﬁ%rh&lg%%%@%tagﬁ RE @%gslsa{ryre% ggﬁl%gg{hf{egts i nventi on.

I n general, no nor hree non- hydrocarbon Su énts or hetero

atoms, and pref epahlu B (G AT blE IS RESERROTRIUERYR Y 10 car bon

atons in t Hyarocar gor or- tiyar ocdr por- pased gt oups.  nst- preferably,
the groups are pwseiided hereinD YKl 84RE PYYdiotarBad’y r‘%gdfo@ﬁ‘byl”sor thedtodbon
essentially free of atons ot her than carbon and 30 hydr ogen.

15  based” mean that the group being described has predominantly hydrocarbon character

within the context of this invention. These include groups that are purely hydrocarbon
in nature, that is, they contain only carbon and hydrogen. They may also include
groups containing substituents or atoms which do not alter the predominantly
hydrocarbon character of the group. Such substituents may include halo-, alkoxy-,
20  nitro-, etc. These groups also may contain hetero atoms. Suitable hetero atoms will be
apparent to those skilled in the art and include, for example, sulfur, nitrogen and
oxygen. Therefore, while remaining predominantly hydrocarbon in character within
the context of this invention, these groups may contain atoms other than carbon
present in a chain or ring otherwise composed of carbon atoms provided that they do
25  not adversely affect reactivity or utility of the process or products of this invention.

In general, no more than about three non-hydrocarbon substituents or hetero
atoms, and preferably no more than one, will be present for every 10 carbon atoms in
the hydrocarbon or hydrocarbon based groups. Most preferably, the groups are purely
hydrocarbon in nature, that is, they are essentially free of atoms other than carbon and

30  hydrogen.
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- 6- Thr oughout the specification and clains the expression

oil soluble or di spersible is used. By oil soluble or dispersible is
meant that an anount needed to provi de the desired | evel of activity
or performance can be incorporated by being di ssol ved, dispersed or

suspended in an oil of lubricating viscaosity. Usually, this 5 means t hat
at | east about 0.001% by wei ght of the"ﬁaterl al can be incorporated into a

| ubricating oil. rtherr . u55| n, of t e terns. oil ..sol.upl e and
di spersi bl e, ‘ﬂ%ﬁ%f’ G‘it‘% ‘ﬁ | gEpression gilgso IPEIIFeH’E
4,320, 019 WikBrible RNRES: Sﬁyyoﬂ soluble'o?QﬁEbQbeYé %%%’i Pha aﬁlén{o%ﬁﬁé’d%& td OF

relevant teachings in this regard. he expression "lower" is
used t hr ougipeartide the dqsired ﬂevtehbftanmatydonbaformanﬁscﬂﬂbe ms@rpdrated iby bang

descri be varjo r t he expr.e on " nlended a

o cont dispinet Bsttiied otranpdded i R oif of ibricging Yswalyathitian 4.
f t 1 t d
requent sy %&%ﬁ’{#g{r &He&%@&ﬂo%‘?%b we1 t erem}}i‘i&[ﬁ%ﬂwm@%ﬁéﬁﬁ&ﬁ girate

Hydr ocar bon Ne expr es yner'

refers to phibtivatse ofl. aFbr & \ifber dls@ssmxiif ﬂwm@ﬁslml&blamiudcmpp&rsibms The
t erm horopol yner_refers to polymers derived fromessentially one
nononeri ¢ s pagicularly oﬁﬂhl)yr@mblé >desei R Ratent 4,328,088 which is expressly ed

from2 or npre nonoweric (acarbon pol ymer is

an essent i aMfSPRRAY ?F"Bobl)f e@aeﬁoarg}g&aptteachngsmﬁgﬁég% one having a

hunber average n%et‘el;t FEsi¥e FRier( isNised thrbugholf iHeepBciabalsh d (d&iths20as and
500, 000, often from about 20,000 to about 00 000. I\/bI ecul ar wei ghts of the

hydr ocaﬂQonup@l herein tarcbsctﬁ:!eevanionegrqupfs r@emjarlesskomﬁ?hwnétisadsndmistormbm in

t he literature, | es of cedur es for determm ning the | ecul ar
wei ghts ar e SEAPS coma“B% ?\g’aﬂc’éﬁﬂﬂaﬁ)’rg Ao (egie)° f?ﬁ‘k Wﬁw&%"
si ze- excl us uﬁmﬁ,%ggpgg@@gwn%e and vapor phase osnonetry (VPO . These

es are descri

and ot her in 25 nunerous publ i cations i ncl uding:

P.J. FI ory, ) Ratuy: g Uni versity Press
(1953), Chapter V| 266 3 crorml ecul es, an
| ntroduction to ‘Fﬁgge%&’éhf‘c@@respoﬁ P@MWSS/ raf@asto polyrpers of il fgpeswi-¢-,

Bdi t or s 5 ACRgeThGiyhlefSsd bpbfmer? PTES Bird MomdPdfmer refers to polymers derived

from essentially one monomeric species; copolymers are defined herein as being
derived from 2 or more monomeric species.

The hydrocarbon polymer is an essentially hydrocarbon based polymer,

usually one having a number average molecular weight (ﬁ o) between about 20,000
20  and 500,000, often from about 20,000 to about 300,000. Molecular weights of the
hydrocarbon polymer are determined using well known methods described in the
literature. Examples of procedures for determining the molecular weights are gel
permeation chromatography (GPC) (also known as size-exclusion chromatography)
and vapor phase osmometry (VPO). These and other procedures are described in

25  numerous publicaﬁons including:
P.J. Flory, “Principles of Polymer Chemistry”, Comell University Press

(1953), Chapter VII, pp 266-316,
“Macromolecules, an Introduction to Polymer Science”, F.A. Bovey and

F.H. Winslow, Editors, Academic Press (1979), pp 296-312, and



~7- WW Yau, J.J. Kirkland and D.D. Bly, "Mdem Size

Excl usion Liquid Chr omat ogr aphy"”, John WIley and Sons, New York,
1979. Unl ess ot herw se indicated, GPC nol ecul ar wei ghts
referred to herein are pol ystyrene equi val ent weights, i.e., are

nol ecul ar wei ghts determ ned enpl oyi ng 75 pol ystyrene st andar ds.
A neasurenent which is conplenentary té‘a polyner's nolecular weight is

the melt index (AGTH. DY&@?»ﬁ) K&ﬁiaﬁa%a pD. thh ‘Mdvdeni SERXELEHEbR Tliyuidave

| ow nol ecul ar wei ght, and vice versa he pol yners of the present
i nvention pr€hmmaesdgraphy”, JonaWdeﬁamlanmsl,Ndwamk, Y% o0 20 dg/min., nore

preferably 0.1 to [.m n, ubl i,cati.ons, ar hereby

i ncor porated by re]%’g?s% W@F@%n@’c mojes @F‘g(‘ﬂe@fﬁ?gr&gﬂf CLPFER HYer ei n
relating to 191%%1 P Wehtd1glL E%l%ﬂﬁh&i ts det d pot he
nmol ecul ar #’&& ga pol ymer e?ésh%?eatcdélr toh es?1 3 eletrmrlggy eném§ £

reduced Iy tp@ibwstymnestam}ardm in the art. Such techni ques I ncl ude nechani cal
sheari ng of the polyner errpl oying masticators, ball mlls, rol]

mlls, extruders Arf@easHeenengwhichsis complementary Q8 Polymems malpenlan Weight is

degradlng te ul 0

NUMer ous pro@leggﬂ g"dfg (ﬁsﬁg?’l ngg olliloﬁﬂggrgare %]1}\9%1% mdexug%‘%g@:idf% gl}\g

whi ch is hergllechaé Wei%ﬁ AndGiseveasd) The ﬁﬁméermhé Prlesén€ iréanién PrefehbI§ur es
in this regard. educi ng nol ecul ar \Aelgm; al so tends to I nprove the

subsequent shasararsdamdexvﬁupto 2(hdg/min., mopmply bly 84 to 10 dg/min. The pol ymer
may contg{n aliph omatic or oa hat onpnen

m xt ur es*'t her eof . n aﬁécaﬂf}ﬁ/r?é? ]ig%c‘ﬁ' t 1 grﬁlfﬁ?oﬁ%rr sr,ele?’?lg_nay
contai n subsgaabhiks &ﬁ%ﬂé@m@&uﬁeﬁiﬂn@&&tﬂé%ﬁrﬁrﬁhbﬂﬂf mRidcBRE WeRhefar in

excess of that which i's desired for this invention. The pol ymer may
be subjected to h}K&lenghﬂamlmular wmghttafarmiymer ishgreatemthiat de$irady statnay i on t o

i Tl i i, W B LS

t he pol yner, %hé}@f f iﬁf% nor e
than 1% ol ef { n| ¢ ?r‘%% ur l'i_fyéﬁmg n&’%ano ed ere| r’lg@gve %rag‘ggrl hke

pol yner i% M&m&@&m@smaﬂﬁ@be&gﬁiﬁg)udﬂhmhgsmhEoméﬂﬂrmﬂmhﬁ@ms one
or nore ol efinic doubl e bonds. Wen the polyner is subjected to
hydr ogenat i oRetails o5 naeerogs procssivrss fer sheasjnghpelywgisrate @iven in U.S. 5,348,673
-8-

which is hereby incorporated herein by reference for relevant disclosures in this regard.
Reducing molecular weight also tends to improve the subsequent shear stability of the
polymer.

20 The polymer may contain aliphatic, aromatic or cycloaliphatic components,
or mixtures thereof. When the polymer is prepared from the monomers, it may
contain substantial amounts of olefinic unsaturation, oftentimes far in excess of that
which is destred for this invention. The polymer may be subjected to hydrogenation
to reduce the amount of unsaturation to such an extent that the resulting

25  hydrogenated polymer has olefinic unsaturation, based on the total number of carbon
to carbon bonds in the polymer, of less than 5%, frequently less than 2%, often no
more than 1% olefinic unsaturation. As noted hereinabove, the hydrocarbon
polymer is olefinically unsaturated. Accordingly, the polymer contains one or more
olefinic double bonds. When the polymer is subjected to hydrogenation it is not

30  exhaustively hydrogenated.



Typically, fromabout 90 to about 99.9% of carbon to carbon bonds in the
pol ymer are saturated. Aromatic unsaturation is not considered
ol efinic unsaturation within the context of this invention. Depending
on hydrogenation conditions, up to about 20% 5 of aromatic groups may be
hydr ogenat ed; however, typically no nore than about 5% usually | ess
than 1% of aronatic bonds are hydrogenatsé‘d Most of t en, substantially
none of the ar O”HH]ﬁcalH?n§§ma£H%uh¥G”t@QB&ﬁt@j9% of carbon to carboer&@lthhe(A)
the ol efinically unsaturated pol ymer contains an average of from1l to
about 9000 gobfmeriare shburdted. bonds, nore often from about 1 to about 100 10

ol efi ni ¢ doubl e bonds,, even npore often fro bout, 1, frequently 2 to about
10, up to ABWHiC STISHNENOR; i RASUEANS! geﬁac ReseReRion BAdE th the M

[err] of th gp%l Bk co 1
olefinic dogzgp@% Sflgj‘r;]enaogu ver@g%ﬁmﬁ%gé b é}?lor a% e‘g}gr%?t 70 to
7000 car bon oftagdihatid Brodips hﬂayaﬁwhﬁﬁ'ﬁ%@ﬁtlﬂﬂ however, t)l‘p@callg no mbwdﬂmadﬂmﬂ

pol ymer (A) contains about mol'e of ol efinic double bonds for every 15

4,000 to 20,5380usuallyi tessretban Ut of eromatice bondsh s diydrogerated. aMost oftempl e of
| ef bl e bonds per 1,000 t0.4Q,000 afom c nmass ntsonM
Fe(rari nIbgsi S. uﬁﬁglaﬂy(ﬁne Intg W& ?fﬁhsva’P Hebdi ment a pgl Iymer of M
[err] = 80,000 V‘Q‘ﬁpﬁ’caﬂ A the J1SfRiSAIRHinsaturated poli&léi‘%ﬁfmxﬁoaxphﬁ‘érbég gf doubl e

bonds per nol ecul €, en from about "4 to about doubl e bonds per
mol ecul e. | rfrqmﬂ tarabt)lhté?OOGrdkﬁmcrﬂqmble bbnds;mbro@ﬁeimﬂmnpaquﬂ rto Zbout 10
contain abo ol efinic dqubl e bqgnds f eve 00 to
100, 00010 gﬁ?ﬂlg ﬁ%&dé %VﬁPtI%OTSﬁ‘?‘Rf?gPP}a ¢ Bbat §+ERF% c

doubl e bond% I'?ﬁ;%ﬂ?@éﬂg er ogwmotﬂgt-e c e‘-g oubI bonds
In preferre g0

sol ubl e or P r oup
consi Sting ‘Zigéda@f %h@é&m@ﬂﬂ?ﬂ?&éﬂ%ﬁ?s QEodg ﬁyﬂ%ﬁ?x@i@ g]pﬁgleg%lel@‘foxf a0t wﬁ—y Qb (2)
copol yner s efften dor dbait edexyi Zhes 7000 I@anbbm/dtommbht sﬁlhhmdharmfmdament, the

conpounds;
P hydrocarbon polymer (A) contains about 1 mole of olefinic double bonds for every

15 4,000 to 20,000 atomic mass units on M , basis, often, about 1 mole of olefinic
double bonds per 1,000 to 40,000 atomic mass units on M, basis. Thus, for

example, in this embodiment a polymer of M, = 80,000 would contain from about 2
to about 80 olefinic double bonds per molecule, often from about 4 to about 20
double bonds per molecule. In yet another embodiment, the hydrocarbon polymer
20  (A) contains about 1 mole of olefinic double bonds for about every 300 to 100,000

atomic mass units on M , basis. One mole of olefinic double bonds is an Avogadros
number of carbon to carbon double bonds.
In preferred embodiments, the hydrocarbon polymer is at least one oil
soluble or dispersible homopolymer or copolymer selected from the group consisting
25 of:
(1} polymers of dienes;
(2) copolymers of conjugated dienes with vinyl substituted aromatic

compounds;



