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I nvention This invention relates to the devel opnent of novel polyneric
conpositions that have utility as new generation dispersant-viscosity
nodi fiers. Overbased 10 conpositions have an excess of netal carbonate
and, for that reason, .are consi dered basic conpositions. Because overbased’
conpositions have this excess basicity, be they overbased am nes,

over based aci g, 0ryBYRFRASPh HinSASAMS eeofpacted with
conpositions poss GG o > % i r E}fRd I Invglntl on
15 U. S. Reissue 2 1l § sol ubl e

1% 4 9 (o I f ol yam nes and

metal salts of s ' grq]

processes for thé 'UPrhese salts are prepared by a process
whi ch conprises reacting, at a tenperature within the range of from about
20C. to about 250C., (A) about twyes8enkYesfilds Of a succinic conpound
selected fromthe class consisting of 20 hydrocarbon- substituted succinic
aci ds and hydr ocarBéningemsion irglgieet the develnpaenhpfhgayel prownwiscqominesitipes

hydr ocar bon s LS ULk S 2 0.-al L I car, ns, (B)
about one equ‘?&%:lfﬁe‘%t gtgjity}%brggir églﬁée?%g?a@%é%stagtn‘f@g%%%g Ieﬁonc?{%ﬁ)eagé dgl ass
consi sti ng of comtpositionyetaby exzbdsaf meel eabértatanetdafor tHaesdsoncad wonsideadd zi nc
oxi des, hydroxides, carbonates an coho] ates and the.cgpnbi nation

| |
o e e e e RipaSROR . dbaiee b Bon et R R ot ho

cl ass consi stheg odérbaed ahiing, otabhdl BEEAlor dveRdsed Casesdits, #ef Ccan eckel , and
cobalt halides and nitrates, and (C) fromone to about five equival ents of

an ani ne sel L Vitheamnoeiietspossershigerislq fypctopality| Kyl ene pol yani nes and

hydroxy al kyl -substituted al kylgpg RRk%edH-Meentidd the usual case from
about one to about two equival ents of amne Ts used. 30 U S. Reissue 27, 582

(Kahn et 1&l ., Febridifr Reigsue 26433 (heShen évguss SaddeR) aelpias toil soluble metal
deteroent o SRR 3Pl R0, SRR A TR SRS T
such as CO2, th2Spreparatitd. Thésk44RIrdrdpdrédINAA @dBId which comprises reacting, at =~
a temperature within the range of from about 20°C. to about 250°C., (A) about two
equivalents of a succinic compound selected from the class consisting of
20 hydrocarbon- substituted succinic acids and hydrocarbon-substituted succinic
anhydrides wherein the hydrocarbon substituent has at least about 50 aliphatic
carbon atoms, (B) about one equivalent of a basic metal reactant selected from the
class consisting of alkali metal, alkaline earth metal, lead, cadmium and zinc oxides,
hydroxides, carbonates and lower alcoholates and the combination of an alkali metal
25  hydroxide and inorganic metal salt selected from the class consisting.of alkaline
earth metal, lead, cadmium, zinc, nickel, and cobalt halides and nitrates, and (C)
from one to about five equivalents of an émine selected from the class consisting of
alkylene polyamines and hydroxy alkyl-substituted alkylene polyamines. In the
usual case from about one to about two equivalents of amine is used.
30 U.S. Reissue 27,582 (Kzhn et al.,, Pebruary 6, 1973) relates to an overbased
detergent-dispersant for an oil corposition prepared by reacting a metal base, such

as barium hydroxide or calcium hydroxide, with an acidic gas such as CO,, H,8, or



S in the presence of an amde, imde or ester derived froma

hi gh- nol ecul ar wei ght nonocar boxylic or polycarboxylic acid of from40 to
250 carbon MOM4E8d from an organi ¢ nitrogen-contai ni ngccaspmigd havi ng
at | east one ami no group or hydroxy group, including al kyl ene pol yam nes,
hydr oxyal kyl am nes and N-hydroxy 5 al kyl norpholinones. Usef ul
conpositions are prepared by bl ending these reactions products into fuels
and lubricants. U S. Patent No. 3,189,543 (Criddle, June 15, 1965) is
directed to | ubPi émthergreseppecelsen emidpobnits onsstemdarizep fiotr e Highetnyletudart he use
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cal cium soap o 2- hydr o}% aﬁg%@l c acid (or jts egui val ent), _cal cium
acetate in amo(Hit Qe ol b B EYIeRe Boliacst Bidrasypliyigingand A-eydeasy ci um
soap of 12-snyda@m&hiRAinines.atiéh @xGB88oRasErEpa8RSthdd Gk Fadins

hydroxi de, and cal cium carbonate in anmounts sufficient to Inpart 1 nproved
consi st ency t oPARE i1m fgleanddubrisaiidsi ti on, whi ch cal ci um carbonate is
obt ai ned by reacti it } yidl 0xd J D tent .No.
3,271,310 (LeSuer, rt%gg%ag%%% glséigégg)bﬂrﬁ%l ‘a 1lt;aesi@t’gS(?ls(g\L/‘é éﬁggeg‘it%%tbng%ﬁﬁosi tions
and to hydr ocaghb®a conpgstsingoers petictlaiy tonge keofScemein dgpnite to paprovectikar | y,
the reference [.el.ates.t.0 novel class ,of .chem .cal. conpositiaqns useful as
20. detergent s{" g]rclld&‘regds1 MBI G S, w%frf’tfyl fhcnﬁgﬁl«gf‘ oﬁa??%&ﬁ‘)éﬁpf’?fmrlsh?r%

ref er ence i0el aineiased byrixtcatporaing trredf ahyileslanls p@xpg@mgbiyhi&,%i&yg@ései c

aci ds. The hydrocarhon-substituted succinic conpounds of the netal salt

conposi tions afERCELR FAPtadS LFAANP 808P Y nhthydroxy gswq il 6 itvgReveendhhydri de
or nal eic aci deafiién acetdih FBIBEBE BEmWEhOB Yo 9lr§did for RhcrPmoClY Qld Datgd

hydrocarbon or other high nol ecul ar wei ght hydrocarbon containing an 25
activating pol %8P §fibZhydrepynttearic agid, e@eg?lm ¢xpeessed astviakchink bydraxiddy|zed of

activating the,uhydr 0 i r. he reaction.with
mal ei ¢ anhydri cﬁa or ctg{?g& ac?‘dgﬂ!ﬁ‘ﬁgé‘g l&lgra}m%?’%gg%‘?%’%% rclt\’/nosfs\%ggy ﬁoeé?%{ung

equi val entl3Sporgreasesompositivn, miichi calciurhycdibokee isaoistaingd] b qasdiag urdzowitexanpl e,
at a tenperature.within.the range of fromabout 100C to about 200C. The
resulting pr ochrJagchi1 éymé&ﬁ%/edr ocar bon-substituted succinic 30 anhydride. The

succi ni ¢ anhydri de ihfyPhent el r D2 Y7HI EOSiALSHMIRIRS BONIEEIredtdsdiob¥ew 2 WO
01714433 PCT/ lc‘;lg&%lzc%gxggsitions and to hydrocarbon compositions containing the same. More
particularly, the reference relates to a novel class of chemical compositions useful as
20 detergents and rust inhibitors. Still, more particularly, this reference relates to metal
salts of hydrocarbon-substituted succinic acids. The hydrocarbon-substituted
succinic compounds of the metal salt compositions are readily obtainable from the
reaction of maleic anhydride or maleic acid and a high molecular weight olefin or a
chlorinated hydrocarbon or other high molecular weight hydrocarbon containing an
25  activating polar substituent, i.e., a substituent which is cababie of activating the
hydrocarbon molecule with respect to the reaction with maleic anhydride or the acid
thereof. Said reaction involves heating equivalent portions of the maleic anhydride
and hydrocarbbn, for example, at a temperature within the range of from about

100°C. to about 200°C. The resulting product is a hydrocarbon-substituted succinic
30  anhydride. The succinic anhydride may be hydrolyzed to the corresponding acid by



treatment with water or steam The hydrocarbon-substituted succinic acid is
preferred fo& the purposes of this invention. U S. Patent No. 3,496,105
(LeSuer, FEPPOUM317, 1970) relates to a process for reBEVPSY24 ons of
acidic materials with basic netal -containing organic. 5 conpl exes whereby
the anions are incorporated into the netal -containing conplex. The anions
of an inorganic acid can be reacted with a basic, carbonated Goup ||

nmet al - cont ai nj i [ hor ' I e i.on
product . The "BEsEACPAR i LAHRD TE fodfecRbpam B, WifelREN 87

| i qui d hydr ocpiefeored farehspuposesfithis avedzinng | nt er nedi at es for subsequent
chem cal reactions, 10 U. S Pa w3, (14,042 ( nqugh, January 30,
1973) relates to tHe gf“%‘i}lﬁeam‘{g%gbs Eﬁ%ﬁ%ﬁ%’?‘&ﬂ?&r %‘f‘ﬁf@a@%m BREYS
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nmol ecul ar wei ght carboxylic acids or derivatives thereof and the products
resul ting 3f r ofRRIE%Es theEpbitliet aniqng aredingqrperatgd dujo ths mefal-contining ¢RPIN: t he
foam ng tendeqey ofbnd 40kl fiBlehfl0 R TLRRS GANK Al MrkRASPRAB & 15
metal ol exoey ne i3 B8RS SYHENAL (Val _d%ﬂfuf’g oHEes o Soer 16,
1979) is dir epetticonfainiog complax ¢o maekpstatecthe aniogeintiethe veactigreprodictc dpol yner s
of ethylene a efi t re. eff VI i_.qnal
additives ex h?‘g’fl?tiqsn%lcgﬁgfgﬂss{dg@lv%s @?i“b?‘rr‘%}“ oélsrgah{l ﬁﬁ%gﬁs'd‘gg%%%g@ ?ﬁé@ and