- 9- (3) polyners of olefins, especially al pha-olefins having

from2 to about 28 car bon at ons; (4) olefin-diene
copol ynmers; and (5) star polymers. 5 These
preferred polyners are described in greater detail hereinbel ow. (1)
Pol ynmers of Dienes The hydrocarbon polynmer may be a

honopol ymer or copol yner of one or -9-41ore di enes. The dienes may be

conj ugated such g3) i SARLERF i JEPEGaRY Hipha-olefind HBGhY R 2Qb about 28
non- conj ugat ed sfj{c% as’ 1-4 hexadi ene, aeﬂ?ﬂy igl-gne nor bo%nene, vian?/‘ll 10

nor bor nene, cdsbonrydms;ycl ohexene, and di cycl opent adi ene. Pol yners of

conj ugat ed | ene re preferred. Such polyners are conveniently
prepared via freég} dﬁ?ﬁ%ﬁlﬁ&ﬂaopolymersmdom c pol yneri zation techni ques.
Enmul si on techni QLtg)S %%)of}%gpnl y enpl oyed for free radical

pol yneri zati on. " As noted herei nabove, useful polynmers have M
[err] rafging fr dMhesdprefersdd poBinerd re deScrited ik gledfr Q618il hdfeideloist. en, usef ul
polymers of this type have M[err] ranging from about 50,000 to about
150, 000.- (1} Polymers offBienes pol yners nay be and often are hydrogenated to

reduce the anount,of ol efinic unsaturatio resent in th ol ymer.
They are not exh F?X%?W?o‘%’&@ﬂa?%ie a Emmopcﬁyr?xer oﬁ—ifi%ﬁom‘?{aefig‘?? %;rs of ten
acconpl i shegnhGandieNdsNg Tha! ditids Mmafehd @B ugstad abH 128 86breded By diiRSand

enpl oyi ng hydrogen under high pressure and at el evated tenperature are

wel | - known tpiperylemse os ph-cenjugated achcise bidc héxadiene, @hylaienerapttotener einyl so
usef ul d ar to th Killed, in

wel . kn se s e art. .
Ext ensi dme&?ggqnsné-vmyl devsiehexsyey Ard dicysiopsptadiene., gly@ﬁ@y%ﬁ Gprapgatedys

Pol ynmer Sci e e Y L1 G yﬂégg t&%kﬁ@' & %H@ pp
499¥532, 25%\6/\??%38Inter's§l%ﬁ%gl 86), mﬁ?‘gﬂ‘ re eregi%d%%(épress %‘d

I ncor por at ednioaicepabyriwtization techiiquesn Gmdlsion teehmigaest arelccminosly reasploved tibe S
regard. . The pol yners include honopol ynmers and copol yners of
conj ugat ed diee madical polymerigtion; ng polyners of 1,3-dienes of the fornula
-10-

As noted hereinabove, useful polymers have M . ranging from about 20,000

15  to about 500,000. More often, useful polymers of this type have M ranging from
about 50,000 to about 150,000.
These polymers may be and often are hydrogenated to reduce the amount of
olefinic unsaturation present in the polymer. They are not exhaustively hydrogenated.
Hydrogenation is often accomplished employing catalytic methods. Catalytic
20  techniques employing hydrogen under high pressure and at elevated temperature are
well-known to those skilled in the chemical art. Other methods are also useful and are
well known to those skilled in the art.
Extensive discussions of diene polymers appear in the “Encyclopedia of
Polymer Science and Engineering”, Volume 2, pp 550-586 and Volume 8, pp 499-532,
25  Wiley-Interscience (1986), which are hereby expressly incorporated herein by
reference for relevant disclosures in this regard.
The polymers include homopolymers and copolymers of conjugated dienes
including polymers of 1,3-dienes of the formula



ferr] wherein each substituent denoted by Rlerr] or Rwith a

nuneri cal subscript, is I ndependent|y hydrogen or hydrocarbon based,
wher ei n hydrocarbon based is as defi ned herei nabove. Preferably at

| east one substituent is H Normally, the total 5 carbon content of the
diene will not exceed 20 carbons. Preferyed dienes for preparation of
t he pol yner are piperylene, isoprene, Z, 3-dinethyl-1, 3-butadi ene,

chl oroprene and 1, 3- but adi ene. R. R Sui tahl e honopol yners of

conj ugat ed di enes are descri beoﬁkind npthods fop * their preparation are
given in nunerous U. S. patents, inqudCrgQheCfoll owing: 10

3,547, 821 R~ 835, 053

3,959, 161 3,965, 019

4,085, 055 15yherein each substituent denoted ll?]y R, or R #ith 1D miferical subscript, isAS @
specific exanple, U'S. 3,959,161 teaches the preparation of

hydr ogenat edindepepdenthd hgdegerd or duydtooaibor dasgl, evhengio rhyhlyctadspmnbisedris ak, 4-

pol yi soprene_hec s.an alternatjng copol yner. of ethylene and propyl ene.
Copol yner s diefe'@af@w%avai Enederablyeat Jeash ahe qubstiient woHo r Nesmadlye g @ialt ed 20
di enes. ef ' . . | [ pk: ration of
honopol yﬁr s%@c%ﬁgégéﬁgiﬁéﬁgﬂgg’g %%gf‘/gﬁ?r#é’gﬁ% I%\?\A{é%dé@%%l?go%ent S
describe di efiepaagen YTahe polinéfeirosipery e Pisdpihe,Ng, 3t difidthyl-1,3-butadiene,

3, 965, 019 . 4,073,737 25

4,085,055  chloroprene and 1,3-butadiene. 4,116, 917 For exanpl e,

RO PR ot e R AR S s

With Vinvl SUBE phdpdtRRnAOFBED B eAROUNIS, Bients, includink Thfdflo i nent, the
hydr ocar bon pol ynér is a copol yner of a vinyl- Substituted aromatic

conpoundfand a conjugated di ene. The %54¥B2kubstituted
3,835,053
3,959,161
3,965,019
4,085,055
15 4,116,917

As a specific example, US. 3,959,161 teaches the preparation of

hydrogenated polybutadiene. In another example, upon hydrogenation, 1,4-
polyisoprene becomes an alternating copolymer of ethylene and propylene.
Copolymers of conjugated dienes are prepared from two or more conjugated
20  dienes. Useful dienes are the same as those described in the preparation of
homopolymers of conjugated dienes hereinabove. The following U.S. Patents
describe diene copolymers and methods for preparing them:

3,965,019
4,073,737
25 4,085,055
4,116,917

For example, U.S. Patent 4,073,737 describes the preparation and hydrogenation of

butadiene-isoprene copolymers.

2) Copolymers of Conjugated Dienes with Viny stituted Aromatic Compounds
30 In one embodiment, the hydrocarbon polymer is a copolymer of a vinyl-

substituted aromatic compound and a conjugated diene. The vinyl substituted



aromatics generally contain from8 to about 20 carbons, preferably from8
to 12 carbon atons and nost preferably, 8 or 9 carbon atons.

Exanpl es of vinyl substituted aromatics include vinyl anthracenes, vinyl
napht hal enes and vi nyl benzenes (styrenic conpounds). Styrenic conpounds
are 5 preferred, exanples being styrene, alpha-nethystyrene, ortho-nethyl
styrene, meta- net hyl styrene, patd-methyl styrene,

para-terti aryshaiol g°én¥fa@l9€‘con%ﬂ 8 ®NiboliE R0 Larbons, plefeedblY 'fRfn 8 to 12
The conjugat ed di enés generally have from4 to about” 10 carbon "atons and

preferably foadmwndtims ndamoktqrefatablys 8 o faartlon atdmsonj ugat ed di enes i ncl ude

10 piperyl ene, 2, 3-dinmet 3-but adi ene, .ch] oy oprene, isoprene and
1, 3-butadi ene,  Examplgs HP vw;ll) rsuhetated aromatigs %{“élﬁewﬁiéﬁ prfhragenesc Yyt | v

preferred. g%k ugat el

The vi nyI 5346 %I tu eesgg%c?g |b8nzcege{ ? %‘ﬁgﬁc %ﬁeenﬁgsgéfsb?ypl & y in
t he e&bﬂples%%gt Syrehe) LauphTAQ%thystyﬁngiﬁnhopmemr Sthteyie Aot 40%
t o about 60%b 15 ght. The aliphatic conjugated di ene content of

t hese copol mﬁﬁ stxreassppaé@rme;hxl rstyrene, pareniertiagyriutydstyrane vitls etyrens badegit 80%
by wei ght, pr&fﬁé@bl y about 40%to about 60% by wei ght.

The pol yrrer in particular, styrene-diene copolyners, can be random

copol ymers or bl oge & lénes h&hany ﬁ%@@mwwm{mhb%&%&&yaﬁds or

20 random bl ock copolyrrers om copo ymers are those in which
conononer s preferablr &mrﬂdmﬂ@/panbon r@am‘sy Examiplai of, cemugtgbaﬂmnestmeludml ymer

chain with no signif k| ng,.of honopol yner of either nonomer.
Regul ar !Bl é’W“&S‘g‘B? #vé?‘gmﬁwl‘tl ﬁo‘%‘% cne, ¢ Wﬂm%hlsaggeﬁﬁlqnd ﬁéﬂ&’a ne,
relatlvely I g f tgo(fﬂm faﬂfb‘?ﬂ I e
alternatelyvﬁg?ﬁ% tnosgaltﬂs%ral nué er 'of Fetat é’p?y ong ¢ a| ns 0 sgéi

honopol yner cofjugated dienes yrpasefil. nrononer. Random bl ock copol yners are those
in which a | arger nunber of relatively short segnents of honopol yner
of one type of Thewigylspbytituied ajomatis cpptent ofthesecppplymervis typieallysnithe of

hOoPOl YTer e SIS0 o AP IPt weiet, apty Jd AT B 1
t hey maysbe viagiit] al“HeYalii:haﬁ% Sdiﬂjtigé@é(ﬁ&i%ii@donteﬁf‘tﬁ' th@sle&fowl%mers is typically in
the range of about 30% to about 80% by weight, preferably about 40% to about 60%
by weight.
The polymers, and in particular, styrene-diene copolymers, can be random
copolymers or block copolymers, which include regular block copolymers or
20  random block copolymers. Random copolymers are those in which the comonomers
are randomly, or nearly randomly, arranged in the polymer chain with no significant
blocking of homopolymer of either monomer. Regular block copolymers are those
in which a small number of relatively long chains of homopolymer of one type of
monomer are alternately joined to a small number of relatively long chains of
25  homopolymer of another type of monomer. Random block copolymers are those in
which a larger number of relatively short segments of homopolymer of one type of
monomer alternate with relatively short segments of homopolymer of another
monomer.
The random, regular block and random block polymers used in this invention

30 may be linear, or they may be partially or highly branched. The relative



arrangenment of honopol yner segnents in a linear regular block or random

bl ock pol ymer is obvious. Differences in structure lie in the nunber
and rel ative sizes of t he honopol ynmer segnents; the arrangenent in a
| i near bl ock polymer of either type is always alternating in

honopol ynmer segnents. 5 Nor malir regul ar bl ock copol yners

usual ly have from1l to about 5, often 1 to about 3, preferably only

fromlto abé}i'gn§ ' I

nononer. Thus, g??ﬁdegf:h?&gg%ﬁlg@&gl ocC coélngf/arﬁe%@g%sgltg%gﬁéangPﬁgts edr{ vi nyl

aromat i ¢ nongolpmex Wobaiuhsd Differef s instrictutediccinathg emaber and relativersizes of
represent ed by a | arge bl ock of honopol yner (A), attached . to a | arge
bl ock of horbp&PPeBPLYIT segments; dhe arrangement in a’linear block polymer of either type

(Aa(B)b . %%r . e Lhed herei nbel ow. Techni ques vary
for the preplg_rala I“on" o aﬁﬂg?ph%@soym&ﬁ%%?gﬁgand "B-A-B" triblock polyners,
and are descri bedNbfindlie régil@ Hbel €opolymers USiiallgHa0& FGmPD toy vt Babften1
Simlarly, a regular linear tri-block copolynmer of styrene or other vinyl
15 aronmt i ctorabawind prefegablnenlyl fionel tzheub? rel@jvelnlargschonegpobyaerttdecksfofr

le, b . . A a(B) b .
The Thitd meseaRonoeer, e fineas otz dblock egpalymespf SyEge on ks yiap!
COROL YIB! S.  aromatic ROABRRT (RPMMd gﬁg@q&)&u}a hive 2 3o SUERR LpREeREd BYW the

honopol ymer segmnents ed wt pect to each other. For

exanpl e, |i nehtgeblodk efHoneypbimyerdAJ attbched to a hangeobieclsof lgmopoBymarn(B),(48) can

be represented by the general configurations:
(A)a- (B (Oc, (Aa-(Cc-(B)b, or (B)EMNMBherr]-(Cc, wherein the

rononer - uni e 2RA g A8 e fbRP RERRkION: TaRRiGRS HEy Sor WEBRE SR of o)

nonomer units In

are not necehs®r fAB-AendaiBA-Bltribloyk polyiherd and @endesdtibedlny the lliteracurk y
stipulation is that any regul ar bl ock copol ynmer conprises relatively
few, but relfQrpnienig pobyaerizatipier nati ng honopol yner segnents. As

Soprene o but adhByse? 3 el IReAF SRRk SRV R LGB S INEY o,
preferablsy  aromafié ﬁi&h@ﬂ@ﬂ%ﬁﬁﬁ diéheahéntmek @g@a%e ReriréRenie@Pfof eRithySle, Byor

exanpl e, bl ocks derived 3 from styrene, usual'ly ranges from about 100
to about 2000, preferably from (A)(B)(C)..

" (1:3- usual | y%égéogoﬁo?ngb@ tmalyogg incgpp%ra\lt\g S H})Qair’r 1de°b ar %i(ocfc %)Opég’npe;ssent ’
Several configurations are possible depending on how the homopolymer segments
are arranged with respect to each other. For exampie, linear triblock copolymers of

20  monomers (A), (B) and (C) can be represented by the general configurations:
(A)(B~C)e, (A)iAC) (B or B)s(A)~C)os
wherein the lower case letters a, b and c represent the approximate number of
monomer units in the indicated block.

The sizes of the blocks are not necessarily the same, but may vary

25  considerably. The only stipulation is that any regular block copolymer comprises
relatively few, but relatively large, alternating homopolymer segments.

As an example, when (A) represents blocks dertved from diene such as
isoprene or butadiene, “a” usually ranges from about 100 to about 2000, preferably
from about 500 to about 1500; when (B) represents, for example, blocks derived

30 from styrene, “b” usually ranges from about 100 to about 2000, preferably from



from about 10 to about 1000, provided that the Mh of the polynmer is wthin
t he ranges indicated as useful for this invention. The
copol ymers can be prepared by nethods well known in the art. Such 5
copolynmers usually are prepared by anionic polynerization using Goup la
metals in the presence of el ectro? zaccept or aromatics, or prefornmed
organonetal | i cs such as sec-butyl 't hium as pol ynerization catal ysts.

The st yr ene/8bemEploAbsud PI00TBAS wiief althita Hlock @ 8s Biesaiti @™ wsually ranges
pol ymeri zation, using a vari ety of techniques, and altering reaction

condi tions tfﬁml@bmﬁrnﬂt&ﬁoduhﬂ()ﬁ@sﬁrodﬁ%& Rd?| tBe fﬁatdff t8€ polymhdisis vaighih tthé'd
polymer. In an anionic polynmeri zati on, thé initiator can be either an

or ganonet al [rhngesendigaterd asischul ﬁcs’tbmmvennon al kyI lithium or the ani on f or med
by electron transfer froma Gro t.al n ar o |c rial
.such as napht hal Zlﬁ’ﬁ CORo F&f%?% ﬁ%’g E‘Fﬂiog s pesllcmoxm 1 b al kyl
l'i thium guch, yﬁﬁfs %) ?E%J oby d ty

addi ti on§of fgé t he 1%&1 ya‘% r?wfa]ob e%h Igr btﬁﬁ{eg%ﬁlenq%{) o%e‘irypo?q%%g?ﬁy
styrene. the presence oﬂﬂm:&oﬁmcedﬂt()tl m‘binhﬁd:&lmsr ipréfoinaddoorgasormetallics duch as

honopol ynmer of _one,  nmononer ., Styrene, can be selectively
prepared, wistdr buty ﬁhlﬁmwyfﬂﬂ@@m‘éa‘ﬁ]éﬁ ¥ng an ani oni c termnus, and

| i t hi um gegeni on Th'ghe &@hé)n'bfb }(e:ﬁz"#&ﬂ&sr | DSy t| fa poF"{/ apionic

|n|t|at|on S|tetowar additiona e resu ners, when

nononer guﬁemh@i Qisihgd@ Wafélof tethdiquelahd liadidg Raceén aoﬁaxhais to

m)l ecul ar vvel ght and conposi tion, and the polymer product will be
" monodi $Per peoduce  the mosiedesiable fratures in theirgewiting eolygeernolecan apionés ght to

nuoer aver 395 i e YA o LR B s e abS 40
pol ymeri z ablaﬁcy'i"ﬁﬁﬁﬁ'iﬁr ot @:etaﬂﬁm%ﬁ&%y Sledtrh %ahéf&ﬂ“ﬁb’:ﬂ‘a Gi‘c}ﬂprﬁ m&Ql' okl

produces 25 "a second segment grows fromthe termnal anion site to
produce a | iavomaficdmaterial suchlasalappthialerer Al@mfagechnr@mmaaﬂxctmaMaMs anmi t h

Styrens 8iﬂiﬁs§i}aegn§um$wwiﬁfb“q”ﬁws RO GRoB IRl U A B A
tri bl oclgpoly, e&,g[gcﬁlt?&q%al ?Jegmfn?ﬁl%ro oth@ é;;grs can be made by

consecutlve step Ions o erent mORONers in 30 di fferent

sequences. When an alkyl lithium initiator is used, a homopolymer of one monbfher,
Alternatively, a |living d| bl ockggl Iyrrer can be coug ed by exposure to an
[

agent such &L-astyliens-ksan bf salectivelyi prgpared.vwith eaele pe ARQJaswe hagiagaAn of two
A-B anionic terminus, and lithium gegenion. The carbanionic terminus remains an active

initiation site toward additional monomers. The resulting polymers, when monomer

20  is completely depleted, will usually all be of similar molecular weight and

composition, and the polymer product will be "monodisperse” (i.e., the ratio of

weight average molecular weight to number average molecular weight is very nearly

1.0). At this point, addition of 1,3-butadiene, isoprene or other suitable anionically

polymerizable monomer to the homopolystyrene-lithium "living" polymer produces

25  a second segment which grows from the terminal anion site to produce a living di-
block polymer having an anionic terminus, with lithium gegenion.

Subsequent introduction of additional styrene can produce a new poly A-

block-poly B-block-poly A, or A-B-A triblock polymer; higher orders of block

polymers can be made by consecutive stepwise additions of different monomers in

30  different sequences.



di bl ock living polyners are coupl ed using such an agent, precipitation of
Li d occurs to give an A-B-A triblock polyner. 5 Bl ock
copol ynmers made by consecutive addition of styrene to give a

relatively | arge honopol yner segnment (A), followed by a diene to give a
relatively | ar ge homopol yner segnment (B), are referred to as

pol y- A- bl ock- pol y-B copolyners of4A-B di bl ock pol ymers.

When metal napht higlddeivk AIbIGY, bl LA be (BSHIEd B! ABOGHL T dnbY 10
tal egl &%a ons lgp Rte%g?

el ectron transfer ene ring can
generate  agent @u@!ﬂh@ﬂﬁlaﬁﬁyl(‘diclﬂ&bsﬂﬂiet | When el Udfﬁdm&ﬁé FRsadseoftwOA-BONOMEr
A, in two directions si mul t aneousl y, producing essentially a

honopol yrer diflock Heingrigplamersnare qosplednising such gn agewth peesinitation of LiCl

Subsequent re of th ianion to a second nmononer (B) 15
results in f’%‘? | B W%%pgq?glﬁgﬁ’%@ “bol yA- bl ock-pol yB, or a B-A-B
triblocks p@ld(dﬁe ChgolthndRi fde VY EBndEBMiveO RHAIRLE 610 @H%Ctgn)é“ Eh
addi ti onal anionically- pol ynméri zabl e nononers of f{he sang,

di fferent chdativelyt largqahaqmopolymer degment (A0 falowed by a tiegh er give aerelathyk

pol yners. di na ck copol yners are gengrally consi ere have

up to about ‘¥B8%sy ?H’ FRREL %@m &3 are| e xtr & 0?0 g@é??"lyﬂgual |y

one ”pnomrﬁ(gﬂolf‘rﬂ%h&f&ﬁ&lblo%ﬁlpxrﬁgé 4€ faster, leading to a segnent
)

that is ric that nononer errupted by occasi onal

i ncorporati on of Whea mtaémapkthalider is diployedias ﬁmnu&e,dtﬁeomhubhcfoﬁné@be of
pol ymer referred to as a "random bl ocké‘gol ymer" or "tapered bl ock
pol yner¥0  \\pleptrep transfer fpme: mpetal, 5181 Na» aomsdpdhe nﬁﬁhibﬂemesrmg ca gemretm |y

Col Lot ver yStlishs SHGF R infie el BBitdiths B bt fithons %“é? bt GG,

segment of Ka{IARLIGIRY prdd%@ﬁﬂ’gﬁ.%eﬂlhhﬂf‘ aHond PR IARGUTA MR Rhionke termini
i nevitabl e, and this produces a short segment” of dlfferent structure.
| ncor por at i atrbagh ends. the first nononer type then produces anot her short

segnent of that Rho and.t ocess continues, to

"randomt al ternag}lg%H %tWBﬂF?cﬂftB ng\f{%ﬁo%éo asH5PR gbé
homopol r?e If; rtn%fo (Hak W & ﬁlBy rs triblock

gener al cgﬁg{?{iggi to EOﬂ ﬁg%ei?oﬁlpgg?gg{?gfh?r?:gm g:E s%?ﬁg%l O:a;; A{_
sone ynieric cdisniomnotixth wialy | conginoereo defelra Gon ganmsm ration
of the ot her, | eading tq ever | ong%[ bl ocks honopol yne %sul ting
in a taperg@ygqeg@ple monomgmgg[d}er@gne, or different chemcal type, in the forma’uon o

higher order block polymers. Ordinary block copolymers are generally considered to
have up to about 5 such blocks.

20 In a mixture of monomers, usually one monomer or another will polymerize
faster, leading to a segment that is richer in that monomer, interrupted by occasional
incorporation of the other monomer. This can be used to build a type of polymer
referred to as a "random block polymer”, or "tapered block polymer”. When a
mixture of two different monomers is anjonically polymerized in a non-polar

25  paraffinic solvent, one will initiate selectively, and usually polymerize to produce a
relatively short segment of homopolymer. Incorporation of the second monomer is
inevitable, and this produces a short segment of different structure. Incorporation of
the first monomer type then produces another short segment of that homopolymer,
and the process continues, to give a "random" alternating distribution of relatively

30  short segments of homopolymers, of different lengths. Random block polymers are



5 An alternative way of preparing random or tapered bl ock

copol yners I nvolves initiation of styrene, and interrupting with
periodic, or step, additions of di ene nmononer. The additions are
programed according to the relative reactivity ratios and rate

constants of the styrene and particul ar di ene nononer.

"Pronpoters" are electron-rich nol ecul esiBhat facilitate anionic initiation
and 10 pol ' ' b, g@g& My} Y b f s in
rates bet mégﬂrﬂ@%&gﬁr%?mnoﬁgrég r%ﬁo‘?’g{r—%&gﬁ ?og‘?dn F‘Sg%sée%ﬁsgﬁ%ay in
whi ch di ene poinmooss sacoer will bécomer duplaed;dfavoding dvergdratide phlthrether,
favoring 1, 2-pol ynerization of dienes over the . hormal 1,4-cis-
addition. leading to ever lgngen¥orksiofn bemopolsmgnsteswiting ca 8| 'denergsh blagkr s
initially obtai,ned produces 15 polyners having reduced |levels of olefinic
unsat urati or. %'genation t echni ques are well known to those of
skil'l insthe art AfOaGemafive Rwaye bl Qifepadink Or4n@biha6t thit®ed block Yie|rs with
hydrogen, often at superatnospheric pressure in the presence of a

met al cat al ystolwssdhitiation of Istyirehsl amd adtedruptingl withiipenpdicppostep.caddtianisaafc oal |

etc. dr ogenat i on., na e carried out .as tt of,the overall .
producti on E%BE élg<§1,0n}f!§1 _ﬁ&e ?édl%f’%%rﬁplr%rg?‘&u?&ac ‘?raé‘@ptﬁcﬁ“f ‘,‘tlv\r‘/?i TEpgivIty
catal yst. oi’:hﬁ)rsah&%éb&ﬁs%té’f@fttﬁé&yf@%aﬁ&ﬁ&ti?ﬁar%ienem?ﬁ&ﬁeﬁo effect the

transformation. O her techniques are known in the art. These
pol ymers may havéPoanserdt pmidlectrohaichnnolecuissithat ficilitate anfringhiniteationeand
reduced, if desired. Hydrogenation to reduce .the éxtent of olefinic

unsat ur }:19 i Qﬁo}yggﬁnzamn THES R &gsegrmg ttbe _r@émf"e differences il &GS PEIWRFN1 0 of
the olefini 9@13&%%%1?&{1%{9%9&%&&@ af3 inﬂxg%ntrclé e VR %%Q%%igho i o Hdime{ g about
into

90 to about e carbon to car Uhe pol'ymer are
sat ur at ed. e into ithe bl&clppﬁ?ﬁéf, galvdringt 1,2 peBenerization 6fdionegrovestheont ai n
no nore than about 10% preferably no nore than 5% and often no nore
t han about 0oB98llebtiguaddiiirefi ni ¢ unsaturation on the basis of t he

total anmount of finic.do e bonds sent.in the.pol r priaor to 30
hydr ogenat i on. Agyﬁbqggaa%% ,CP?F@RB?}F@F?&QE pRbames é‘PVﬁfycét?qe e‘gﬁ' ogﬂ“ﬁ‘?sat ed;
- 16- 15 p6NRIeH H&Jiﬂg rddi€eddel el B SleBhR BRAnLAU q{yda‘é‘ée‘{xaﬁ'é&ﬂfe@ﬁﬁaﬁésed-
Unsat ur ati on can be measured by a nunber of méans well known to those
of skill i nateheelaknown to those of kkidli inghé aftr dPeslcapmon mesthahis, tomontaetithe
magneti c reson?nce Sp. c%l{scﬁscopy brom ne .nunber, .i odi ne nunber, and
ot her neans “WAYTRHG : pas often At Pipgratmosp eﬁctﬂ’iﬁs‘gﬁlﬁ%ﬁﬁ?ﬁ?‘}cﬁ ora
unsat urat i opeks Okl §GOARhIR! ROSiBalP RicREE" paliaiut SabpHk! 8 charcoal, Wit Ni N the
context of this Invention.

Hydrogenation may be carried out as part of the overall production process, using

20 finely divided, or supported, nickel catalyst. Other trapsition metals may also be
used to effect the transformation. Other techniques are known in the art.

These polymers may have considerable olefinic unsaturation, which may be
reduced, if desired. Hydrogenation to reduce the extent of olefinic unsaturation may
be carried out to reduce approximately 90-99.1% of the olefinic unsaturation of the

25  intial polymer, such that from about 90 to about 99.9% of the carbon to carbon
bonds of the polymer are saturated. In general, it is preferred that these
copolymers contain no more than about 10%, preferably no more than 5% and
often no more than about 0.5% residual olefinic unsaturation on the basis of
the total amount of olefinic double bonds present in the polymer prior to

30  hydrogenation. As noted above, the polymers are olefinically unsaturated;



O her pol ynerization techni ques such as enul sion pol yneri zation can be
used. Oten the arrangenent of the various honopol yner bl ocks
is dictated by the 10 reaction conditions such as catal yst and

pol yneri zation characteristics of the nmononers enpl oyed. Conditions
for nodifying arrangenent of polymer bl ocks are wel | known to those of
skill in the polyner art. Literature ref®t ences rel atlng to

pol yreri zat i ' bl ock
ol ymer s | nol Lok Rigg, e poteihiaOG, pilaBliend htopEIsRl | X RRRalon g
Engi neeri ng"can\Wd sigasured bylznhﬁnbai @E’mea&%llslmomg; toNdoserof kklll(:h%é)art

2) A Noshay and J.E. _McGath, "Block Copolyners”, Academ c Press. New
Yor k, (1977)1*1‘31‘1dmg infrared SP“‘G)SC‘FPX} n’éﬁ%‘s anag@euc TeSPRATIEE 2 PRECTEORFAPY >

Oopol yneri zerroggae nﬁ?%l@ lda %]aner é\ﬁl‘g wo lﬁnoévﬁgtzq}xosea%ﬂllgem .

4) D.J. M nmer s B ess,
Publ i shess, ihetve ¥@f. KAro&ﬂath@ﬂsaturatlon is not coxﬁi@é}e@fto thheslefinikc edat¥tion
i ncorporated herein by reference for rel evant di sclosures relating to

bl ock copol ywsihign thezgntext of this m\r@ﬂ@mpol ymars preferably have (M[err]) in

th f about .20, 000 t t 000 f bly f bout
30, 000 o about 1880V mlEn distmigyes S o el pBlyFaPeAR oo PR ©

[err]) for thege copol yners is generally in the range of about 50, 000

to about 500, 000, preferably from about 50,000 to about 300, 000.