di spersency whwel asthaing ineemnedistes fohmbssghern cherzitalaekdiééchst o | ubricating oils,

particul arly petrao).eum bas iLye |ubricating oil n addjtive
conpent.rzailtoe,.cont ab%‘ :Pg"teﬁb t%g&?g&g&&‘x%@? il P%%O'&Pﬁ)h@ ScBpYfymer -
derivatives i feamsfl of®asic ndeBe billfonak @mplaes, Blfonakd Chivbxylat céhifleddinlli ve into
a final lubricating oil blend. These pol yfunctional additives, my be
prepared by r RN smpleteh yidish iraelre PRgherpRarylie AClds R frriyatives

et hyl ene- pr opy.RBE 2H@RAL YRGhuctd LR Bbh <md BRI, d§: kfakdG1sBr@S@ECE of a
free radical initiator. This anhydride is then reacted wth a fatty

al cohol to pr edaetioniof ghedoarping tendeney pklubrigating cotepasitions ¢oatiining theseyhasie aci d

or anhydrjde p&iﬂﬁ t hen converted to the succinimde by reaction with
a pol yan%sﬁe.g{ﬁ.&g. a%’%rsﬁ No. 4,248,718 (Vaughan, February 3, 1981) rel ates
to an 30 QverbaseU.SdPstpﬁrPéaHﬂH,@ﬁ (Widddbilligteit nig Qitéber dhv1§29)tis dintdddei ng a
XSL%LS&E‘ZP Sg@?@gﬁ{aﬂ% Secinhth gheerﬁvaEiQes%? RN erfiS 333 & aRfidb by €S, the
that are effective as polyfunctional additives exhibiting shear stable VI

improvement, pour depressancy and dispersency when minor amounts thereof are

20  added to lubricating oils, particularly petrolenm based automotive lubricating oils.

An additive concentrate, containing about 5 to 30 weight percent of these copolymer

derivatives in a solvent, facilitates the introduction of the additive into a final

lubﬁcaﬁng oil blend. These polyfunctional additives may be prepared by reacting an

ethylene-alphaolefin copolymer, such as ethylene-propylene copolymer with maleic

25 anhydride in the presence of a free radical initiator. This anhydride is then reacted

with a fatty alcohol to prepare the succinate ester. Any unesterified carboxylic ﬁcid

or anhydride groups are then converted to the succinimide by reaction with a
polyamine. _

U.S. Patent No. 4,248,718 (Vaughan, February 3, 1981) relates to an

30  overbased dispersant for lubricating oil compositions having a very low ash content

as compared to conventional overbased additives, the overbased dispersant can be



WO 01/ 14433 PCT/ 11540/ 21834 prepared by conbining in a solvent at a
tenperature suitable for reaction to occur the conponents (a) at |east one
ashl ess ni t "o@er¢sdnt ai ni ng conpound sel ected from amMmoDmAcaSaMTRBII UM
salts, and organi c conpounds containing only carbon, hydrogen, and
nitrogen and having at |east one -NH- group, (b) a basically 5 reacting
nmetal lic conmpound, (c) at | east one suspendi ng agent for conponent (b),

and (d) a chal coge ound sel ected from carbon di oxi de, carbon

di sul fi de, car%%?ﬁ“e& §8!“ nHg in & polvent 1 grterapesatITg SuisAblE Tt eeqiion & ?qfiéfrté@f To

insure that theonkefRaStt 2P kRl (" Ionw
ash content, thgnfri,atl 0 {g? : Fﬁg @ggéﬁgsﬁ?gﬁ%égk?aé nfb% %%pmd& e{ﬁ%ﬁ
such that fromabeda, 1$3m{>mumb@mts 3hd opganich eortfovabik alontaintng Uaib/u&rhn“n t he

final product i th hl e ortlo f these ctapts.
Patent No. 4, 48@@%3% (aﬁg th aﬁgcheﬁ%% aﬁﬁg 37y &W’B’c@b«;c? e lly
hydr ocar byl SSuhsiwhgjmcklmdecybd Gc)odt Ydast mﬂ&gsuai@ﬂ:hg a %@bn’[p@ﬂé‘rit IBg,
optionally in @H@g ce of chlorine or_ brom ne, (A), one or_nore

al pha- beta ol ef ggeangogfp@prgit selpctedy 5o yAarhon sdipxidy, é‘é@é’ﬁt@‘%@% ai ni ng
2 to about 20 Q@fbb@rbx%m,, or%m&rueﬁbﬁse %d tnﬁﬁtu%r@aéa(ﬂ @?Sxﬁglrgrtﬁ)zw}ﬁe"“th
(B) one or nore high nolecular weight olefin polyners of nore than 30
carbon -at ons sEPEReREPY prepaedey isceastienohasi srelatigelp flow adh ¢omteat, el mties of

C2. 8 nono-| - ol gfd As. 2

honopol ynmer s and/ or {%Mrtlgt@’%)l kﬁgd@%&@ gj‘lbrpém 1\%&1)58 oiﬂgﬁl{)%gw\?\/’[%ﬁ%%)
honopol ynmed@ arifabrity wales pf)thprfsmls pofluc€if 4GB d foomo tied ashless porditnd of (lickd )

chl orinated or N ol el j.nated analogs of (i) or (ii). U S. Patent No. 5,262,075
(Chung et al. venrber 16, 1993) is directed to nultifunctional viscosity

i ndex i npr over addi ULSzeBatefn@mwlmguwl@aﬁﬁmpg&tém&ﬂ 18C 004 ii$ idRSctéL @St | On
ol efin copolyners grafted with 25 (i) (b)

products of (i) g&é yI ene- al pha
carboxyl i c aci dVaEaE? éPbSUf”&?dtcﬁ‘qu"}d@e?&'lé‘EF‘ﬁ/\ﬁaeﬁts @pady bYreacking eptipaily in
pol yam ne, olty@bres@xb@taf ERAEAR OO A Ry o'iullaéxte' hFﬂd;e& of dfpgyny ¢ acid

conponent together wth polyol, or sali d car boxylic ac onponent °t oget her
with pol yah? ne insatinted sagbRsylic agib|reagents (copteinjnge drior Alnat QiOn(:armmlawmal arly

het er ogeneous %9(99410@@%&%& agéa]’%&igg'uﬂ:ﬂ (ﬁ} ok’ cg‘gntxorgﬂgp%{cf( wel tbl €

segnent of nmethylene units an one
et hyl ene- al phaowwmpmupﬁmmmsmnﬁtmdelwﬁfmm t}aa@mhpa:omﬂﬁyzgaf 4

{ interpolymers of C,.5 mono-1-olefins with C;2-Csg mono-olefins,

(i) mixtures of (2) homopolymers and/or interpolymers of Cyg mono-1-
20 olefins with (b) homopolymers and/or interpolymers of C;2-Csp mono-olefins, and

(ii)  chlorinated or brominated analogs of (i} or (ii).

U.S. Patent No. 5,262,075 (Chung et al., November 16, 1993) is directed to
multifunctional viscosity index improver additives for oleaginous composition
comprising reaction products of (i}(a) ethylene-alpha-clefin copolymers grafted with

25 (1)(b) carboxylic acid material, further reacted with (i) at least one of polyamine,
polyol, about Cs0-Cago hydrocarbyl substituted carboxylic acid combonent together
with polyol, or said carboxylic acid component together with polyamine, wherein the
copolymer (i)(2) comprises intramolecularly heterogeneous copolymer chains
containing at least one crystallizable segment of methylene units and at least one low

30 crystallinity ethylene-alpha-olefin copolymer segment, and wherein said copolymer



WO 01/ 14433 PCT/1JSOQ 21834 has a nol ecul ar wei ght di stribution
characterized by at | east one of a ratioof M,.,./ M, of less than 2 and
a ratio of WIWH#3n of less than 1.8. U S. Patent 5,534, TE¥USWI®*  July o,
1996) conprises a nethod for-reducing friction between relatively

sl i deabl e conponents conprising applying to a slideably 5 engagi ng surface
of the slideable conponents a lubricating anmount of at | east one New oni an,

or non- Newt 01,21 mifb ke PUEACERERDLIA] Ehﬂzct&z&f&,poaw&;s? dAE' & yhateL Lhe

nmetal is selecC group consistin hi'um cal cium sodi um

bari um rragnm/mof@e%sitmztaya@saumemgfﬁwaﬂﬁsstmp@r boxylic acid conprises
at least one Ilnear unsaturated hydr ocar bon group containi ng from about 8

to about 50 car bo¥ -S.(Patenbhi34, hq?e(\@%e@)’cﬂ 1296) gemaprises a mephnddat wdecing enpl at ed
i nclude flat- i ars,
hydraul i c sys g‘%@ Wﬁn#\l%@é t%]%e ewncq:&%em{lg%gpr%ﬁ{tg%ly@%%%g%ab

I(Hua?g Sﬁzﬁt eamg@mobshlﬂacei@fgﬁ) sli;d;cau]erc@mpenhntsoa lutongaémgcanmmt)gﬁmdsast]lem ng at
east one y rocar nd a 0 A east one
ni t r ogen, Aot 058?'\9]3?‘" SPEH m%%l overb?se@ézﬁ* o agb&Q Hﬂc&ﬁyglrl%é"el A%t oms and