-17- Oﬁerpﬂie)mmngeméntw rtijmgaioad hdimepelymer blocks &f dictateddiytthe ni ng
aromati ¢ _groups yrene, yl styrene, etc. are de cr| bed in
nuner oud OpatTesiiion; ﬁ%‘!‘h@‘i’lﬁg s'c“ﬁb a catalyq:tom \Rohgnerization characteristics o

2, ggg 8%% monorferd %ﬁ?@%d Conditions for moc&fyé%,a%zﬁgement of éiolgx%%r @%&s are
4,031,020 well kAo Go Qldse of skill in the polymer art. Literature reféreflols, rélfing to
4,145,298 polymerization techniques and methods for preparing certain types of block
polymers include:
15 1) “Encyclopedia of Polymer Science and Engineering”, Wiley-
Interscience Publishing, New York, (1986);
2) A. Noshay and J.E. McGrath, “Block Copolymers”, Academic Press,
New York, (1977);
3) RJ. Ceresa, ed., “Block and Graft Copolymerization”, John Wiley
20  and Soms, New York, (1976); and
4) DJ. Meier, ed., (Block Copolymers”, MMI Press, Harwood
Academic Publishers, New York, (1979).
Each of these is hereby incorporated herein by reference for relevant

disclosures relating to block copolymers.

25 The copolymers preferably have (M) in the range of about 20,000 to about
500,000, more preferably from about 30,000 to about 150,000. The weight average

molecular weight (M ,,) for these copolymers is generally in the range of about 50,000
to about 500,000, preferably from about 50,000 to about 300,000.



4,077, 893 For exanple, U S. Patent 3,554,911 describes a random
but adi ene- 5 styrene copolyner, its preparation and hydrogenati on.

(3) Pol yners of defins Anot her useful hydrocarbon pol yner
is one in which inits main chain is conposed essentially of
aliphatic olefin, especially al pha olefin, nononmers. The pol yol efi ns

of this enbodi nent thus exclude pol ynerk7which have a | arge conponent 10

of other types of I3 b RaRed e, such
as el e e R e i D B e Py
contain inperg.t styrene, methyb styrenepétcs arehdeseriteedi ial mymeroup patbmgs sndlisding 386 by

wei ght, nore often |less than 1% by wei ght, preferably, less than 0.1%
by wei ght offoR"WBE: nonorer s. Usef ul pol ymers i nclude oil soluble or

di spersi bl e pol yners of al ph ejllns 154082 680 The ol efin copol yner
preferably has a nunber aver h;g \Q{éd(#w (Merr]) det er mi ned
by gel - permeati on chronat ogr g rQ‘pI oyr ng p sslsyrene st andar ds,

rangi ng from about 20, 000 to3 15500, 0004Hﬁt9é A from about 30,000 to
about 300, 000, often t QR0 200, 008,13¢848 of ten from about 50, 000

t o about 150,000, even 4003¢738f t en f r adph4a{298t 80, 000 to 150, 000.

Exenpl ary pol ydi spersity val uggz7,888 (M [err]/M[err]) range fromabout 1.5
to about 3.5, often to about 3.0, preferably, from about 1.7, often
from about Fof, dxampbutUZR. 5.Patent 3,554,911 Thleseibpo! yanerandare puaklenabl y

pol yners_of al pha-ol efins having, from2 to . about 28 carbon atons,
preferabfy éB’ﬁ?ﬂWP’é’m%Fsé’rﬁP@t&neﬁﬂdﬁl dEgsrationr s of et hyl ene and at

| east one o?@er %g! ﬁi g'IOPéYJL-'IlZ] from3 to about 28 carbon atons, i.e., 25

one of the Err] wherein Rlerr] is straight charn or

branched chai n alAqdther useful hydrocarbon pbBtes ak oﬁermrw&mgn Jitst @aidbcladd hon'
atons. Exanpl es include nonool efins such as : pg/mene 1- but ene,
¢

|sgbut ene, yompmeé?@sergmHEMrﬁélph@mebﬁemspemal@?m ol omlelli(mnersf ’]{‘he
1- :
8 carbon’  Potvoles 8F i blBible ik otFlaB PRl ekl ey o ek pesSonehf pon

atoms. g ef %f%ﬁid’wﬁeg%fé%non%¥mr¥ﬁnz@3% kS ﬁ&yﬁgﬂg acRBGneD QY hene

copol ymer. ontent is prefer y I n the range of
20 to 80 peersteniohymens] afid monomers, and the like. The polyolefin may contain impurity

amounts of such materials, e.g., less than 5% by weight, more often less than 1% by
weight, preferably, less than 0.1% by weight of other monomers. Useful polymers
inchude oil soluble or dispersible polymers of alpha olefins.

15 The olefin copolymer preferably has a number average molecular weight (M )
determined by gel-permeation chromatography employing polystyrene standards,
ranging from about 20,000 to about 500,000, often from about 30,000 to about
300,000, often to about 200,000, more often from about 50,000 to about 150,000, even
more often from about 80,000 to 150,000. Exemplary polydispersity values

20 (_I\wa_ﬂn) range from about 1.5 to about 3.5, often to about 3.0, preferably, from
about 1.7, often from about 2.0, to about 2.5.

These polymers are preferably polymers of alpha-olefins having from 2 to

about 28 carbon atoms, preferably copolymers, more preferably copolymers of

ethylene and at least one other a-olefin having from 3 to about 28 carbon atoms, i.e.,

25 one of the formula CH, = CHR, wherein R, is straight chain or branched chain alkyl



and nore preferably 30 to 70 percent by wei ght. \Wen propyl ene and/ or
1-butene are enpl oyed as conononer(s) with ethylene, the ethyl ene
content of such copolyners is nost preferably 45 to 65 percent,

al t hough hi gher or |ower ethylene contents may be 10 present. Mbst
preferably, these polyners are substantigily free of ethylene

honmopol yner, although they may exhibit a degree of crystallinity due to the
presence ﬁﬁﬁh ryst : Q%%gt %ﬁ%ﬁﬁ@& e
n1crostructure © 5n§1 é)?%k%ﬁgn%artlcg ar- e nentnaﬂléﬁikﬁ%aég Is a

honopol yrer  geopylkse, f-baihneé, isobutenepiHpeimene, (1alicxess)|1akidpyene] b-obihy,| lenenene,
Especially preferred is _where the polymer corrprl ses 15 termnal vi nyI | dene
ol ef i ni ¢ douBtdecensn@ts. Preferably Rl in thyiaboyr farmalas syl Rfcfomnl tg8scarbon

orocedur o wie a5 ot PRERBEEPR A of from®t 15 2Bk wbnl ) PRASAMTIES, 0\ L
in the prpdugblwﬁiér@folbmexgmswehe-pﬂifymego@uméﬂ kewi se wel | known.

One broad class of catalysts particularly suitable for polynerization of 20
a-ol efins, conpriJée edw@gnmcmwmpm&rablysnﬁxmgﬂ efs207iocf) pearcent by weight,

Zi | er - Nat t t al t t t al
Zi ool o - Nat t X0 Hetelbly 30 ofifeeet by Swient " Vhep grgpieRe oot %HtePF&FFsi tion
oLl 2t om Viote: & ARG MTelheoLRUIBY Bl of sucHEEALL s

addi ti onal com agents use

catal ysts ar mostygrefeedbdy #5 ¢e 68 peroenipaitidmgh highseoZower anhylenebgaanﬂm@ba c
coordi nati on conpounds obt ai hed . as cycl opent adi enyl | vat I ves of

a tlransﬁq gnpﬁ?nél Moste praferpbly; JheseTRBIYmSTS |26 SSugEARHaYY éfth ethylene |
ot o obbpdilt. Bindieh Shey ity BB delhel 6P BiTally WP B SRRBNE 00

as cat al yst sof ghall éigstalline polpétyiak nR@fwithiiheR RdcidbiRiAne) efl n copol yners
is described in U S Patent 30 5,446, 221. The procedure described therein

provi des et hyI enelxapmaarmndan qmbodunent the polymer is a homopolymer derived from a

-19- I th lid
unsat ur at i on g}g%‘rgs avlsoq’%ty%’ies%% ?V %%8’?%%?5}?%%&% it erlt?ﬁg}%gf;%sr ence

for rel eysant tegimﬁﬁj q;,?qri&ie olefinic double bondsP0| ynmerization usi ng coor di nati on
catal ysis is generally conducted at t enper at ures rangi ng between 20

and 300 C, pref erﬁMWObenmamﬂOy@inﬁl 269 [embod@nentSmay Feactallpnbet ipraparesl not
critical and from.sever S or ret ver al m nut es
or |ess, dep%‘%?/aﬁ %%W“FW ‘gb@?‘? g@n;se\g}@pnﬁ gh%%qvgﬂﬁ’rt@ea{the noNoMer s
to be copol yneri Z@Qtaly%ﬁdexﬁgl‘é}/éd fﬁethe Sditiofl of! fééct%ﬁﬂ #)tjylgfn@rst é}gégﬁiﬂ%&y

readi ly obtain mmre tlontl or a glvéen set reaction
par anet ers bwell dudbwne One broad class of catalysts particularly suitable for polymerization of

20  oa-olefins, comprises coordination catalysts such as Ziegler or Ziegler-Natta catalysts
comprising a transition metal atom. Ziegler-Natta catalysts are composed of a
combination of a transition metal atom with an organo aluminum halide and may be
used with additional complexing agents.

Other useful polymerization catalysts are the metallocene compounds. These

25 are organometallic coordination compounds obtained as cyclopentadienyl
derivatives of a tramsition metal or metal halide. The metal is bonded to the
cyclopentadienyl ring by electrons moving in orbitals extending above and below
the plane of the ring (m bond). The use of such materials as catalysts for the
preparation of ethylene-alpha olefin copolymers is described in U.S Patent

30 5,446,221. The procedure described therein provides ethylene-alpha olefin



experinmentation. Preferably, the polynerization will generally be conpleted
at a 10 pressure of 1 to 40 MPa (10 to 400 bar). The

pol ynmeri zati on may be conducted enpl oying |iquid nononer, such as

liquid propylene, or m xtures of liquid nononers (such as m xtures of
l'iquid propyl ene and 1-butene), agqlhe reaction nmedi um

Al ternatively, polynerization may be acconplished in the presence of

a hydrocarbaon,_i . ' Ed]lnﬁ'ﬁI A : rﬁa?% :

| sopent ane, %@&&ﬁ‘{e& %&%%?%%g%t%%gﬁ% 0 é@ﬁneﬁ%fgﬁse aﬁ%ﬁ TH ]!lg i ke.
When carryi righéreby interespdBérecty Rferéntedo@levintidigefosheshi on, the reaction
diluent (if any) and the al pha-olefin conononer(s) are charged at

appropriate rati dolymerization zsisgi cetyflination ceatalysicas egangtallyd coeductaderstt hat

all ingredients are dry,. w,th the,reactants. 20 . typicall i n d

t hrough nol éS‘_EIP%{P{‘E?SeR?égm&rb%‘?"FF&Z dr r@bn&ar@efﬁ# rb‘%ﬁe%llhg&rar% Liiied

i ntroducki orRdpten AR CRR I @HhicaloMP LAY A Yront SRR BBhisSdr Bbrel RCseREAR VSt
are i ntroduced while agitating the reaction m xture, thereby causing

pol yner i zat iminutes or less, dependieg upon fictors suwhi asetaction tamyrenasnite( the nodnanhes

ol yrer i 5. HRPRGOPITHERZ=haR Hedl s S AEHERAE Dea madaRIy SRR
polyner is [ ;

reactor. Up C:ﬁI@iB! [ . act . r a .

sol vent ar qu?t er lﬁtlas cetg’fno?&%i gotqi %I%g&ofs?{]ol?f%%%ggs ary e§/s 9 crt?ﬁnnl]neand

t he copol ynBsxperimentatibd. h @Preferably, @lie pblgmietiagtion will generally be compleel at a

pol yneri zati on may be conducted in a continuous manner by

si mul t ad@oudirgsstugedilig 40P 10498 bar uent (i f enpl oyed), nononers,

ﬁﬁ?gggte 2;( ?ri)ngl;rer n%crlgr&%@%%&sr}aa); Be Londiie etd0 émglggin\ém Ifqplgc{ B0 ers, %lughe Ql.g '
- 20- fiqRRa ;rﬁ@p}{l&ﬁ?tdi‘rmﬁﬂm%§ JfOligill OMYoRoTh&S | @EAIC @s trhiXBures of NEisdli ent s
| ong enough for formng pol ymer of the desired nol ecul ar weight; and
separating tiwepyleneyamt 1fbutene),hes thearactom medium. viAdtagmasively, polymerization | n

th i tuati wh ' the I I ' t th I duct that
5 “woul o bent BudcarEiehed ) e reencopl B setethgd SR PEReuEETHEEMR: | han
desi r ed;;5an¥ych as butdh &%taﬁﬁ,ggﬁﬂeﬂféﬁé,pﬂ&?% idoBctaPle dbdrRl tohlene [ BflefeOghd ol  Of

nol ecul ar wei ght, such'as t ymeri zation tenperature control, may
be used. the like. The polyners are preferably fornmed in the substanti al

absence of added H? as, that is H2 s added in ampunts effective to
substantially red@?%“ Pﬁ@’iﬁg [oFhrhe polymerization n a batch-type fashion, the reaction

diluent (if any) and the alpha-olefin comonomer(s) are charged at appropriate ratios to

a suitable reactor. Care should be taken that all ingredients are dry, with the reactants

20  typically being passed through molecular sieves or other drying means prior to their
introduction into the reactor. Subsequently, componeni(s) of the catalyst are
introduced while agitating the reaction mixture, thereby causing polymerization to
commence. Alternatively, component(s) of the catalyst may be premixed in a solvent
and then fed to the reactor. As polymer is being formed, additional monomers may be

25 added to the reactor. Upon completion of the reaction, unreacted monomer and
solvent are either flashed or distilled off, if necessary by vacuum, and the copolymer
withdrawn from the reactor.

The polymerization may be conducted in a continuous manner by
simultaneously feeding the reaction diluent (if employed), monomers, component(s) of

30  the catalyst to a reactor and withdrawing solvent, unreacted monomer and polymer



The pol yners can be random copol yners,
bl ock copol yners. Ethyl ene propyl ene
Bl ock copol ynmers may be

10 nmol ecul ar wei ght .
bl ock copol yners, and random
copol ymers are usual ly random copol yners.

obt ai ned by conducting the reaction in a tubular reactor. Such a
procedure is described in U S. 4,804,794 which is hereby incorporated by 15
reference for rel evant dlsclosures in tA?s regard. Numer ous

Uni ted Stat gg, ‘?Qz}c%or sb 26 tlo &Qﬂfﬁcglm%&ﬁﬁﬁ idf%nblih for forming

preparation o ymers of aI
3,513, 096 polymer of the desued‘knﬂl@&ﬂﬁ'ir?elght, and separating the polymer from the reacfiorb51, 336

4,081, 391 . 3,562, 160 4,089, 794
3,607, 749  muxture. 4,098, 710 3,634, 249
4,113, 636 32, 661

3. 992, 310 In those simatigni Wegftggthe mol%clﬁng g} %ﬁt of the polymer product tjxhg‘)?) 1’ 020

4,138,379  would be Froduced ata %xven set of operaﬂn%)MS is hlgher than desired, 4nyl 44, 181
Copol yners of ethylene with higher al pha olefins are the nobst comon

copol yners ofﬂmlﬁeﬁbaquaslmbwhlmﬁlepﬁdnyaheﬁoecqmquplfaméewtqnovqrgm;smhrasthme nmost
20 commn eg,ﬁ%/lene aI oI ef| n (‘1 rs, and are preferred for use in
this Ao W a% e@feﬁiyl ene- propyl ene copol yner

appears in U'S. Tpe phrddd ,a}@ﬁemm tbridiPcY shOSRIAPERLAL BEAEIR WY

r ef er ence.

Usef ul et hylgesjethal jshid, ghseddded insurmiuhts effeltives e sybistiptialn esduco el polpmer ar e
comercial ly avail abl, e from nunmerous sources including the Exxon, Texaco
and 10 | e weig ratlons (4) A efin-Di ene Copolynmers 5

Anot her ef ul ciall
| ower ol g?i ng ylgl &%‘B errea‘ﬁo(f%g?l nserr%i\r‘tg a{{cﬁwlﬁ%’gl’%’: %gd %gﬁlels maz
be non- blockcvapumieeﬁ mayréﬁapwteas coptﬂﬁmbis&hrﬂﬁmg i €6polyaersul

ol efins and di enes are the sanme as those described hereinabove and
herei nafter B Wkd‘i:%?@lbg@ﬂ@ mydfre drsived py comducting the repstinmsin a1 @bular reactarn one

enbodi ment, S &? oS Ol e 1s c%les01§i'lglede"1trlleL'S'.3 Q?Bdﬂl%rwl%cﬁfxs herei)y incorporated by

15  reference for relevant disclosures in this regard.
Numerous United States patents, including the following, describe the

preparation of copolymers of alpha olefins.

3,513,096 4,068,057
3,551,336 4,081,391
3,562,160 4,089,794
3,607,749 4,098,710
3,634,249 4,113,636
3,637,503 4,132,661
3,992,310 4,137,185
4,031,020 4,138,370
4,068,056 4,144,181

Copolymers of ethylene with higher alpha olefins are the most common

copolymers of aliphatic olefins. Ethylene-propylene copolymers are the most

20 common ethylene-alpha-olefin copolymers and are preferred for use in this
invention. A description of an ethylene-propylene copolymer appears in U.S.

4,137,185 which is hereby incorporated herein by reference.



«copol ynmer. As used herein, the termlower refers to groups or conpounds
cont ai ni ng no nore than 7 carbon atons. Preferably, the diene is
non- conj ugat ed Especially preferred are ethyl ene-propyl ene-di ene
copol yners. These copol yners nost often will have Merr]
rangi ng from about 20,000 to 15 about 5§Q, 000, preferably from about

50, 000 to about 200, 000. In another enbodi nent, the Merr] ranges
from about 70, 000 degulab@yiendalphd Mefid NefAIP AthyTBiSpropylend) spRIyMNE ate
relatively narrow range of nolecul ar wei ght as represented by the

pol ydi sper sicopmertialy Mvpidabié from pumedous Fppices inojuding éhep Exyati, skexaen ayd val ues
are less than. 10, nore often | ess than 6, and preferably | ess than 4,
often bet weerfP5izal{Gomoragigns. There are numerous commrercial sources
for lower olgfin-GlBRHiePe For exanple, Otholeum 2052 (a
product nmar k(g ed %ﬁﬁ)el D Lc’%ggﬁ(h,oirsrpany) which is a terpol ynmer having
an et hyl éne: pr opyhmotkerwsefyih hydmtarbow bobhwmutis bie d&ivwddrom olefmon¢specialiyg 4- 5
wei ght % of groups _derived from1, 4-h di ene nono

) ex r. &her
commer ci al | yOWepleHns. @nd disnes,- Frefereed:¢) ﬁ%raipharﬁgﬁléﬁ- NgIcBEhPRE BE B9BOPY | ene

25 | ] ' it ' tadi W th
ooyt PO IBhahlch br SR ISHOR RALOGRG Ol R ANGH L EAR 0l |
mat eri al s arsgme as thése adbdribed hatelrabbwe arfd Ikréinafthr 6 discaRidny GE bthenpolyiet hods

for their preparation are described in nunerous patents including the
fol | owi ng Ut®espat ent s:
232%60 451)3 In one embodiment, the copolymer is a?ii 26%%?178 owsly ol%ﬁn—diene

4,026,809  copolymer. As used herein, the term lower refers to groupSerbogpbdiiis containin.
4 156 061 POY™ ™ 20 7019 g

4, 357, 250 1Gio mbreSthaRdt earborB 2688, 7 B&:ferabhly ctheddiens ishmon-¢dngugated fagpatialin of
t hyl - -1, 4- )
eLhyl ene-pr %?glijer?'gf are eﬁiylene-propylene-dxene copolymers.
These copolymers most often will have I\_/In ranging from about 20,000 to

15 about 500,000, preferably from about 50,000 to about 200,000. In another
embodiment, the M o ranges from about 70,000 to about 350,000. These polymers

often have a relatively narrow range of molecular weight as represented by the
polydispersity value M,/M « Typically, the polydispersity values are less than 10,
more often less than 6, and preferably less than 4, often between 2 and 3.

20 There are numerous commercial sources for lower olefin-diene copolymers.
For example, Ortholeurn® 2052 (a product marketed by the DuPont Company)
which is a terpolymer having an ethylene:propylene weight ratio of about 57:43 and
containing 4-5 weight % of groups derived from 1,4-hexadiene monomer. Other
commercially available olefin-diene copolymers including -ethylene-propylene

25 copolymers with ethylidene norbornene, with dicyclopentadiene, with vinyl
norbornene, with 4-vinyl cyclohexene, and numerous other such materials are
readily available. Olefin-diene copolymers and methods for their preparation are

described in numerous patents including the following U.S. Patents:



hexadi ene terpolyners, is illustrative. This patent also |ists numerous
ref erences descri bing the use of various polynerization catalysts.
Anot her useful polyner is an ol efin-conjugated di ene copol yner. An
exanpl e of such a polyner is butyl rubber, an isobutyl ene-isoprene

copol yner. 15 Details of various types of polyners, reaction
condi tions, physical properties, and the |like are provided in the
above patents and in nunerous books, in@Ruding: "Ri egel's
Handbook of Industrial Chem stry”, 7th edition, James A Kent Ed. ,

Van Nostrand Reinhold Co., New York (3294780 Chapters 9 and 10,

P.J. Flory, "Principles of Polynmer Chespgasy”. Cornell University Press, 20
It haca, N. Y. (1953), _ " Ki § ko r Encycl opedi a of Chem cal
Technol ogy", 3rd edition, Vol. 8 4’ﬁ gptoners, Synt hetic, and various
subheadi ngs thereunder), John W] ey gfi 2 , New York (1 979).

Each of the above-nentioned books andpat s i s hereby expressly 25

i ncorporated herein by reference for 46200t di scl osures cont ai ned

t herein. Pol yneri zati on cha2&P¥b be effected using free radical
initiators in a well- known proc&3872%kneral ly enpl oyi ng hi gher
pressures than u coordi nation cat al yg'{oz These polynmers may be

DG T edtentp- Raenh ) d08JaRapBishdsseihes ghe Prepaggaon IR ROPUERT
levels. As [l-%&%ﬁen@%%&% {10 ﬂl\fg?XtiJ akgpR! FHtént h3o0fi&ts Nondbous REdréilces

reacti on w e carpo I't "reactant.
-23- deBoribbh@theRi8t Widrious polymerization caAlystfol ymers are pol ymers
conprising a nucleus and pol yneric arnmns. Common nucl ei include

pol yal kenyl conpobmatber ysefal |pplyzasrp sunas olefnicggiugated ediepe copolymexo An
non- conj ugat ed al k ., gr s, .usual | rou t.tached to el ectron

W t hdr awi ng ex%‘npieg‘?%ﬁé;gpgﬁ’g‘!e? 1Sé?‘%ﬂfﬂ‘?{%egrﬂ?clg(%u?ylﬂeélsﬁ%??%%oiy‘ﬁ?rm; are
of ten hqropol yMersetdildof various §PEObY BN Ber] relbtRMIIndiBORS, Phasital priisaat ed

di enes, vinyl substituted aroratic conpounds such”as nonoal kenyl
ar enes, honmpdithmikesare pravtiddd inshesabolve patehis ked ésnumerous bakpsotclating:

of usef Ul star poRyFReS HapeOk o fndisuinl Chesis; dib SHigoan Ao A on.
They frequedd yweNGsMoiGdidndi@eg!, Rw YO0 @9PH! ChNer99%nk 90,
P.J. Flory, “Principles of Polymer Chemistry”, Comell University Press,
20  Ithaca, N.Y. (1953),
“Kirk-Othmer Encyclopedia of Chemical Technology”, 3rd edition, Vol. 8
(Elastomers, Synthetic, and various subheadings thereunder), John Wiley and Sons,
New York (1979).
Each of the above-mentioned books and patents is hereby expressly
25  incorporated herein by reference for relevant disclosures contained therein.
Polyrﬁeﬂzaﬁon can also be effected using free radical initiators in a well-
known process, generally employing higher pressures than used with coordination
catalysts. These polymers may be and frequently are hydrogenated to bring
unsaturation to desired levels. As noted, hydrogenation may take place before or

30  after reaction with the carboxylic reactant.



about 2 mllion. The polyners thus conprise a pol y(pol yal kenyl
coupling agent) nucleus with pol yneric arnms extendi ng outward
therefrom The star polyners are usually hydr ogenat ed such that at

| east 80% of the coval ent carbon-carbon bonds are 15 saturated, nore often
at least 90% and even nore preferably, ? | east 95% are saturated. As
noted herein, the polynmers contain ol efifii c unsaturation; accordingly,

they are not(ﬁ%ﬁ%y unsaturated before reaction with the carboxylic
react ant. e pol yvinyl conpounds meki ng up the nucleus are
illustrated by  Star mmllyﬂérkeﬁylpoaymaescorm:mng di wuclpds hadzoivmenid apnd.y
vinyl aliphatic compounds. Di enes making up the paolyneric arns

are illustr a@@@nw %%eamc@fd@ qu@élmheompoundaﬁﬁualbécqmmmdwbmag abhw

Cheraor 1 n SietiSredriles iR aitobt 5 o B OaPhEbto plectrol Wipikhidt
anot her @Tbogkbﬂpﬁtegt BRNAEmRIE. IERd $6 ﬁnfeh@@rﬂis%@%f@ﬁ%dﬁh&ﬁbﬂyrﬁé&?%ﬂt ut ed

conpounds. | yet another enbodi nent, arns conprise polyi sobutyl ene
groups, 25 capbtyamers i afotienss, epreferably wga,tugdedll tbﬁ@sccymlyws‘stutedr awngtici ved

from di enes are frequent| st ant aII dro at ed ed t hat
they are notCOBBRYGds %%mono Wﬁfﬁ‘ﬁﬁ??a soﬁmgn \rl'i’“?

car boxylic rfg@ gl'ﬁhso - dmlxnn%ts"i‘l‘ierpﬁ yrrers are vveII known in the art
Such materia prepari ng sanme are described in nunmerous

publ i cations and W&nlas ,wengthﬂ; W@Paypédkd of useful star polymers range from about

- 24- followng United States patents which are hereby incorporated
herei n by r e2®f@oeabout 4 million. Make fequentlydave My, emgirgnframrabdut H08; 0o
4,116,917, - 4,141,847, 5
4,346,193, about2million. 4, 358, 565,

0 ettt T g AR RSB il LAl ©
M xtures of poMmeric me @dt&fduig @atward uerfionat eThd e OsdyReR ael us@ils nay
be used. I n anot her enbodi nent, m xtures of one or nore of the
ol ef i ni cal | yhydrogenated such that at least 80% of the covalent carbon-carbon bonds are

15  saturated, more often at least 90% and even more preferably, at least 95% are
saturated. As noted herein, the polymers contain olefinic unsaturation; accordingly,
they are not exhaustively unsaturated before reaction with the carboxylic reactant.

The polyvinyl compounds making up the nucleus are illustrated by
polyalkenyl arenes, e.g., divinyl benzene and poly vinyl aliphatic compounds.

20 Dienes making up the polymeric arms are illustrated by butadiene, isoprene
and the like. Monoalkenyl compounds include, for example, styrene and alkylated
derivatives thereof. In one embodiment, the arms are derived from dienes. In
another embodiment, the arms are derived from dienes and vinyl substituted
compounds. In yet another embodiment, the arms comprise polyisobutylene groups,

25 often, isobutylene-conjugated diene copolymers. Arms derived from dienes are
frequently substantially hydrogenated, provided that they are not exhaustively
hydrogenated before reaction with the carboxylic reactant.