1;] r gm functi orrad:talgi&QHlE&de&\Aﬁlol ﬁhthargiwlﬂébnslwm’fg Gfrmﬁim: dalnmimw@dmm WaﬁﬁnﬁaCI dic
ydrogen atonms upon hydro e treatnent with a

metal |ic basdPagResiyy i Wﬁ%gﬁﬁjp’ﬁ’l‘eo g %Pé'g ‘EB‘:‘ 9UPHEes A deast OFUpr i cant

addi t1 ves. U feaPlsaiiucihyafociBin 8oy cSRbAMRITR 2Bbut 8 ECABBESO Barbok996)

discloses a 20 lubricating oil conposition which conprises a major anount
of an oi 10of d4tems:i c’ﬁlpl fopes of Q&%‘PIPWOMGH%’N) contemppdated inglerdst flatepepiingiei ght of

at’ least ongoaRPSXHbE B8 ALY 4R nROTRAR! r.whhersg&uxﬁsdmh eid N9 (A1)

at | east one su Ut d succi ni ¢ acyl at1 ng agent nt al ni n | eas
about 50 car bdemices.ons in the substituent with (A-2) from about O. 5

oqULval 1t U (0 350U TR %58l Bl 2081 W BBy (1)

of at | east one a @& presence w | nits
structure of @paricasipameds Hiwgs cnm;sasanﬁle (B)iroaarbﬂrrgmup anﬂ atpolatagrbupone
al kali metal overbased salt of a carbo xture.of a

car boxyl ild acioRtaURE an'ef PIR i MrQEEs Wﬁé’yé’é |581f'éh?tf’fnm glﬁtg t? Sn}r‘b"f’o"’\ﬂ e at
| east about OhyQEbgeatdiny ahERbmFhnclibka lstoup®ivhich pRIvidkQQctgbrgafic edmpduads

with acidic hydrogen atoms upon hydrolysis, can be overbased by treatment with a
metallic base and a low molecular weight acid, to provide useful lubricant additives.
U.S. Patent No. 5,562,864 (Salomon et al., October 8, 1996) discloses a
20  lubricating oil composition which comprises a major amount of an oil of lubricating
viscosity and
_ (A) at least about 1% by weight of at'least one carboxylic derivative
composition produced by reacting
(A-1) at least one substituted succinic acylating agent containing at
25 least about 50 carbon atoms in the substituent with
(A-2) from about 0.5 equivalent up to about 2 moles, per equivalent
of acylating agent (A-1), of at least one amine compound characterized by
' the pr'escnce within its structure of at least one HN<group; and
(B)  an amount of at least one alkali metal overbased salt of a carboxylic
30 acid or a mixture of a carboxylic acid and an organic sulfonic acid sufficient to

provide at least about 0.002 equivalent of alkali metal per 100 grams of the



5 WD 01/ 14433 PCT/1JSOQO' 21834 lubricating oil conposition provided that
when the alkali netal salt conprises a mxture of overbased al kali netal
salts of a wgdroesr byl -substituted carboxylic acid and RCT/USH/21834

hydr ocar byl - substituted sulfonic acid, then the carboxylic acid conprises
nmore than 50% of the acid equivalents of the mxture; and either 5 (C1)
at 1east one magnesi um overbased salt of an acidic organic conpound '
provided that the lubricating conpaosition is free of calcium overbased
salts of aci di'eorispénenpit compRIBiondEovidsd thet whenathe |aligliimeiplesall ORI A er based
sal t of an acighkerObORRIGsed IR W BB a08Hrob 1841 shl\BindtdPE SR i Ekid

conposition is free of magnesium 10 overbased salts of acidiC organic
conpounds. U. Snd payémeariybsubBtie®d s7igmmiq Sish thea theaprboxyiistagiderompases 19907) i s

directed to a o uble | ubri ,ng..oil . itive conprising at |east
one term nal l Ghaﬁlgﬁglg?éﬂg aé;ffFqu{V%P%ﬁé%ggﬁﬁg—ebﬁggm‘lfrdi ene interpol yner of 300
to 20,000 sunber aver agE-nplazeddabtadne megnglitm ivkrdhise yale df wh tabidivoerganior

di carboxylic acid producin ieties (preferably 15 di carboxyligc.acid or
anhydri de noi eti esfoRRRag ézlg?l"q%r‘?e&‘ﬁre?}}ﬁ ﬁ‘éf‘“ﬂﬁ%é‘?%’?%ﬁ“?"d‘n‘s %8‘?119}[@‘@3"‘{ er ni nal
et henyl i dene unsat yigbds@dsaltd BeaciB Quardd\sbothotls Xyl i ¢ acid or anhydride
substituted interpolyners of this invention are useful per se as additives

to lubricating oils, adcd#h leassenesalciune peabarpd walh o 8d@i RIS eagent ,
such as amnes, a ' I Sati L€ AR LR mGRARAYNdS, to
form products whi C%&g@h&%cﬁrgch?ﬁé@f&@hﬁ&@??gx&@%ﬁ?If agd:ﬂ%l ves, e.g., as
di spersani®. Summmapyerbdsed dadis dfraeiin drpanidCiosapowsied i s a netal contai ning

ol yner conpositio rising, | Qver ed .Lm r,.e
Ponet onal i ved pol VHEFRPLRGr HepisroBiae £ 4 OARRY ATIEY Bladibflom 0 o5
(Al') an aci di wilfsshdle DEsdatide dil paliyine compristiy! friedstingd tepmmbaily etsapeitydrer

i Si | yol ef j n havi hed d idic f i i
coter “tuncti GHleRe/piohEaiea ik Bleimia b09e 20 M maen s eriss Saksh B ul )
wei ght of at |yeaghk suteBfited (Wid) mab- % idibafboRY Ik ORidesbBIctndGhéletts (PrefdbAPXY

cont ai ni n? interpolyrrier, said 30 interpolyner having a reduced specific
vi scosi t yldf fHshoaBiurcid. ob aplydsde yoiptieghd wherein -the terminal unsaturation

comprises terminal ethenylidene unsaturation. The mono- and dicarboxylic acid or

anhydride substituted interpolymers of this invention are useful per se as additives to

lubricating oils, and can also be reacted with a nucleophilic reagent, such as amines,

alcohols, amino alcohols and reactive metal compounds, to form products which are
20  also useful lubricating oil additives, e.g., as dispersants.

Summary of the Invention

Disclosed is a metal containing polymer composition comprising;
a metal overbased imide or ester functionalized polymer prepared by reacting
(A)  apolymer comprising
25 (Al) an acidic functioﬁaiized polymer or ester functionalized polymer
comprising a polyolefin having attached or grafted acidic functionality or ester
functionality, said polyolefin having a number average molecular weight of at least
500;
(A2) an acidic mixed ester-acid of a carboxy containing interpolymer, said
30  interpolymer having a reduced specific viscosity of from about 0.05 to about 2 and

being derived from at least two monomers, one of said monomers being a low



being derived fromat |east two nononers, one of said nononers being a | ow
6 WO 01/14433 PCT/ US00/ 21834 nol ecul ar aliphatic ol efi

, r or
substi t ut WOMWBhe wherein the substituent is a hydrog’g?‘%f{mggsgup
containing from1 up to 18 carbon atons, and the other of said nononers

bei ng an al pha, beta-unsaturated aliphatic acid, anhydride or ester
thereof, said ester being characterized by the presence within its

\rzﬁ! yLrer ic 3 t rrH&Eéamf a.ﬁfaha%ﬁ oﬁfih?ébtﬁ%n&é}%uw‘tinﬁ&ﬁ?yﬁﬁq edvn@ciaem@mmmk enral gr Qupls

t ter; t
i gh ol ecul Ay RSHYI: Erok SRRGRINE FT: CHD 8 ShEOIAMAmSETES PIFE e gr oun
having at le eF}EF}In' : [ aliphdtid GciRSifRydd R Pr 68Lr thgBE, 10 (b) a
relatively | %@vénr?o egéclt v%hgﬁel&gg}}sg%ﬁyl [ CB}éStﬁf?l grogp, sai d g c%réboxyl iC
ester group hsaid estprrbeingmherattanzed byahé preatrice withith s palymenc stucire ok st er
radi cal ; erein the. mol] ag.rati f : hS. (1 ; n ester
functi onaPi ze8PSh8Rs Phevec 8?1'3?’? g?n%arﬂ Ofaggoglﬁgéwg%#p#? é%\védt Og{ th%?g%:)? 2Pgn
product of ongogs offdi@edtatelr oxyar omati ¢ conpounds which are 15

hydr ocar byl - substituted; a carboxy-substituted, carbonyl. conpound oy a
source thereof: and a &3r boAjAle G&ﬁtﬁgrﬁf’lfﬁ“ﬁéweﬁi?éﬁf °"X’ ?%?F%Wb%af‘itu_t ed
carbonyl — conppiiidhic SferdroRpHHdhgld 8agcf alighBlic Sarbs @bme Ve HRasRE raiPOSI ti on
that contains reactive basic functionality conprising 20 (Bl) a netal

overbased anmiad wherein the reactive basic functionality is a primry or

secondarygarm no group, (52) , FiifRkBl 100 KRARARE elBAEELIAy B B ghoiipCehia
carboxylic acid wherein ‘the reactive basic funcplonaylty Is a hydr oxy
group, or (B3arzoxyiit edterogrevpbaving uh sorer han{ ahpbatisi garhoneatoranint theestehisi ¢
functionality_ .25 i . DF [ \ ' group. Detailed
Description of C%é ﬁ%éﬁ@?gﬁﬁ#ﬁgoﬁg?agwg%ﬁtza@ﬂ %8 pol ymer conposition is
prepared by reacti(agd) (An ester funétjomelizedipblymeByomaprisiigad lacteny bangedingaheosi ti on.

(A) The Pol ynlggction product of one or more hydroxyaromatic compounds which are
15  hydrocarbyl-substituted; a carboxy-substituted carbonyl compound or a source
thercof; and a carbonyl compound other than a carboxy-substituted carbonyl
compound, or a source thereof;
(B) a metal overbased composition that contains reactive basic
functionality comprising
20 (B1) a metal overbased amine wherein the reactive basic functionality is a
primary or secondary amino group,
(B2) a metal overbased hydroxy substituted carboxylic acid wherein the
reactive basic functionality is a hydroxy group, or .
(B3) a metal overbased dispersant wherein the reactive basic functionality
25  is a primary or secondary amino group.
Detailed Description of the Invention
The metal containing polymer composition is prepared'by reacting (A) a
polymer with (B) 2 metal overbased composition.
(A) The Polymer
30 Several different polymers are envisioned as comprising component (A).

The first polymer, (A1) is an acidic functionalized polymer or ester functionalized

7 This Sheet Has Been Replaced




30 Several different polyners are envisioned as conprising conponent (A).
The first polynmer, (Al) is an acidic functionalized polyner or ester
functi onal | #8¥01/1743Thi s Sheet Has Been Replaced 1111111 1pttidéhbissill 11 |
WO 01/ 14333 PCT/1US00/ 21 R34 polyner, the second polynmer, (A2) is an
acidic m xed ester-acid of a carboxy containing interpolyner and the third
polymer (A3) is an ester'functionalized polyner conprising a lactone. (Al)

The Aci di ¢ Functiona zed Ester nctl onal i zed Pol yner 5 The
acidic functi oRarTFede VHQP% %%ﬁr?%@% Fg&ﬁ@?ﬂﬁiHgﬁﬂﬁgmx&ttached

or grafted aci cbncanfmgmrtte@&ghbxt ¥nd sﬁu ehird Oporhe@f ASAB) haVinngsié RMERRAALARYer age
nol ecul ar wei ght of at | east,  500. Conponent (Al) as an acid functionalized
pol ymer is pre YBY CRPPTRRE4 13f§7%% pol yol efin with an unsaturated carboxylic
acid; for e hBRic!rG oAl bol ChlifaifedBhalg anhydr de t7
10 PonoI efln el c an ri Cl unc I For the

aci di c funétional i Z&d “‘yrfmcﬂ(lmhzgd polbrmezaéﬁm ccrhprirses iaopallyblt:&'n ihaviag

carboxylic aci ARR s, deri mal ei ¢ an dride or

mal ei ¢ aci d. TﬂeE%cﬁ;l% %&%ﬁin&g d‘lmoﬁuél1 uo %lbty’p%af‘%jlfzrg?"’lf%ln}‘m%g 5I“§5’ ?"é‘r"alg"éd to as
a substit ut ed mdlBcudarceigitcofaeryleadti 500. agemponeﬂ'thgal)exsrf&a &ubﬁhédoblﬁ%&,

“acyl ating age Qh}é}and "substituted (im nic acylatin ent" are to be

gi ven their ndfPETe edrR yr%?‘“t"e%&?}ﬂ hin with 2 jipsatpsa ﬁf‘f PEylig gcigt #fn or
group of at onsexbiple, th@ké@ctfo@ﬁif@@@l%l@ﬁk%ﬂ?ﬁm@fc%ﬂhdgrOUP in a nmolecule as a
result of a reaction. The terns acyl ating agent” or substituted succinic
acyl ating agent refer to the conpound per se and does not include unreacted
20 reactants used to formthe acyKating agent or substituted succinic

acyl ating agent. JIhe _ester fu a polyolefin

havi ng ester functionali ty
reaction of the polyolefin an
acidic functionalized pol yner.
polymer is prepared by reacting a 25 polyolefin with
carboxyligpacid ester; for exanple, the reaction of

n ugsat ur at ed

Polyolefin Maleic anhydride Acidic functionalized polymer

For the acidic functionalized polymer (A1), the acidic functionality is a
carboxylic acid functionality that is derived from maleic anhydride or maleic acid.

The acidic functionalized polymer (A1) is also referred to as a substituted

15 succinic acylating agent. The terms “substituent”, “acylating agent” and “substituted
succinic acylating agent” are to be given their normal meanings. For example, a
substituent is an atom or group of atoms that have replaced another atom or group in
a molecule as a result of a reaction. The terms acylating agent or substituted
succinic acylating agent refer to the compound per se and does not include unreacted

20  reactants used to form the acylating agent or substituted succinic acylating agent.

The ester functionalized polymer (A1) is a polyolefin having ester
functionality. The ester functionality is present due to the reaction of the polyolefin
and an ester or by the esterification of the acidic functionalized polymer.
Component (Al) as an ester functionalized polymer is prepared by reacting a

25  polyolefin with an unsaturated carboxylic acid ester; for example, the reaction of a



WO 01/ 14433 PCT/ USOQO 21834 polyolefin with an ester of mal ei c anhydri de,
mal eic acid or fumaric acid wherein R20 is each i ndepe%gg)gsh%@g aliphatic
group cont‘gpr?f’h‘ﬁs%romlto 18 carbon atons. O/y N OR OR20 OO
ORso Pol yol efin Ester Ester functionalized polymer 5.1t is also possible
to forman ester functionalized polymer (Al) fromthe acidic _
functionalized polyner. NN QOQor ,.. .~. + ROOH-~-" 00 OHOR OR O
20 GHO 10 Woh&frl In vfemmﬁhagnxff mﬂeieaﬁle%dn‘ﬂdnﬁilbi?rwigi o‘teﬁ:imaﬁéf yﬁer\yl(eﬂdirl)_
conprises a L yol efin having attached or graft est er nctionality.
Component (Al ieaghmdEendRatly g YR BHEPPYR oBRpBEPT LR IBEXBPLHAPSA. by
reacting a polyolefin with an ester gof the fornmula 9 WO 01/ 14433
PCT/1JS00 21834 R250 tE R29C (R27) | ---- COR28 8250

— N
OrR® - 20

OR

OR2?
© O

Polyolefin ' Ester
Ester functionalized polymer

5 It is also possible to form an ester functionalized polymer (Al) from the
acidic functionalized polymer.

N e
ORZO

10 Another example of an ester functionalized polymer (Al) comprises a
polyolefin having attached or grafted ester functionality. Component (Al) as an

ester functionalized polymer can be prepared by reacting a polyolefin with an ester

of the formula



wherein each of R29 and R28 and each R 25 is independently hydrogen or an
aliphatic group containing from1l to 7 carbon atons, R27 is an al kyl ene
group cont avmbmg4fzrom | to 4 carbon atons and q is O orPCYUSERIBBpeci al |y
preferred ester has R29 as 5 hydrogen and one R25 as nethyl, and the other
R25 and hydrogen, R28 as nethyl and q as zero to give HOO "1 11' HC
-COCH3 I CH3O which is known as gl yoxylic acid nethylester

nmet hyl hem acetal  (GWHA). It is_pmrketed by DSM Fine Chemicals. The reaction
for the preparation of the est& 010 functlon%ized polymer (Al) is shown

below. 0 + HOC H - COCH3 --~. pdlyofefidn H HO---Cf OCH3 dI 1! 0
It is necessary that unsaturatRo® bé“pf sknT | he pol yolefin in order for
the reaction with GWHA to occur.} 15 As used in this specification and
appended clains, the terns " hyla?sobar byl " or "hydrocarbon-based" denote a
group having a .carbon, a A Ached to,t emai nder,. of .t he

mol ecul e and H%R?f%eaﬁf‘é?gg i r‘?@%‘r%césr’ﬂg H&E)ff%?geaﬂfmﬁhp e context
of this inventgdqp cgmmaqfowp&)mﬁiowa@m’;shnﬂfxm QWI&HH grduﬂ)koﬁﬂ!iq{n@(fr%hpon
groups; that is, %qghatl C .g., alkyl or alkenyl), alicycl e.g.
cycl oal kyl or 1c§¢c4é‘ Rz BPIIE, aﬂér‘bf?a@ o 1al Apmm@ﬂymereadu Q?%}F hés & éitl tut ed

10 V0 01714433 REILIJSO0L 81834,copf Al oenc RO B G S AR Bt Ly biphat | ©

,and alicyclic gr8ups as we
q as zero to gzve

HO C’?.
|
CH30O

which is known as glyoxylic acid methylester methylhemiacetal (GMHA). It is
marketed by DSM Fine Chemicals. The reaction for the preparation of the ester
10 functionalized polymer (A1) is shown below.

0
— rnn + HOCH-COCH, —>
yolof | "‘ " H
polyolefin OCH,4 HO—C ~
\c: __ OCH;
1
0

Itis necessazj/ that unsaturation be present in the polyolefin in order for the reaction
with GMHA to occur.