Star polymers are well known in the art. Such material and methods for

preparing same are described in numerous publications and patents, including the



unsat ur at ed hydrocarbon polynmers with one or nore ol efins, other than the
ol efinically unsaturated hydrocarbon polyners identified as reactant (A) of
this 15 invention, may be used. Exanples include m xtures of any of the
hydr ocar bon polymers (A) with | ower ol efins, such as al pha-ol efins
containing up to about 100 car bo atons polyoleflns for exanple

pol yi sobutyl ene, especially high vinyl T pol yi sobut yl ene, having

nol ecul ar hts r rom 0. about

et hy! ene- pr RITEE VR B Steh SRIeAR MR Ave ook %ow&m b BY o

t radenane Trfb},%[@aﬁrmsdmy&t&gtaméd%rg@yal Chem cal Co., and others. In one
enbodi nent (A) further conprises 1 equivalent carbon to carbon doubl e bonds

to about 2 nol es of ol efinical4}168%t urat ed pol ymer having Merr]
rangi ng from about 300 to | ess 4, g0, 000, often less than 1 0, 000,
per nol esof carbon to carbon double 4346 193p0onds in said olefinically

unsat urated pol yner having M rangi ng jgﬁnﬁout 20,000 25 to about
09

500, 000. The Cat al yst process of this invention is
optionally conducted in the pr g%nce 1’ acidic catalyst. Acid

catal ysts, such & Qdipies apélboBRefciAR &b%ﬂaﬁlerfo%ﬁmble .as ¥heRvis 200 sold! uene
sul fonic aC|d and net hane sulfonlc aci"d, het eropol yacids, the conplex acids

30 of heavy Skelldltemial o, M, Sn, V, Zr, etc. ) with phosphorl c acids
e. hosphonol ic acid neral a
|(_|[ e?r] stfer rf ang‘q %wg PYO-Or R olgftx]mcarﬂy unsaturated hydroca:obon po ?3%&3 may

- 25- ake NSET uI Solid acidi c catal ysts are useful. These include
mat erial s such as acidic clays, for exanple H2SO4 treat ed di at onaceous
earth supplied uridesndlxe sabedifiener mixtures Fof tanel or anate pof ytheroléfmicallyaci ds

such as those sup ed under t nanme Anberly rmn useful solid

catal ysts amBESHER gadc hygno e%é%ﬁyxagrmmomémwmn@ﬁén thay 93 The
t of

oo 5SS e AR, H AP Ok,

% 1bas @Qveﬁﬂoﬂﬁn_ﬁr% wef uselief Exdreplee asdhed¥ mixtures o(fainy of The IRk C

React ant e carboxylic reactant is at | east one nmenber sel ected
from the greelymeas (4pmwithslowaryo owph ah @dphefolefins dostaining up to about 100

carbon atoms, polyolefins, for example polyisobutylene, especially high vinylidene

polyisobutylene, having molecular weights ranging from about 500 up to about
5,000, ethylene-propylene-diene compounds such as those identified by the
20  tradename Trilene and marketed by Uniroyal Chemical Co., and others. In one

embodiment (A) further comprises 1 equivalent carbon to carbon double bonds to

about 2 moles of olefinically unsaturated polymer having M , ranging from about
300 to less than 20,000, often less than 10,000, per mole of carbon to carbon double

bonds in said olefinically unsaturated polymer having M ranging from about 20,000
25  to about 500,000.
[he Catalyst

The process of this invention is optionally conducted in the presence of an
acidic catalyst. Acid catalysts, such as organic sulfonic acids, for example, para-
toluene sulfonic acid and methane sulfonic acid, heteropolyacids, the complex acids

30 of heavy metals (e.g., Mo, W, Sn, V, Zr, etc.) with phosphoric acids (e.g.,
phosphomolybdic acid), and mineral acids, for example, H,SO, and phosphoric acid,



[err] wherein each of Rlerr] and Rlerr] is independently Hor a

hydr ocar byl group, preferably H or lower alkyl, Rerr] is a divalent
hydr ocar byl ene group, and nis 0 or 1, and reactive sources thereof
Most preferably Rlerr] is H 15 Reactive sources of (B) include
conpounds of the formula [err] wherein each of Rlerr] and Rlerr
and each Rlerr] is independently H or a2hydrocarbyl group, Rerr] is

di val ent hy ﬁ&&igy u i S

ket al s, fiﬁem ai:g?f?(fg&gﬁdﬂﬁaé@iet Sgﬁﬁ) q??%)malagéest er ségqﬁgraag%%ﬂl{ﬁ ghly
preferr ed arcﬁytshﬁr example MyPOY ResediRk@hateoteadth stplEefd]undﬁr ﬂxydmm&iwi and
one is H E wherein each of Rerr]. and R[err]

i ndependent IKjitiq ,cﬂnda)dwmrdwnéwdg sefthoas thesscipplied undsr Wﬁeﬁﬁﬂleﬂ@s‘

ot oup. - pr ot PREHD uhSL PR ey ariiabidiq o sfiot B FESPARARRET IO 85 o
al kyl, apd '}\15@% The amount of catalyst used is generally small, ranging from about 0. 0126‘

0 or 1, preferably 0. Especially preferred are the gl yoxylate | ower al kyl
ester, | owemole % to ahouy 10 hele 3¢ enaxt sftefio ghout Drtemeledf do abaft @ mole %,

React ant (B)basngdyonblﬁogsgggpgggo}e&w he formula [err]

B ¢ Car lic Reactant
The carboxylic reactant is at least one member selected from the group
10  consisting of compounds of the formula
R'C(O)RY, CO)OR* V)
wherein each of R® and R’ is independently H or a hydrocarbyl group, preferably H
or lower alkyl, R is a divalent hydrocarbylene group, and n is 0 or 1, and reactive

sources thereof. Most preferably R*isH

15 Reactive sources of (B) include compounds of the formula
R’0
R"'—(l?— ®R%;—C(O)OR® (VD
R0

wherein each of R’ and R® and each R’ is independently H or a hydrocarbyl group,
R* is a divalent hydrocarbylene group, and n is 0 or 1. These include acetals, ketals,
20  hemiacetals and hemiketals of (IV) and esters thereof. Highly preferred are the
compounds wherein one of R%is hydrocarbyl and one is H :
R’O
R? —-é-—(R‘) C(O)OR? V)
1O

wherein each of R® and R’ is independently H or a hydrocarbyl group, especially
25  wherein the hydrocarbyl group is lower alkyl. R’ is a divalent hydrocarbylene
group, preferably lower alkylene, R’ is hydrocarbyl, preferably lower alkyl, and n is

]

a



5 wherein each of Rerr] and R5 is independently H or alkyl. Such

conpounds ari se when the carboxylic acid or ester reactant is

hydr at ed. Rlerr] is usuallu H or an aliphatic group, that is,
al kyl or al kenyl, preferably al kyl, nmore preferably | ower alkyl.
Especially preferred is where Rerr] is_H or nethyl, nost preferably,
H 10 Rlerr] is a divalent hyd?%ﬁ:‘ar byl ene group. This group nay be
al i phatic or [ ' ' ' , is an
21yl ane or Sp L BERBTY Erostilly pRertBfist Yol B fowl A8 cofh Johbr | = 0
0 or 1; thatalkyshemirconl. @yllidtdmat alWwefidl. 1 S present and in anot her
enbodi nent, R4 us absent. Mire often, r4 is absent. When

Rlerr] is hydroc&eggtant (B) may heagompound ofithefomanle group, often a group 15
containing froml to abou:ﬁ%ﬁ carbon atons, often from8 to about 18 carbon
3

at ons. I n anot her e inment, R5 is | ower al k&mv\herein "] owner
is Hor |ower

al kyl" is defined hReCARMr-EC(OYOR® of ten, R

al kyl , especially nethyl, yl, propyl and butyl .
Exanpl es of carboxylic reactants are glyoxylic acid, and other onega- 20
oxoal kan®i ¢ vderas cagh pHxR{ iand &iid independentlykdtar alkWanSich ecnmsindsiehseas
pyruvic acid, | evulinic acid, ketovaleric (ftci ds, ketobutyric acids,

esters t her &hen thg earboxyllic acidix ester l’eqC_Emé}Shé’ “esters, the heniacetals and
hem ketal s of ketgg-;.qfc, Ahdenydoal ket Coro h@?(ﬁas\?/é]u&?%? aﬁ&nﬂ,ﬁg%‘t‘é}abﬁr aci d

and keto al kanoi ¢ aci ds- such as pyTuvic a%?’dt, I'ni c

ket oval eri ¢ alkgil, dBoregsrefetablyolowey aike]. dspdsiallp peefelel is whepsRO sk 0g nietistial s and
25 ketal s, and nunerous ot hers, including nethyl glyoxylate nethyl

heni acet al , mpst preferably, By | benzoi ¢ acid, 4-formyl phenoxyacetic acid, esters

t her eof ,,and car hax) .. benzal d e. The skid.led worker. havi t he
di scl osbﬁ2 e befor 2{3 h%érﬁl %ﬁlﬁn??g?.&qc?{%ﬁjene gr?%‘oét‘i“f ST “&aﬁpP%SﬁP‘é"fQ% or
car boxylic W@pbut(ﬁ)usﬁzﬁlgeﬂghmc.teﬁe&w Rla@ McflénkStoup containing from 1
-27- i nternmedi ate. Preferred carboxylic react antPs are t%ose t hat

will |ead tto phefdroagebn atoms. Phothids & cofl; that &, imomnembediment R is present | n "an
especially preferred eg&)})}jrrent‘;R[ rr d err}.are hydrogen and the
other 7 Bpditgrioter GREDAER R poSert, S SRt ISP anbod: ment . he
reactant is repragrdff ® RYnydrocarbyl, it is usually an aliphatic group, often a group

15 containing from 1 to about 30 carbon atoms, often from 8 to about 18 carbon atoms.

In another embodiment, R’ is lower alkyl, wherein “lower alkyl” is defined
hereinabove. Most often, R is H or lower alkyl, especially methyl. ethyl, propyl

and butyl.
Examples of carboxylic reactants are glyoxylic acid, and other omega-
20  oxoalkanoic acids, glyoxylic acid hydrate, keto alkanoic acids such as pyruvic acid,
levulinic acid, ketovaleric acids, ketobutyric acids, esters thereof, preferably the
lower alkyl esters, the hemiacetals and hemiketals of keto— or aldehydoalkanoic
acids such as glyoxylic acid and keto alkanoic acids such as pyruvic acid, levulinic
acid, ketovaleric acids, and ketobutyric acids, and the corresponding acetals and
25  ketals, and numerous others, including methyl glyoxylate methy! hemiacetal, 4-
formylbenzoic acid, 4-formylphenoxyacetic acid, esters thereof, and carboxy
benzaldehyde. The skilled worker, having the disclosure before him, will readily

recognize the appropriate carboxylic reactant (B) to employ to generate a given



5 the structure [err] and known as gl yoxylic acid nethylester
nmet hyl hem acetal. It is narketed by DSM Fi ne Chem cal s.

The process of this invention conprises reacting (A) and (B), optionally in
10 the presence of an acidic catalyst, and is conducted at tenperatures
rangi ng from anbient up to the Igﬁxa;_st deconposition tenperature of
any of the reactants, usually from about 60[err]C to about 250[err]C,

more of ten fiﬁi}gn@‘?ﬁ’c& PRGLRS l&%@g@%&d@%m&%ﬁ will 1edd t% jar@fehxedup to

about 160[err € process enp om about 0.25 to abou nol es
(B) per nol eproduats ef this invelmiohl € bonds in (A), often fromabout 0.8 nmoles to
15 about 1.2 moles (B) .per nple of ol efinig doule bonds in nor e

A),
often from about Inan es??ﬁi‘@b’ prsicaed embagimant, R bd K| 2 hy@ygg@nd%@% sthsr _
ol efinic do@ ﬂg% ﬁﬁtp&f‘fjlsnutgfsl R/re%ﬁe% iepbg@?x?en@,rtﬂg ?%a%tag?}'s xg regém&i"ﬁ ed in

t he presence of a dilue rircating viscosity.

O her di kuenhs st@ytulee used; particularly if it is desired to renpve
the diluent before further use of the product. Such other diluents include
20 relatively low boiling point |iquHsOsuch as hydrocarbon sol vents and
the like. The process may be conHuclied in a kettle type reactor. Under
these conditions, it is freqdéﬁt y‘%ﬁﬂ%ﬁﬁageous to utilize a diluent
to i nprove processing. Alternatively, ot her reactors may be used. In
one particul ar embodi ment, the reactofr 18 an extruder. Usual |y,

250 a | uan ool dr Py PR Py B bbbt s fadsl v DSV P

hydr ocar bon mpé ¢EBmidaRy be subjected to hydr ogenati on to reduce the
nunber of double bonds that are present. Wen this is done, it is
frequently done bBfeopmcessadtthisrinventinn ichmpdsesomagtingc(A)emdt (B)1 optidoaBy én |

22 o Wi SHRESLYS) Bl dhScer b, pel et contelning, oL, e, e
AL ASSEp U ARARNRROLED copud o R iy e
from about 60°C to about 250°C, more often from about 100°C to about 180°C,
preferably up to about 160°C. The process employs from about 0.25 to about 4
moles (B) per mole of olefinic double bonds in (A), often from about 0.8 moles to
15 about 1.2 moles (B) per mole of olefinic double bonds in (A), more often from about
0.95 moles to about 1.05 moles (B) per mole of olefinic double bonds in (A).

The process may be conducted in the presence of a diluent, usually an oil of
lubricating viscosity. Other diluents may be used; particularly if it is desired to
remove the diluent before further use of the product. Such other diluents include

20 relatively low boiling point liquids such as hydrocarbon solvents and the like. The
process may be conducted in a kettle type reactor. Under these conditions, it is
frequently advantageous to utilize a diluent to improve processing. Alternatively,
other reactors may be used. In one particular embodiment, the reactor is an extruder.
Usually, processing in an extruder does not require the use of a diluent, although a

25  diluent may be used if desired.

As noted hereinabove, the hydrocarbon polymer may be subjected to

hydrogenation to reduce the number of double bonds that are present. When this is

done, it is frequently done before reaction with the carboxylic reactant. However,



t he nunber of remaining, unreacted, double bonds. 5 The foll ow ng
exanples are intended to illustrate several conpositions of this

i nvention as well as nmeans for preparing same. Unless indicated otherw se
al | parts are parts by weight It is to be understood that these
exanpl es are intended to i1l ust ratzlg several conpositions and
procedures of the invention and are not nt ended tolimt the scope
of the inve ﬁ%[j%ml I e&lm‘ﬂ:

stirrer, N2nelhr? twé%g her ﬁag%o(])mu%?lzml S ct?ﬁngn BFeaiE;ERth@ﬁUéS:%go partg)of a
100N mi ner al olefitic bBady maybe figst redcodd witle thelarboaglic rgentncmrsuiNzhg 4 portion
160[err]C. To the heated oil 1050 parts of an_, )

et hyl ene- pr dfythe plefimchondspthen dbg ct may besyhisripde hydrprarptiopdaredicenpl e %

et hyl ene gr y e i ene groups, about one carbon
to carbon dgﬁgﬁuﬁggﬂé‘ %ﬁn} %’dﬁm jte% ﬁ%lf%z ﬁ‘%fgg wei ght units, is added, over
3 hours while nﬁlmeafdlloﬂﬁn&@ﬂhﬁ?ﬂé]; @ré ifleddéd thiBfstrate seve&m%;idafuoﬁbqsﬂ 12

hours at 160[err]C with N2. Anot her reactor equi pped with a stirrer,
t her nocoup! ethisanventoaras Svell ks mcatps forr (preparing séme &Im&mtemwbcatahdthmenhﬁt is

char ged W th 28 ar f mer tlon e conten of the
reactor are HESALGP O@ba'e%;‘id? %@&?@%&Qﬁ’ﬂoﬁﬁa esrf’é? F'R}Fnéﬁﬁ)} Bxyl at e
met hyl hem 3aglidhe severff gQﬁaﬁaBﬁn OﬁPE&J&%P&%f'tﬁ@ﬂivﬁn@cﬁi %:daélé bt HHiQRRqof
silicone antlfoamareadedfo by m xi ng heating to
145[err] C omednﬁitmésbmerofahdntvhmmeatl ng at tenperature for 6 hours.