15 As used in this specification and appended claims, the terms “hydrocarbyl”
or “hydrocarbon-based” denote a group having a carbon atom directly attached to the
remainder of the molecule and having predominantly hydrocarbon character within
the context of this invention. Such groups include the following:

(1) Hydrocarbon groups; that is, aliphatic (e.g., alkyl or alkenyl), alicyclic

20 (e.g., cycloalkyl or cycloalkenyl), aromatic aliphatic- and alicylic-substituted

10



cyclic groups wherein the ring is conpleted through another portion of the
nol ecul e that is, any two indicated substituents may toqeth r form an
alicyclic WPOHMH33 such” groups are known to those skil | &&HUOVHEMar ¢
Exanpl es include nmethyl, ethyl, octyl, 5 decyl, octadecyl, cyclohexyl,
phenyl, etc. (2) Substituted hydrocarbon groups; that is,-groups cont ai ni ng
non- hydrocarbon substituents which, in the context of this invention, do

hot alter thearott{aﬁé%rﬂﬁi&tswsdm&tt ﬂﬁﬁ\ﬁMd(hh@fcﬁ@Eﬂh Qfand B 106 Qadfvel (HROS €
skilled in the art wl aware of suitable subs?ltuents Exarrpl es

i ncl ude hal o, cyrfigigowps Whﬁttemdhe é%ﬁ@ompmdémwmﬁ'éypm@t ef the Jolqdgicer o
Oroups: ohat \iha 918y B0 Wl bR HEH ARtk AUBERSRIERAR). | Suoh

char act er W|t context o contal n at ons ot her than
carbon in a ghmpnamﬂmowmg) thbseeskiliedén therapto Fxdmples owhido medtybrethyl, Satyl.abl e

hetero ato i1l be arent tq those skilled in the art and include, for
exanpl e, trglﬁgh,°°897§£ﬁ¥°1§ﬁﬁyl’@§ uffur. In general, no nore than about
three substituent srshiatituta altymaarbcm efreupsDlthat BP grous thﬁﬂnmgenor&nd nost
preferably no hetero atons w | present for each 10 rbon_at ms in.

the hydrocar byydrgeashn. subglitients; tYB’r?ha’é‘ thg jcpRtextHf Lhig ‘E;Y"GHB" 0. oot Alter,

group” and th%rédbtﬁﬁaal?@yﬁydrg&%ﬁf%ﬁm&e@&%@gehﬁ T%s&@ﬁ]l@@ﬁy@xe\éﬁt\mlf‘&SpeCt to
al kyl and aryl groups and the |ik The polyolefin that is reacted with

the acyl ating a&ig@nt’f Smtablef mbmltemta doveples daclage balas hydrer, il G¥9Ref i n
wherein t aﬁ{oﬂ @ins up to 4 carbon atoms, an a-olefin polymer
wherei n the ol cohtains from6 to 24 carbon atons, a random bl ock

copol ymer conpri si (i) Hetermgoups; rlyxt 1sagrommmtmﬂldwbﬂmpredrpmhmrhyémcab%in
hydr ogenated r nd m bl.oc no Vi anom i_.c /diene
%‘m‘?ﬁ{? Rtfﬁr\égge t[-ng gﬁé?n goﬁgpy otherrﬁ{an b {1

copol ynmer or 5 I'ns ‘are po yet hyI ene
el ast oner, p0|cb(ﬂﬁ @pYihg n&ervahaedrﬂpnséd otetamdnamﬁqorm;abmmeet amtmsnwell, beconmonl y

known as et hyl ene/ pr opy rub er éﬂ; ene/ yI ene/ di £ne
el ast oner ( EPBRRareHs e &h ’H&l“ ?fper"ﬁ%‘?teeﬁ‘ §t‘¥ﬁ?ﬂ’r%" ar e
represent ggl bg|;pw wher e G S hydr ogen for poI yet hyl ene and CH3 for
pol ypropyl ene. 11 WO 01/ 14433 PCT/ USOQ 21834 |
In general, no more than about three substituents or hetero atoms, preferably
no more than one, and most preferably no hetero atoms will be present for each 10
carbon atoms in the hydrocarbyl group.

LE I 1)

Terms such as “alkyl-based group”, “aryl-based group” and the like have
20  meaning analogous to the above with respect to alkyl and aryl groups and the like.
The polyolefin that is reacted with the acylating agent to form (Al)
comprises an elastomeric polyolefin wherein the olefin contains up to 4 carbon
atoms, an o-olefin polymer wherein the olefin contains from 6 to 24 carbon atoms, a
random block copolymer comprising a mono-vinyl aromatic/diene copolymer or a
25  hydrogenated random block copolymer comprising a mono-vinyl aromatic /diene
copolymer or a star polymer. _
The elastomeric polyolefins are polyethylene elastomer, polypropylene
elastomer, ethylene/propylene elastomer, commonly known as ethylene/propylene
rubber (EPR) and ethylene/propylene/diene elastomer (EPDM).

30 The polyethylene and polypropylene elastomers are represented below where

G is hydrogen for polyethylene and —CHj for polypropylene.

11



n-CH=CH2 - (CHCH2)a | i G G The polyolefin has a nunber average nvol ecul ar
wei ght (M n) between 5 20,000 and 500, 000, often from about 20,000 to
about 300, 090 e1/Matzecul ar wei ghts of the pol yneric hydr oeavisomssd yner are
det erm ned using well-known methods described in the literature. Exanples
of procedures for determ ning the nolecular weight are gel perneation
chromat ography (GPC) (al so known as size-excl usion chromatography) and
vapor phase osrmrretrﬂﬁ(]VPO) These and other procedures 10 are described

i n nunerous puBtiheEhs ncl G ngHIF~J. Flory, "Principles of Polymer
Chem stry", Corndll Universityl Press (1953), Chapt er VI, pp 266-316, and
"Macronol ecul es, Gn I ntroductin to Polyner Science", F.A Bovey and F. H

W nsl ow, Edltors Academni c Press (1979), pp 296-312. 15 WW Yau,

Kirkland and D.D. BI%f, pellplels hassia, Rimebes | ayereem molegla wetsht 6%!)05‘?‘5?5?%", John

Wley and Spnspg b&’()’\énﬁclfoboed%?:%n fx&n%é&%%@“é‘% B 500,008, FATRLBRBRIARLY tO a
pol yner' s nol ecul ar wei ght i s he melt I ndex (ASTM D-1238). Pol yners of

hi gh melt i ndegf thermstyaierip hbl@mearbm\polmremﬂ%tmm@dgmng vwaldknawmemeibedsa. The
attached or gréls‘&:ﬁ&dgg'%”l‘fn L%tu.?g, Eﬂﬁnﬁéseo? eré%fé 53\8%%&%7%{8% dﬁ}i@&hé’r have a

melt index of up snore pr These
publ i cations awmeighesrelpel pmamrdﬂaﬂatbgtapigf(éi?éﬁbu{ﬂsd bmowrehemam}bxcmumcl osures

contained therein rel at. e, det er m nat of_.. nol e ul.ar wei When
Che aolcoul o GPBEErA nd Paten phE o OHRun THER FE 60N P o0
reduced byig ecaﬂaldg@ﬁsed(,a@meﬂoas fbBicaiohs inSuGhg:t echnl ques i ncl ude nechani cal
shearing of the pol enpl ayi ng masticators, mills, roll mlls,

extruders and the 1%’/? kBlorok PHBRIPIG ob FPobyReF r?é‘lemssﬁéar??f@e b ninsg B o 7RSS

techni ques ar e@kspchshl-Wh, 3p9ss- 8 akhown. Details of nunerous procedures
for shearing poI yrrgrsa%g{re g?gen in"US 5 348,673 which is hereby

i ncor por at ed her ei n"Macroredlequlsace Iteoduetisindo Belymer SeisnostuF és Bogey and FHhi s
regard. 12 VO Qafdsd 3Bl AR B8 t979), pp 296-312.

15 W.W. Yau, 1J. Kirkland and D.D. Bly, “Modemn Size Exclusion Liguid
Chromatography”, John Wiley and Sons, New York, 1979.

A measurement which is complementary to a polymer’s molecular weight is
the melt index (ASTM D-1238). Polymers of high melt index generally have low
molecular weight, and vice versa. The attached or grafted polymers of the present

20  invention preferably have a melt index of up to 20 dg/min., more preferably 0.1 to 10
dg/min. | |

These publications are hereby incorporated by reference for relevant
disclosures contained therein relating to the determination of molecular weight.

When the molecular weight of a polymer is greater than desired, it may be

25  reduced by techniques known in the art. Such techniques include mechanical
shearing of the polymer employing masticators, ball mills, roll mills, extruders and
the like. Oxidative or thermal shearing or degrading techniques are also useful and
are known. Details of numerous procedures for shearing polymers are given in U.S.
5,348,673 which is hereby incorporated herein by reference for relevant disclosures

30 in this regard.
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The et hyl ene/ propyl ene el astoner is nade by m xing the sane or different
nol e anbunts of ethyl ene and propyl ene and then copol ynerj zing the m xture
to form aVOIYMSher as below 5 mCH2 = CH2 + n CH = CIPIETLUS?'?W - CH2)m -
(CH- CH2)n - CH3 CH3 The ethyl ene/ propyl ene el astonmer may contain mnor
anounts, i.e., up to 10 about 10% based on the nolar anounts of nononeric
et hyl ene and propyl ene units in the elastoner, of polynerized units
derived from ot herrHEQRGIGRESropheAdBlagsmat is rSdde byahitaiy HORAAR 68 diffefentide

pol yneri zabl e nonool efi'ns having at |east 4 carbon atons such as 1-butene,
1- pent ene, 2-oleavmounB-dfethyiene and peapiiene pnd ep cQpolymerizing theemixiure hene,
Z'nEthyl'proﬁ%ﬂﬁa%P§¥ﬁﬁ89Q§88 e. They include al so polyenes, 15 i.e., those
having 2 or nore o nic I'ifnkages, such as conjugated pol yenes, for :
exanpl e, butadi ene, i.soprene, piperylene, 1, 3-hexadiene, 1, 3-octadiene,
etc. There may further be non-conjugated polyners such_as_3,3-dinethyl-1,
4- hexadi efe, mdia 6Fentadi &= c.‘?dT{Eﬁé‘ﬁ%g%nﬁaﬁp,'Sggﬁnﬁther
mononers preferably contain from4 to about 10 carbonlatons al though they
may contain as many as 25 cabn 20 atoms. The et hyl eFHe/ propyl ere

el astoner is derived fromabout 2 to 98% weight ethylene with the

remai nder bei ng pr.Qpyl.ene. ,El ast oners cont ai ni kO . 200 about
70% (nol ar) of pol 7@@%&?’%@3%%@%@“% 8t a“%%ﬁ?‘ %’Ul%?l%ggg%uféB@A}@of

pol ymeri z@d eidoyt 0% bas2d @n Ui holapimnetntsld%nmibmario tthgleng andypropyleredmist ef i n ar e
al so 25 useful, The ethy|ene/propyl.ene/di epe el astoner has, nuneroys
sources. For ’@)&Bﬁf}?g?me’(f{ H@Y@%ﬂf&%“ Vfcgﬂﬁlin TIPS ZEd‘angEbﬁ ont
Conpany), is guch QR mMoNBIelIaNdidt polyinedizibié e{oRAoOlPfiRHavRICat WedsOf learbant | O Of
about 57:43 and contai ning 4-5 wei ght % of roups derived from

1, 4- hexadi encatABREHEY as Grbusnee JrRFBIERS: of-PYensy o XM BBV LI-PeNEeede
copol ymers in ' Shkeny. LARRLARE "FheidcdudR | paRA&,
nor bor nene, V\n&%cﬁﬁydiqglfgﬁ%gnt a(}{??f}b@?ﬁﬁﬂ?h vi-nyl nortggirl_nene, vviétogliﬁ4-vi nyl
cycl ohexdife, amdthesarbaving 20erhmereselefinic linkages, ssueh a8 eonjugaied polyengs.| fapl e.
A efin-diene 14433 PCT/ |. 2183 =QNO0k Wr : s for
their prepara ’?]"% gé?grgéél 8 g%rp ;%e%[ 41#%&%’§3§x%03§%h? ,é?ﬂ%fa&eﬂ&%d’.”%ﬁ@g

‘may further be non-conjugated polymers such as 3,3-dimethyl-1, 4-hexadiene,

dicyclopentadiene, etc. For the most part, such other monomers preferably contain
from 4 to about 10 carbon atoms although they may contain as many as 25 carbon
20  atoms. '
The ethylene/propylene elastomer is derived from about 2 to 98% weight
ethylene with the remainder being propylene. Elastomers containing from about
20% to about 70% (molar) of polymerized propylene, from about 30% to about 80%
of polymerized ethylene, and up to about 10% of another polymerized olefin are also
25  useful.
The ethylene/propylene/diene elastomer has numerous sources. For example,
Ortholeum® 2052 (a product marketed by DuPont Company), is a terpolymer having
an ethylene: propylene weight ratio of about 57:43 and containing 4-5 weight % of
groups derived from 14-hexadiene monomer. Other commercially available
30 olefin/diene copolymers including ethylene-propylene copolymers with ethylidene
norbornene, with dicyclopentadiene, with vinyl norbomene, with 4-vinyl

cyclohexene, and numerous other such materials are readily available. Olefin-diene
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including the followng U S Patents: 3,291, 780; 3,300, 459; 3,598, 738;
4,026, 809; 4,032,700; 4,156,061; 3,320,019; 4,357,250. The a-olefin

pol yners olt@smagssherein are typically liquids having aPergisggidy 5 of

| ess than 150,000 cps at -40C. The a-ol efin nononmers used to prepare the
cr.- olefin polynmers are described by the fornula R12CH=CH2. The group R12
is a hydrocarbyl residue cont aining from6 to 16 carbon atons. In
particular, the ¢ - ol efin Qntains, 6 car om; is preferably the
Dol est - hydr doaPBRS sp st fe GO bebraienn &e UGS i EuPEPE G |y

desirabl e a-ol 1Q$}bcﬁng7%CfBEJ\§nQ@J 9 Parei@N 5N, 7@0,%930@%9@59@% i ygs, s0ony |
group, e.g., 1 hexadi ene. is further desirable that any addi ti onal

unsat urati on vﬁf@%mot%bﬁ&ﬁlﬁ é?q(?i‘»’rﬂ)?ﬁ?rﬁssp shoul d al so be minimnzed or
| ted. Th | . . ] ti i
o ore T on 18E Brdiend MR RLEELL AR G5kl difusRhBRERlildlp Y | o0 1 S

of the nol ecul ¢f i¢sswn-15090akpha —a()"e:tlme a-&aﬁm:fohsmefxam ©preéphrean®bef i ns
which may be utilized herein are 1 hexen ane, octene,lzl nonene,

1- decene, 1- urfl&FeRdymers J5y deseried I?D’thf"rf?‘%é’é"’eﬁe(:%f%tr s 2

1- pent adecene,y, thﬁga@% %ﬁ&!&%oni!axrﬁﬁé’ aHes & gﬁgorl atoffs! %%ﬁi&ﬁm '%é& usef ul

are snall anou of“ non-vinyl olefins. Thu materi als® such
2-met hyl -1 -pe mléhmmks@ﬂmﬂ;&qamqs)m@ls{zs mcferabh'éﬁqﬂlmhhsténywocm savadmy 20

non-vinyl ol efjns houI not..be present .a t han abo 0% .preferably
S5 by wei ght ‘U THB% o BSorePrRe g el EPa Ao RPR 0 58y Bt £ w 1)
contai n nag nomecotxurrydcwé einkNgrouirean chi 4igexbdiedehelt ¢ @friher EpebTe thab\ay from
the I and 2 carbon positions is also within the scope of the invention.

Wi | e br anchediddigiops! epsaqatignawiiip theeplefiy monpmer shopldnaisp brominisi2gdiéd at | ess
than 10% prefgrahlys | ess than 5% by wei ght. Branched a-olefins include
3-met hyl -1 - pent ene. Parti cularly useful are m xtures of a-olefins. In
particul ar, m xtur &unbverdlb thnprefeatd apwoicefin tis: prcscnehﬂezaimd isjenl@cda&) hept ene
and nonene; hexe decene nd o etrad cen re, useful when
enpl oyed her ei )I’(lhl %éﬂ’s QFH%@ET%?PC@ §8) glet%ﬁ‘@“ © 158 "“e( W8decene
and hex adeseneazﬁm;ozem) USﬁé&iﬁerﬁaﬂzE)IeEl of otk bR méylbé/@;mé $4rdi33re 1-

PCT/ 1 JS0OQ 21834 ternar%/ m Xt ure of a-olefins includes a m xture of the
normal oct ene,egB8eddifaiaphdi-octene, l-nonene, l-decene, l-undecene, l-dodecene, 1-

tridecene, 1l-tetradecene, 1-pentadecene, 1-hexadecene, 1-heptadecene and 1-

octadecene. Also useful are small amounts of non-vinyl olefins., Thus, materials
such as 2-methyl-1-pentene CH3CH,CH,C(CH3)=CH; are useful herein. Typically
20 non-viny! olefins should not be present at more than about 10%, preferably 5% by
weight of the twotal olefin charge. Preferably, the polyolefin will contain no non-
vinyl olefins. '
Branching in the olefin monomer away from the 1 and 2 carbon positions is
also within the scope of the invention. While branchéd ¢-olefins are not desired,
25  they may be included at less than 10%, preferably less than 5% by weight. Branched
o-olefins include 3-methyl-1-pentene.
~ Particularly useful are mixtures of c-olefins. In particular, mixtures of the
normal O-olefins: octene and dodecene; heptene and nonene; hexene and decene;
and octene and tetradecene are useful when employed herein, Ternary mixtures such