The materlals ar? ?trlpped at 145[err]C at 12-15 mmHg for 1 hour.
Exanpl e 1§ 2gixample | A reactor equipped with a stirrer, N2 inlet, and

t hermocoupl e is cf qlf;ﬂg:g 200 r t . .

et hyl ene- propyl ene-di cycﬁhfppge?a éhe cé’gg? f;I/&rre\s\"rgnd tﬁgmfocogﬁﬂe 3l Char%?d with
Exanpl e 1 wgosh paﬁts Toh@rlmmﬁméraltdiﬂﬂ?etrblltanh@a)%[leﬁv'éd by hwa&[geunﬁdér NJ,eoadded
0. 28 parts gl yoxyl ate nmet hyl hem acetal and 2 drops nethane
sul foni ¢ aci 1&0°¢h$o the heateén@ir 1850 rpartp o mp@x@&pmyimfdéwc}qpemémn@ 3

hour Lhen {0 Bk e Bobd S POl U Bt ' ol "hi "8 S 44007 S

Exanpl e 13 dxcyclopentadleng hgroRp) Cadet Une F&APIY Qo leakiSon’ ABEBIE CBbddE REACB00
met hyl gl yoxylate net hyl hem acet al with an equival ent amount of 50%

aqueous gl yonglecwarageight watspisiadded, over 3 hatrewhile maigaining 1608C tand N, thén
Exanpl e 4

mixed for about 12 hours at 160°C with N,. Another reactor equipped with a stirrer,
thermocouple, and Dean-Stark trap fitted with a condenser and N, inlet is charged
with 2800 parts of the polymer solution. The contents of the reactor are heated to
20 110°C whereupon 11.2 parts methyl glyoxylate methyl hemiacetal, 1.96 parts
methanesulfonic acid and 2 drops of silicone antifoam are added followed by mixing
and heating to 145°C over 0.75 hour and then heating at temperature for 6 hours.
The materials are stripped at 145°C at 12-15 mm Hg for 1 hour.
Example 2
25 A reactor equipped with a stirrer, N, inlet, and thermocouple is charged with
300 parts of the ethylene-propylene-dicyclopentadiene copolymer in oil solution of
Example 1 which is then heated, under N,, to 90°C, whereupon are added 0.28 parts
methyl glyoxylate methyl hemiacetal and 2 drops methane sulfonic acid. The
temperature is increased to 130°C over 0.3 hour then to 135°C where the

30  temperature is maintained for 4 hours with stirring.



The process of Exanple | is repeated replacing glyoxylic acid with an
equi val ent anount of levulinic acid. Exanple 5 A reactor
equi pped with a stirrer, Nerr] inlet, and thernocouple is charged with 10
300 parts of the ethyl ene-propyl ene-di cycl opent adi ene copol yner in oil

sol ution of Example 1, 1.2 parts nethyl glyoxylate nethyl hem acet al
and 3 drops net hane sul fonic aci d¢299he nmaterials are m xed and heat ed
to 145[err] Cg,unders N2, for 3 hours. The materials are stripped at 15
nm Hg at 145] err G for 1 hour. Exanple 6 15 The procedure of
Exanpl e 5 i s repeThegrecesepf E&alﬁplbal i repehieyl Irelholo yaatliyd glyoxylateehdiliy]

hem acetal are used. Exa 7 A reactor equipped with a

stirrer, N2 hﬁn@@etalawhtmmw@pﬂ ampunt Hatlepawsaus glyoxylicysdl, Famoyingf t he
et hyl ene- pr ogg}% e-.dj f%cl opent adi ene copolymer in oil solution of 20
Example 1 an ﬁ%‘t%ﬁ gl yoxyl ate nethyl hem acetal which are m xed
thoroughly. ¥Q &sa, are added 0.21 part nethane sulfonic acid and the
materials are m xed. The materials are heated to 145[err] C then are
heI d at tenper at uifbe frpoceds mfulbxample 1 is refirateduaeplaciag sglpoxylist adigpeidh 2an 15 mm
at 145[er£4C for 1 ho anple 8 25 The procedure of
Exarrpl e7is ‘8}53453?@6“0 g%{}FV%EWCFﬂEéT edi ents are charged bef ore
m Xi ng. Exieen e The procedure of Exanple 5 is repeated
enpl oyi ng 700 paélfs of the pol yrmer in oil solution of Exanple 1, 2.8
parts met hyl gl yoAyleatter epiipped viedhns stieéraN, ariek, Bndithefiflocoupkerik cha‘gbdimh
sul foni c, aci d,

E]z(anpl e i 300 parts of the efiydens-proprignedisyclopantasiene °°P§1YFIEC|5é%u°écF°B}R§’§mf :1 hat
Saarti onat 0B, B2 s met b RRRERmeb P nfRlaElhg afa & Soll Hidhlle! N 2"

sulfonic acid. The materials are mixed and heated to 145°C, under N,, for 3 hours.

The materials are stripped at 15 mm Hg at 145°C for 1 hour.

Example 6
15 The procedure of Example 5 is repeated except 2.4 parts methyl glyoxylate

methy] hemiacetal are used.
Example 7
A reactor equipped with a stirrer, N, inlet, and thermocouple is charged with
300 parts of the ethylene-propylene-dicyclopentadiene copolymer in oil solution of
20  Example 1 and 1.2 parts methyl glyoxylate methyl hemiacetal which are mixed
thoroughly. To this are added 0.21 part methane sulfonic acid and the materials are
mixed. The materials are heated to 145°C then are held at temperature for 6 hours.
The materials are stripped at 15 mm Hg at 145°C for 1 hour.
Exampie 8
25 The procedure of Example 7 is repeated except all ingredients are charged
before mixing.
Example 9
The procedure of Example 5 is repeated employing 700 parts of the polymer
in oil solution of Example 1, 2.8 parts methyl glyoxylate methyl hemiacetal and 0.49
30  part methane sulfonic acid.



A reactor equipped with a stirrer, N2 inlet, and thernocouple is charged

wth 1500 parts of the ethyl ene-propyl ene-dicycl opent adi ene copol yner
in oil solution of Exanple 1 which is then heated, under N2, to
130[err]C. To the heated oil solution are added 6 parts nethyl

gl yoxyl ate nethyl hem acetal and 1.06 parts nethane sulfonic 10 acid, the
tenperature is increased to 145[err]C amgp-is held there for 5 hours

fol |l oned by si4ipping at 15 mm Hg and 145[err]C for 1 hour.
Exanpl e 12 M A reactor is charged with 500 parts of an 89.5% oi l

sol ution of a ter oheYi®iedure of ExamplenD isepydi@NxdepOmyd AR réaztib® afd béfosslt
57:43 by weight and containing about 15 4-5% by wei ght 1-4 hexadi ene units

and on neat Buipping, eapaigealsereminedrwitk agladdigipnal 200 Paalﬁ@éﬁtthelm‘l purerghr bon
to carbon douhl e bond (Othol eum 2052, DuPont) and 50 parts of 50%
aqueous gl yo>? lic acid. The materials are heated, under N2, at 150-

200C for 8 heuhsmpwigl e collecting 36 parts of distillate in a Dean-Stark
trap. The product is filtered at 190-200[err]C yielding a materi al
havi ng saponi f i catA macthoequippeddwiiDa stizer] Natinlet) apé thesmoduple isetiarged oviflt | on
at 1760-1785 senti Iy

t Ihe pr f)pedur ég@ @é\?fﬁp‘ée@flenmgljpé’%éilwlmﬁg{eéﬁﬁ?p‘ﬁymew@dglz WePmet part s
glyoxylic ac %gaf&ér r?@@;?%ﬁg&g@%ﬁnﬁgﬁ,@qﬁ%] “oltBL h?at&pUirl Sofulln are

filtered at avi ng saponification no = 9.9,
neutral i zati addedb 6 panty eyl hapRidhtihgl Bérﬁlabétdi alt me p&&nahmewulﬂ)hldwas
infrared absorptlon at 1760- 1780 cn[er Par t
A 10 ach Aﬂ’§é¢IHP¢T®THIQ)1§ lq‘gcﬁsghﬁq H455C apdgs Deldherp @Qraﬁh@ﬁéfqlmmw ock
copol ymer 30 in ul ar f about 200, 000 and whi ch has been
hydrogenateds'tr{?f’ eat95 M 14986901 Rur

-31- E%éﬁ#%ﬁlz: removi ng about 95%of its olefinic unsaturation, in
1170 parts PetroCanada 100N oil is prepared by mxing the two

mat eri als, under M2reaftor iscchiarged gvitit SABPEts of an 89.$%rdil ®intion of a terpolymey
Leactor TS CRaget i 400 par Lo ol e okl 2 abuton o Farl ATkl o S
methane 15 4-SAbhoiigacy ﬂexauwiﬁ@ "unhi® ahd'6n HRAtHaER! Sveligt MGRLAS Waghfat err] C
about 1800 per carbon to carbon double bond (Ortholeum 2052, DuPont) and 50
parts of 50% aqueous glyoxylic acid. The materials are heated, under N,, at 150-
200°C for 8 hours while collecting 36 parts of distillate in a Dean-Stark trap. The
product is filtered at 190-200°C yielding a material having saponification No = 2.74
20  and which shows infra-red absorption at 1760-1785 cm™.
Example 13
Following essentially the procedure of Example 12, 500 parts of Ortholeum
2052 and 25 parts glyoxylic acid hydrate are heated at 190-200°C for 8 hours the
filtered at 180°C yielding a material having saponification no = 9.9, neutralization
25 number (phenolphthalein indicator) 1.9 and which has infrared absorption at
1760-1780 cm’™.
Example 14
Part A
A solution of 130 parts of a styrene-butadiene random block copolymer
30 having molecular weight of about 200,000 and which has been hydrogenated to the



hours. After heating, the materials are vacuum stripped for 0.2 hour at 20

nm Hg. Exanpl e 15 A reactor is charged with 400 parts of
the oil solution of Part A of Exanple 10 14 and 1.07 parts nethyl

gl yoxyl ate nethyl hem acetal. The materials are heated to 145[err]C
and are held there, under N2, for 5 houks. After heating, the materials are
vacuum stripped at 20 mm Hg for 0.3 hour. Exanpl e 16 The
procedure of @Sﬁ‘tf@r&n%ﬁng%bé&%% §fitd SIBfiAe uAShthfABoR, 3R 4970 trbCanada

styrene-but adi ene copol yner with a tapered bl ock styrene-but adi ene

copol yner of 100N oil ie peepateil dly Inyixingahe ame matdriats, trader W fpn 6 han atlé3d%e of
hydrogenatloE Exanple 17 The procedure of Exanple 14 is
repeated rep g the random bl ock st yrene- but adi ene copol yner vvi t h
a butyl rubber idan 0 8
and isoprene (1. S%rrlg}ateio qs %ﬁ%%e&qgmv?‘gg&gﬁ% O%gs% °x QH&HAIPBFPQ\Q A% ar WEI ght
of 450, 009 aRgamplep 1%7umatmm§/1 glyoﬁjrla&bmumylz%mmcetal arkk 0.2 | partd Gnethane

Fol | owi ng substantial ly the procedure_ of nple 1, a 15%in oil soI ution
of an @ﬂfﬁ?ﬂ‘éﬁ@dprﬂpwrebielh@ma@ﬂmiﬁ AEi @@@c@pb‘!%?ﬁe@ndabeldsﬁb@el ar Bxanpl e
1 but having | owe ar.ed. 800,.parts of
the oil sol u{"?‘gﬁ (Xgeré%in eri sareviciuu?x Btélpggf P?&f (i %Ig nmet hyl
hem acet al . ExampleB$2npl € 19 A reactor is charged wi th 1000
parts of the ol I;[sol ution of Exanple 1 and 100 parts of a

pol yi sobut yl ene ( ¥ =actpr isGhajged avitn¢0partst of tbewilesohition|of\PartyA iofl Ememple

groups, 1he vy 1B Sl L SRS bS] efhé Sl PR B

gl yoxyl at e, tddre 10 fD’lltﬁ added.
The mat er i a%mbar eﬁéri%act eg‘ﬂgtepléb err]a%IEFE 2(,111% © %}Ja?s'rsgrtehen
stripped at tamjuersttippeaired 2030m Hg for 1B kdoprf or 1 hour Exanple 20 5

An et hyl ene- propyl ene-di cycl opent adi ene (63 : 37: 1.5) weight copol yner
(Uni royal) ig_m@d@x ed in Petro Canada |OON oil to prepare a solution

contai ni ng npgtﬁ 0 I%Xce\ﬁ%feg U EORYIY B s TN APIEHRS HRN bbby v

procedure of Exa
15  styrene-butadiene copolymer with a tapered block styrene-butadiene copolymer of

essentially the same molecular weight and degree of hydrogenation.
X el?
The procedure of Example 14 is repeated replacing the random block
styrene-butadiene copolymer with a butyl rubber identified as a copolymer of
20  isobutylene (98.5 mole %) and isoprene (1.5 mole %) having a viscosity average
molecular weight of 450,000 and mole % unsaturation of about 2%.
Example 18
Following substantially the procedure of Example 1, a 15% in oil solution of
an ethylene-propylene-cyclopentadiene copolymer as used in Example 1 but having
25 M, about 25,000 lower is prepared. and 2800 parts of the oil solution is reacted with
11.2 parts methyl glyoxylate methyl hemiacetal.

Example 19
A reactor is charged with 1000 parts of the oil solution of Example 1 and 100

parts of a polyisobutylene (—1\/—1,, 1000) having about 70% terminal vinylidene
30  groups. The materials are mixed and heated to 110°C whereupon 5 parts of methyl



700 parts of the oil solution are reacted with 2.61 parts nethyl glyoxylate

nmet hyl hem acetal in the presence of 0.25 parts nethane sulfonic
acid. The theoretical 10 saponification no. = 1.75. Exanpl e 21

The procedure of Exanple 20 is repeated enploying 0.5 parts nethane

sul foni c aci d. Exanpl e 22 15 The procedure of Exanple 20 is
fol | oned except the polymer in oil sol ut32on further contains 0.1% by
wei ght 2, 6- djic t. yl - B S cedure
of Exanpl e qziiy(})gi?ér{ge’pljgg ggﬁgﬁn%k%% %nél ?ﬁ pol y&n%%%;s%lf%?? acid are a‘si% ut%ér)l of
Exanpl e 22. miterialbafsieheed@ 4t 160°C, under N,, fof 6ehduiro e birippell ab146A0 &nd2P3 i s
repeated using 2.1 parts nethyl glyoxylate nmet hyl hem acet al .

Exanpl e 25 mmHgfor1hourThe procedure of Exanple 20 is repeated with 575

parts of the.g | rin 25 oil solution, 1.606 parts nethyl glyoxylate
nmet hyl hem ?@‘%M‘é 0. 3836 parts nmet hane sul fonic acid. To reduce
foamt ng, 50. 0|485 g@ﬁfe&yﬁnci}ar&ﬁl&ﬁecﬁé&&@eﬂ{aﬁﬁﬁeq&aﬁ : 1.55 Wleigh®RBpét oam
agent is enpl oyed.