30  as the normal octene, dodecene and hexadecene may be used. A further desirable
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tetradecene. Wiere binary m xtures of two a-olefins are utilized, they are
typically present at from5%to 95% preferably 10%to 9 I ght of
each of thWOAM143}| of jns. Where ternary mxtures are enﬁ%&&g@ﬂé\gch of the
a-olefins will be utilized at fromabout 5%to about 90% preferably about
10% to about 70% of each of the nononers. The catal ysts enployed are a
first catal yst systemconprising a secondary tertiary organo halide and a
second syst ergaaR! i@ oo bRYhSindkideh £akahySf thelfdrkleoctens {dodesenoaghno

hal i des are of the formula R13R 4R15CX wherein X is hal ogen and R13, R14,
and R15 are Hetdadsesmeby| groups. The val ue of X as hal ogen nay be any .of
the typically enplgyed bri]rﬁlﬁf%gtu?ego&s we ofblefirs! 40 dtiliZed, qm}pﬁﬂ'enfypic_aﬁ)f om ne or
i odi ne. Preferably s chlorine or bromne and nost prefierably is
chlorine. 15 gib@nRit3frdrh 5o gh9 5% Sprefeyabhe10% ao 9avebyoweight éfeeagh tof aelo-
preferablg are the sane and nost preferably %trog al kglf It.{g qurIEf rred
that the Pot aolefinsniyeherefemany Mihres BremPploped: faehiod the; aPleting Wil P {4288 be from
4 to 12 carbo 56h GhédR G0H6E lefeably BN 1§ Abdutl §5% Tt Radir Sitthy |

chl oride and %l-fg)trrrr%%ghﬁgri de and oéf,pr ef e};red segondary orogano halide is
sec- butyl chlmonagers.20 The Lewis acid catalyst is any material which

catal yzes t he desiyed act i o 0 ' - | YeL which is
further descri bed%cg&%ﬁecu?@'%%rﬁ (Q)tr{ﬁ‘gtt aé&%%ﬁ%(%g%rﬁ%r%m\ﬁt c(gnot er

nol ecul e or i eAiabyorgaiotialide adaceming systdmemplaying a Lewis acideetalystns from t he

second mol ecul e or_ion.. Specific.exanpl of _Lew S13gei o Lys usef ul
in prepartng the a1 %6 ?féf’?nté‘ﬂhgesag“g %%%ﬁ@ﬁ?u@r#d?‘cg&%ﬁ%n%ﬁf 25
hal i des such ggogeh il RINRCH 268 Réfeare alydratabyhgrsupec Thowaide bf Andsrielogah umi num
brom de and al um num nonobr onodi chl ori de. An aprotic sggllﬁ/e.nt iﬁl talﬁ%;cal |y
utilized in pmapdei #y phacaypicaly AmBlYsHERI0sen #OESs Gy MHOTNE SURB Hal | y
liquid materi {odintNeprefalbBNK is Schitrine d'RbEm8inY rost padfegenak ed
hydr ocar bon. %’Eﬁ?‘;c"afz‘loy, nthe solavgygt 1\/svl |1 be nethyl ene chl o?,i?éde. gxher 30
sol vent s conpehleimenonobr onononochl or onet hane; net hyl ene bromi de, 1, 2-
di chl or ogtchane; 1,.1-¢hs € ne drdifferit Gl QRN SPHRRaMs; Cis-1,
o oo i ana 435 AR TaanbaRe Sne & GRS

and most preferably are alkyl. It is preferred that the total number of carbon atoms

in the tertiary alkyl halide be from 4 to 12 carbon atoms. Preferred tertiary organo

halides are t-butyl chloride and t-amyl chloride and a preferred secondary organo
halide is sec-butyl chloride. |

20 The Lewis acid catalyst is any material which catalyzes the desired reaction

to obtain the a-olefin polymer and which is further described as a molecule or ion

that can combine with another molecule or ion by forming a covalent bond with two

elections from the second molecule or ion. Specific examples of Lewis acid

catalysts useful in preparing the o-olefin polymers are boron trifluoride, aluminum

25  halides such as aluminum chloride, aluminum monochlorodibromine, aluminum
bromide and aluminum monobromodichloride.

An aprotic solvent is typically utilized in preparing the a-olefin polymers.

The solvent is a normally liquid material at 20°C. The solvent is also preferably a

halogenated hydrocarbon. Typically, the solvent will be methylene chloride. Other

30 -solvents comprise monobromomonochloromethane; methylene bromide, 1, 2-

dichloroethane; 1, l-dibromocyclopropane; 1, 1-dichlorocyclopropane; cis-1, 2-
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di chl orocycl opropane; trans-1, 2-dichlorocycl opropane; cis-1, 2-

di bronocycl opropane and trans-1, 2-di bronocycl opropane. The sol vents
utilized heweiolviggx preferably general dichloro conmpoundsctsuseirzisas et hyl ene
di chloride or nmethylene chloride. 5 A further feature is to conduct the

pol yneri zation reactions in the presence of an activating amount of a’
protic conmpound. Hydrocarbon solvents can al so be used as protic

conmpounds, as as nitro-nmethane_and | pgenat.ed aronmatics such,as

di chl or obenzen Fkkvﬁweawpvwekhe ST ¢ cgﬁﬁ%gﬁﬁwﬂgwREWE%. AASActi vt i ng
amount of  t he apiéhbccIopBPRYRAK inghslly Pladdhobytiesspdnban 1% preferably
0.0001%to 0.1% by 10 weight of the catalyst system_ The term "activating
anount" neans that ARbtphteatswhlizd hereinie estatily sperhflichlpesl spmpPrndatsidn
reaction and igg E%ﬂtla&ucﬁéhi&me%%% leSchidligeSubst antial 'y decrease the

pol yneri zation reattion or to Inattivate the catalyst system Typically,
t he nunber Jver age Adbsicufawraieiagtendwt the lpelymeritief raactpok ymibe presehBe ofbt ai ned

will be from2,000.t0 100,000, (M1). The r om bl.ock .copol r .conpyi sing
the. momo- vi nyl. S PUHEEIEFHAERY RO AP SEI= S oo EoR ool AR o

copol yneri zat i @f pffic tcoRpsIag e el Netro-NRhereind Bldenod agnind sdieae and
the other nononer is a nono-vinyl aromatic. The random bl ock copol yner

formed will coftcIoPRIBRIBF el peitl BERICHRAPIPREH &2 A aFogerstedot o renove
sone or substamd aloliy cBhbordli i gfpidtkﬂ?@és!s'rtﬁéd 0%, pleferdtMe ofoRbMBtb Q1% Oy t he
ester functionalized polyner ( , 1t is necessary that unsaturation be
present i ni0 t haveight 9bhefdaalysiusysterh atheatere Jeqtivaiing et ViEang dint GEOYRL

Exanpl es of vi i [.GSed :

ol piae ot byl st sk iRkt Serdl AR LR EAHOR o B et on st s 10

par a- net hyl st ysemsantigghr dectepset ther polyr@&ridaudry rsstyore oe to vindchivae ythe rwetalysi ng
preferred. Exargyl es of conjugated dienes include piperylene,

2, 3-dinmethyl -1 But adi ene, chloroprene, isoprene and 1, 3-butadiene with
i soprene and 1, 3- bulr@si¢a@n ethd dunBerPivkiabe Wotichdr ReRhesf 8. o-blefih YoBeRf such
conjugated _dienes are usefu e vinyl substituted aromatic nononer

eful. Th
content of 13 heBangh H8hbarer k00%i 188601 (MM¥rs is in the range of from about
20 percent to aboutfn?é)m%&ﬁedi&ckba/quﬁhgmma@@smgﬁ&ﬁf bediylf £ gkt 40
t. Thus, t 16

percent to about 60 percent by weight. e ali1phatic
copolymer comprises the simultaneous copolymerization of two monomers. One

monomer is a conjugated diene and the other monomer is a mono-vinyl aromatic. The
random block copolymer formed will contain double bonds and may then be
20  hydrogenated to remove some or substantially all of the unsaturation. In the formation
of the ester functionalized polymer (A1), it is necessary that unsaturation be present in
the poiyolefin such that a reaction with GMHA can oceur.
Examples of vinyl substituted arornatics include styrene, alpha-methylstyrene,
ortho-methylstyrene,  meta-methylstyrene,  para-methylstyrene,  para-tertiary-
25  butylstyrene, with styrene being preferred. Examples of conjugated dienes include
piperylene, 2,3-dimethyl-1,3-butadiene, chloroprene, isoprene and 1,3-butadiene with
isoprene and 1,3-butadiene being particularly preferred. Mixtures of such conjugated
dienes are useful.
The vinyl substituted aromatic monomer content of these random block
30  copolymers is in the range of from about 20 percent to about 70 percent by weight and
preferably from about 40 percent to about 60 percent by weight. Thus, the aliphatic
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WO 01/ 14433 PCTI USO0/ 21834 conj ugated di ene nononmer content of these
copolyners is in the range of from about 30 percent to %bo t 80 percent by
wei ght andVB¥i44#4bl y from about 40 percent to about 68 5@3'@@%3"by wei ght .
What follows is a discussion on the different types of random block 5
copolynmers. L Random Copol yners: Those in which the conobnoners are
randomy, or nearly randomy, arranged in the polyner chain, wth no

signi ficant d%@ﬁj@?até?ﬁdi&le%&ioﬁﬁr cOHRP BOhYERbp RIS 1l rafieldf o @BBQTEr . The
general - pol yner 'structure of a random copol yner can be represented by: 10
-S-D- D. - S- D- S38ppresnt i abogt §6 peregntihy weiphpany peefeyably fremebaut 0 pergent éxsabgutyj ny |
aromati ¢ nonorgr. .sfyrene, and D denotes a conjugated di ene nononer
such as 1, 3- blrjgt%zfaﬁigﬁgyg’r&gﬁéoprene. Such random copolynmers, nmay easily be
made by free radi c&hat dplddwsreyr iaz distwssion ki Wi Hiffetehie tyfeend  randomreblock

I ntroduces_an ol efinic unsaturation of sone sort, either in the main
backbone of tt‘f8p‘§8f’§ff‘rar, or pendant on it, it is to be understood that the
ol efinic sites mayLbRapdtas Copdliradrs:y ThesaTy ahidhythd yeHi®oaRfAl 4ré FandédlyRagul ar