- 33- KiJampyal) 26dissolved PaP¢trorCanada 100N oil to Potparena isglution enniaidiky t he

procedure of mple 1, an_oil sgQlution is prepared fr 15 rts of
et hyl ane-14% Gy wrabtephanes. enllooring sebsealy ibs prossdwg of foragpll T

et hyl ene- pr I ! i t 2 A8padm ol 4

wei ght % of 08 ﬁ?égdr[fg‘h%?h éﬁd\?g rrom&gt‘f@?ézh()‘eJl %or bo?ﬁ%?ﬁ%@%ﬂ'@g@ Ier age
mol ecul ar wdieglidcendl ialtheitpresence ofl 825 Ofts(pedhysd yiilforde atidn dThel thevnetical

equi val ent wei ght based on C=C of about 23,000, and 85 parts of 100
neut r al 1R neppgnifegtionno. =195t B 10 A reactor is charged with 800
parts of th flles ution of Part A of this exanpl e. The solution is
heat ed, und ) 120[ err] C whereupon 4.2 parts glyoxylic ~acid
methyl ester, netTh phReBas GfakxdnflE!B0 & fepested knigibliawesls artdeatihage t O

sulfonic acid.

Example 22

15 The procedure of Example 20 is followed except the polymer in oil solution

further contains 0.1% by weight 2,6-di-t-butyl-p-cresol.
Example 23
The procedure of Example 21 is repeated employing the polymer in oil
solution of Example 22.
20 Example 24
The procedure of Example 22 is repeated using 2.1 parts methyl glyoxylate
methyl hemiacetal.
Example 25
The procedure of Example 20 is repeated with 575 parts of the copolymer in
25  oil solution, 1.606 parts methyl glyoxylate methyl hemiacetal and 0.3836 parts
methane sulfonic acid. To reduce foaming, 0.0485 parts of a kerosene solution of a

silicone antifoam agent is employed.



1450C. The tenperature is maintained for 6 hours, then the batch is vacuum

stripped (145[err]C/ 15 mm Hg). 15 Exanpl e 27 The
procedure of Exanple 26, Part B is repeated enploying 4 drops of
met hane sul fonic acid during the reaction. Exanpl e 28

The procedure of Exanple 27 is repeated enploying 2,000 parts of the 20
polymer in oil solution, 10.4 parts of -@&HA and 10 drops net hane sul fonic
aci d. E ~rgMile the invention has been explained in relation to
its preferre‘é TRIELY" o mhodi ments, it is to be understood that various

nodi ficati oRarttthereof will becone apparent to those skilled in the
art upon reading_the specification. Therefore, IS be under st ood

that the inventi 88l m%mauﬁil&w@umfeﬁp@@mé wzésolsﬁa%lmepared

f'gg'_f cat | O&ﬁ)ﬁ{ Ii'? axf't.s1 IIQnet- hr%ﬁl%ﬁ) gth9 en %%Bbﬁ%%endeg)ﬁﬁré%ﬁ,gx?WQPnadl t he

reactions pr @ﬂ’xb*!éhe@?opyl&le weli ht ran& 6§ aboud 52 | 8R.8hd BHRai fdbﬁhﬁ‘ﬁ%%hﬂ%éﬂ urated
hydr ocar bon pol yneér having ﬁf[‘err] 3 rangi ng from about 20,000 to about

500, 000, whereuphderpeid/fem ethy mtnoaqume, waight w@trggmnqlead& wgghtoofaibomt GPC

k nol f 4,000 0 1 I
Win o 180,08 o Grend, deptepficat SR giept SR OREE om Bfodt bl 1 fe
group consi s logg a?;ti 85% arts%?'i@@ﬂélﬂ:%lﬁﬁnérgleolf ormula [err] 9 wherein each

of Rlerr] and Rlerr] |s I ndependently H or a hydrocarbyl group, Rerr] is a
10 dival enPatur ocar byl ene group, and n is 0 or 1, and reactive sources
t her eof i0 A reactor is charged with 800 parts of the oil solution of Part A of this
example. The solution is heated, under N,, to 120°C whereupon 4.2 parts glyoxylic
acid methyl ester, methyl hemeacetal (GMHA) are added followed by heating to
145°C. The temperature is maintained for 6 hours, then the batch is vacuum stripped
(145°C/15 mm Hg).
15  Example 27
The procedure of Example 26, Part B is repeated employing 4 drops of
methane sulfonic acid during the reaction.
Example 28
The procedure of Example 27 is repeated employing 2,000 parts of the
20  polymer in oil solution, 10.4 parts of GMHA and 10 drops methane sulfonic acid.
While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will become
apparent to those skilled in the art upon reading the specification. Therefore, it is to

be understood that the invention disclosed herein is intended to cover such

25 modifications that fall within the scope of the appended claims.



127 The conposition of claim1l wherein reactant (B)._J of
gl yoxylic 2 acid, the hydrate thereof, and a conpoun(gjlmwmm‘ﬂm]ﬁm
[err] 4 wherein each of R3 and R err] and each S s W

i ndependently H or a hydrocarbyl group, 5 Rlerr] is a dival ent

hydr ocar byl ene group, and nis 0 or 1. 1 3 The conposition of claim
1 wherein (B) is nethyl glyoxylate nethyl 2 hem acet.al or a | ower al kyl
ester of glyoxylic acid. 1 4. The3éonposition of claim1 wherein (A
the olefinically unsaturated polynmer 2 contai ns an average of from about
1 to about 90¥batgsekimedisdoubl e bonds per 3 nolecul e based on the M
[err] of the olefinically unsaturated polyner. - 1 5. The conposition
of claim1 wherein (A) cqgntains 1_0I§lfini ¢ doub] e t%ond per 2 every 20 to
about 7, 000 dar bor® £Pmpesition comprising the reaction product o

-35- 1 . The conposition qf .clajm 1 characteri zed by th [ esepce
within it struct Lﬁ‘\s, 2 aﬁ?f’ﬁ%ﬁ‘?‘ﬁ%?‘ﬁ%b Wa*a%ﬁfﬁﬁicﬁ%%ﬁm‘@%%@
derived fromrggg- HCEuP 20008 doNhboud 500KOD vheRORE SpdIPmb ks not b stdr
The corrpos3i tion of clai rg%.}f \M?’er eitr?ntﬁoe olefinically un%a?rﬁlr atsec?ohyd?ocar bon
4  polymer, and up to about GPC peak molecular weight of 4,000,000 when the
5  polymer is a star polymer, with

(B)  at least one carboxylic reactant selected from the group consisting of

R’C(O)(RH,C(O)OR® av)

6
7  compounds of the formula
8
9  wherein each of R® and R’ is independently H or a hydrocarbyl group, R*'is a

10 divalent hydrocarbylene group, and n is 0 or 1, and reactive sources thereof.

1 2 The composition of claim 1 wherein reactant (B) is at least one of glyoxylic

2  acid, the hydrate thereof, and a compound of the formula

R’0
R”-(l,‘— (RY— C(O)OR® )
3 R’(l)
4  wherein each of R® and R® and each R’ is independently H or a hydrocarbyl group,
5 R%isa divalent hydrocarbylene group, and nis 0 or 1.
1 3. The composition of claim 1 wherein (B) is methyl glyoxylate methyl

2 hemiacetal or a lower alkyl ester of glyoxylic acid.

1 4. The composition of claim 1 wherein (A) the olefinically unsaturated polymer

2 contains an average of from about 1 to about 9000 olefinic double bonds per

3 molecule based on the M, of the olefinically unsaturated polymer.

1 s The composition of claim 1 wherein (A) contains 1 olefinic double bond per

2 every 20 to about 7,000 carbon atoms.



vinyl substituted aromatic 5 conmpounds; 6 (3)

aliphatic olefins having from2 to about 28 carbon atons; (4)

ol ef i n-di ene copol yners; and 8 (5) star polynmers. . The
conposition of claim?7 wherein the hydrocarbon polyner is (1) a 2 pol ymer
of dienes, wherein the diene conprises a3onjugated diene selected fromthe
3 group consi sting of isoprene, butadiene, and pi peryl ene. 1 9. The
conposition of cl ai el n I.S of

copol ymerolof ga‘ co?ﬁ%é@é{gggﬁd&%ﬁ?ﬁqﬁw%%%wgEggﬁ/%%eél&égfr‘%‘%%ai?si %tmé:(t)l%rrgound,
3 wherein t§faniveydgesofhiboirt 01 /6 abs@rBiiotps defvadorh $BR p&t oM ftolefipound
| and the conjugated diene is selected fromthe group consisting of

i soprene, 2 dobebenssdn (Ahd piperylene. 1 10.  The conposition of
claim?7 wherein the hydrocarbon polyner is (3) a 2 pol yner of

al pha-ol efins having from2 to about 28 carbon atons, wherein the 3

al i phati c ol efi ns_TROBEHSRitRINUTRIRIES Whérein the olefinically unsaturated hydrocarbon |
-36- - 1 11. The conposition of claim 10 wherein the aliphatic olefin
conpri ses 2a bpelgmer is apleastame mdmebeyselpeted fronrihe groaw consistingf: et henyl i dene or

vi nyl i deneg, ol efi ni ¢ . doubl e . _bonds. 1 12. The conposition of
claim1 V\A%er ein t h@)hyég'mgsdjﬁmﬁ&! ymer is (4) an 2 olefin-diene
copol yer gher ei n 1ecflotihisCOMRIhR-A! BkhEN AR ORUb#ARA Hhokaflc 3

di ene i s a non-conjudgated di ene.
5 compounds; .

2 pbl ynmer is at |east one nenber selected fromthe gr ST . 3
(1) polyners of dienes; 4 (2) copolyners of coqmg%'%:lﬂuﬁmﬂ th
c M H *
7
1 8

6 (3) polymers of aliphatic olefins having from 2 to about 28 carbon atoms;
7 (4) olefin-diene copolymers; and
8 (5) star polymers.

1 8. The composition of claim 7 wherein the hydrocarbon polymer is (1) a
2  polymer of dienes, wherein the diene comprises a conjugated diene selected from the

3  group consisting of isoprene, butadiene, and piperylene.

1 9 The composition of claim 7 wherein the hydrocarbon polymer is (2) a
2 copolymer of a conjugated diene with a vinyl substituted aromatic compound,
3  wherein the vinyl substituted aromatic compound is a styrenic compound
1 and the conjugated diene is selected from the growp consisting of isoprene,
2 butadiene, and piperylene.

—t

10.  The composition of claim 7 wherein the hydrocarbon polymer is (3) a
2 polymer of alpha-olefins having from 2 to about 28 carbon atoms, wherein the
3 aliphatic olefins comprise aIpha-bleﬁns.



1 13. The conposition of claim1 wherein the hydrocar :

but yl 2 r ubber. 1 14. The conposition of clai W ml”llmm l
hydr ocar bon polynmer is (5) a star 2 pol ymer, wherein ec rry ranges
from about 100,000 to about 2 mllion. 1 15. A pr ocess conpri sing
reacting at a tenperature ranging fromabout 60[err]C to about
250[err]C, optionally in the presence ofzgan acid catal yst, a m xture
conpri si ng 3 (A an ol efinically unsaturated hydrocarbon
pol ymer havi njl.M [Eher pompasifiongof cldm 10‘ wberetuizbe aliphtatio @befirocontpises 801000

“WQ?QCLPSr o) G s SRSt e Pl epsprifenesor visy e lesisie, oBFlF

W th onds. (B) from about 0.25-to about 4 nol es per nol e of
olefinic c?oub? lgonds 8 in (A of at |east one carboxylic reactant
selected fromthe group consisti ng of 9 conpounds of the formula 10
[err] 11 wherei n_each of Rerr] gnd R err] is independently H.or a

hydr ocar b)ll g}%up The cpmposition, of clatgy | avasreing thgr Bedipqam polymgtis (dhann i s
0 15
wherein (A {OPRRGHDe SOBOGHE: WABIROhe olofin cbmpsidls ot BRI afd b ™

carbon douwbl edlbmﬁ&m_@lnmghtea dignees of oI efinically 3 unsat ur at ed
pol ymer having Merr] ranging fromabout 300 to | ess than 20,000 per
-37- 4 nol e of carbon to carbon double bonds in said olefinically

unsaturated ppjymeqy, composition of claim 1 wherein the hydrocarbon polymer is a butyl
2 rubber.

1 14.  The composition of claim 7 wherein the hydrocarbon polymer is (5) a star

2 polymer, wherein the M , ranges from about 100,000 to about 2 million.

ok

15. A process comprising reacting at a temperature ranging from about 60°C to

about 250°C, optionally in the presence of an acid catalyst, a mixture comprising

(A)  an olefinically unsaturated hydrocarbon polymer having M, ranging
from about 20,000 to about 500,000 when the polymer is not a star polymer, and up
to about GPC peak molecular weight of 4,000,000 when the polymer is a star
polymer, with

(B)  from about 0.25 to about 4 moles per mole of olefinic double bonds

in (A) of at least one carboxylic reactant selected from the group consisting of

OO0 N N B W N

compounds of the formula
R’C(0)(R*,C(O)OR® (Iv)
wherein each of R® and R’ is independently H or a hydrocarbyl group, R* is a

—t et b
[ T =

divalent hydrocarbylene group, and n is 0 or 1, and reactive sources thereof.

1 16.  The process of claim 15 wherein (A) further comprises from about 1

2 equivalent carbon to carbon double bonds to about 2 moles of olefinically

3 unsaturated polymer having M, ranging from about 300 to less than 20,000 per



5 haV|ng M rangi ng from about 20,000 to about 500, 000

process of claim 15 wherein (B) is at |east one menber sellmﬂgtﬂummﬂmrﬁuﬂd
group consisting of a glyoxylic acid, a | ower al kyl ester

and a 3 | ower al kyl gl yoxylate, |ower alkyl hem acet al

olefinically unsaturated 4 hydr ocarbon polynmer is at | east one nenber
sel ected fromthe group consisting of: (1) polyners of dienes;
6 (2) copolynmers of conjugated Hienes with vinyl substituted
aromati c 47 molengfocdrBen to Barbon double Kohds df site bRfiaically ivpbatitatdopalfines
having from 2 to about 28 carbon atoms; 9 (4) ol efin-diene

copol yner $; a¥inkM ranging fitoh) atsdu@ 20,000 yoaboat 500,000. 18. The process of

cl ai m 15 conducted in an extruder. 1 - 19. A product prepared by the
process of any one of clains 15-18.

1 17.  The process of claim 15 wherein (B) is at least one member selected from the
2  group consisting of a glyoxylic acid, a lower alkyl ester of glyoxylic acid and a
lower alkyl glyoxylate, lower alkyl hemiacetal, and (A) the olefinically unsaturated

W)

4  hydrocarbon polymer is at least one member selected from the group consisting of:
5 (1) polymers of dienes;
6 (2) copolymers of conjugated dienes with vinyl substituted aromatic
7  compounds;
8 (3) polymers of aliphatic olefins having from 2 to about 28 carbon atoms;
9 (4) olefin-diene copolymers; and
10 (5) star polymers.

1 18.  The process of claim 15 conducted in an extruder.

1 19. A product prepared by the process of any one of claims 15-18.