Li near Bl ock Copolynmers: Those_in which a small nunber of relatively |ong
chai ns of hondBeINARdondy. aganged inthe Bolymer bR, Wikl Ro significantdegres of Blpskingd” 20 to
a smal | n“”b.erhoﬁ‘fopéil?ﬂnéiI beyfledts | A NEt&NRAbRtin? TYRTBRCY PBlymef s@RAOSE o YPe of
nmononer. Normal, or regular, block copolynmers usually have from 1l to about
3, preferabl yanskemcopelpmerican be @pregantedibyel y | ar ge' honopol yner bl ocks of each
mononer. j1dhus, a |ineargeeus.prs-dikask-sppipmwis-pip-siryrene or ot her
vinyl aromatic nononmer S and conjugated diene D would have a general
structure reprdesid Sdddngtea a eingearbinaiik mofiomét Ssublo P pofrenee andSDatémaekhad to a

| ar ge bl ock of h,orgggdgl mer D SSSS%SSSSE? S—@DDDDDDDDDDDDDSDI{)DD The

bl ocks of nondTEPe N JROMIMET UG} &5\ F-PHBEEES 8T i13PHF- ¢ RECL AT ze or
ol ecul ar wei Gapolyhiérs,iedy@adily bk nalié by fébahditad 6bolydrtizdtiag. i nitial olefinic
unsaturation introduced into the copol yner by diene nononmer D has been
substanti &Py renoViklephe disng yengmenimpdiges a1 plehinic ypsstusaon S oM Fefts

conpri si ng hYFEitﬁ&%ﬂaE%%rpl%NbduéWﬁm@E&?Bér. blsﬁﬁéaﬁ{‘@r) it 3118t Whabtod6d thhdhe trade
names "Shellvis 40, 50 and 90" by Shell Chem cal Conpany. ‘
the olefinic sites may be substantially removed by hydrogenation.

II. Regular Linear Block Copolymers: Those in which a small number of
relatively long chains of homopolymer of one type of monomer are alternately jointed
-20 to a small number of relatively long chains of homopolymer of another type of
monomer. Normal, or regular, block copolymers usually have from 1 to about 3,
preferably-only from 1 to 2 relatively large homopolymer blocks of each monomer.
Thus, a linear regular diblock copolymer of styrene or other vinyl aromatic monomer S
and conjugated diene D would have a general structure represented by a large block of

25  homopolymer S attached to a large block of homopolymer D:

' SSSSSSSSSSSSS—DDDDDDDDDDDDDDDDDDDD
The blocks of monomer S and monomer D are not. necessarily of the same size or
molecular weight. As before, it is understood that the initial olefinic unsaturation
introduced into the copolymer by diene monomer D has been substantially removed by
30  hydrogenation. Linear diblock copolymers comprising hydrogenated poly-(styrene-b-
isoprene) are sold under the trade names “Shellvis 40, 50 and 90" by Shell Chemical
- Company.

17



17 WO 01/ 14433 PCT/1USQO/ 21834 In |ike manner, regular triblock copol yners
are understood as having three relatively |large major bl ocks, or segnents
of honopol yweri/essgposed of either two nononers; i.e., aBCHERE021834
SSSSSSSSSSSS- DDDDDDDDDDDD- SSSSSSSSSSSSSS 5 and, DDDDDDDDDDD-S S S S S S S
SSSSSSS S DDbDDDDDDDDDDD A third nmononer A may al so be ‘i ncorporated in
these linear, regular bl ock copol ynmers. In this i nstance several

configurations are si bl e ependi,ng on how the ments are
i ncorporated with P§§% TRy %@gﬂqﬂ{ﬂﬁ% c@xatﬁrf)’f]‘g rsnl avm %EI%? ri bl ock
copol yner of reR@RB! Bred mdbrasltke) di@egnttntae;fmembp@ﬁﬁéreﬁnipyseawemet weli f f er ent

configurations: DDDDDDDDDDD- AAAAAAAAAAAAAAA-S S S SSSSSSSSSS
DDDDDDDDDDD- SIHTOHESHISSSING. , 15 Or,

DDDDDDDD@%@@E& ? ISODSDBPPPDD-d9sEssdd93886s Random Bl ock
Copol yner.s: Those in which a relatively large nunber of relatively short

segnents of hamdpol ymer of one type of nononer alternate wth a relatively

| ar ge nunber of shor @B ratele] X F][ﬁﬁﬂs mer 20 type.
Random bl ock pol yrreré:Dﬁoﬁg I§Dnvensl on %gfggg [ nearﬁﬁor t ’il'je)y may be
partially, or Aitdid ymdnoaer YednayThko rtel mbmrpaataat riangeseeliteanf repudaro plokk mer

segnents in a I|near apndam bl ock Wmchls h t referred
b1 ok pol yrrer. GPOTIHRS It RGdmRSh SSYE e Betn pasioly Serskie & fo

- DDDD- AAAAA- DIgh¥ findpbligklet &éﬁe@r&%&p&&e@% r&!fﬁ&itﬁj gacPotheD FRs Edlnipled '
conj ugat ed di ene nononer, and A represents a vinyl aromatic__nononer. The

arrangemenf of? sy mhlatkﬁqgalamewmew Dsaag r?e?ﬁ“%d b repgwhtcd Ppesstll  mononer
in a linear radag&égtp&%}&aggtsyner is alternating. IV. Linear Tapered Random
Bl ock Copol ymers: 30 A-speci al type of confl guration in linear random bl ock

copolyners is the DIHEPDDDE S A AtS58853SSEEST. hi s
arrangenent, a major portion of the pol ymer

DDDDDDDDDDD—SSSSSSSSSSSSSSS—AAAAAAAAAAAAAAA,

15 or,

AAAAAAAAAAAA-DDDDDDDDDDDDDD--SSSSSSSSSSSSSSS.

HI. Linear Random Block Copolymers: Those in which a relatively large
number of relatively short segments of homopolymer of one type of monomer alternate
with a relatively large number of short segments of homopolymer of another monomer

20 type.

Random block polymess of this invention may be linear, or they may be
partially, or highly branched. The relative arrangement of homopolymer segments in a
linear random block pblymcr, which is the most preferred block polymer of this
invention, may be represented by:

25 -—-—DDDD—AAAAA—DDD~AA—;DDDDD~AAA—DD—AAAAAA—DDD-—«
wherein D represents a conjugated diene monomer, and A represents a vinyl aromatic
monomer. The arrangement of the individual homopolymer segments of each type of
monomer in a linear random block polymer is alternating.

IV. Linear Tapered Random Block Copolymers:

30 A special type of configuration in linear random block copolymers is the linear

tapered random block structure. In this arrangement, a major portion of the polymer
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18 WO 01/ 14433 PCTftJS00/ 21834 backbone is of the random bl ock type, with
| ar ger bl ocks of one type of honopol yner situated at o t he

nol ecul e. WRAV&IR hesis of this type of polyner is usuaﬁﬁvﬁgggﬁ&yed out by
preparing a |inear random bl ock copol ymer, then adding nore of one of the
nononer types near the end of the polynerization, so that the additional
polymer 5 forns a series of ever |arger honopol ymer bl ocks at the end of
the grow ng |yRRhe istEheTBAdoRT bk typel @ith 1anyer bRwdlasdfiohe! typel ofiahiGPolytefrONOMET
is generally chosen to provide the |larger, tapered honopol yner bl ocks,

al t hough ot heituatod atsonsfenshof theaaleculen Thp dynthesiy of gs tyee ef PRIYPY e usnally
SSSSSSSSSSSSSIRRAT é@é‘é - IQIQQ? rrdbooe s dddRher, iknlddBfig @8 @f r andom
bl ock copol ynersg%% v ?anl a‘?cant y ogk?]gf erer?tr snol ubI§| ities rli n diluents
nor mal | y usedthe monooer typas tnedrdhenendaof therpolymesization| sodbat shepadditional polyimekeni ng
power at RQigh,tenperature fte i t eV [ .

condi tion offoﬁtflgﬁ Sglﬁeéaqf,evgﬁlgxg%rnéorngc{;’g%egw esarr%gié% nljf r chCr\S};é caévr#%] g?{:ag
conpared to gdlyidrechainn d @bk blint sulsstmeldy sremstico nosomerl Aar gemerhiyc chasen wei ght |
nmade fromthe same 15 nononers. In ggqr}%i‘gk, ?:"& igfl referred that these

bl ock copol'yni¥p¥ide theylareen taprred fpmgpalymgr; blocks, Altpy i‘ﬁiﬁ’ 0PSH O B ror e t han
about 5 perceply ad\he@ Rt ppoée.n0 nore . than about 0.5 percent residual

ol efinic unsaturation on the basis of the total nunber of_carbon-to- carbon

coval ent |inkages #SBHIFPSSRESERSFAJOISESdPRD- SR RNSIHPRY on can be 20
measur ed 48y a numhgp.of, RANS, 'bldéﬁlcgyﬂm erk hﬂiﬁhﬁ{e dhlifidantty) diffifent’ ¢, Such

as infrared, NVR “etc. 'Most preferabl hese copol yners contai n no
di scerni bl e sohgulities an iddwentssnamaliy nied daj ibpicart & Pre s (WeHedd POyt i cal -

techni ques. The.random bl ock.co ' I B@y‘ rage
nol ecul ar we P ;{o%r ragﬁug%l g%%%g{ﬁs’ %ﬁho)(ea ou%%,‘g%g%}@(r)&m@?

pref erabl y abeuiiditidfs 60Bigh Ghea?, "and imptov@DBwORMperitue visdogletrics,vmpgedrtol ecul ar
wei ght for these copol rs is.generally in.the ran of. about, 50, 000 to
about 500, 000?1“‘8}%”?@‘?"5{%“1&69}13@9@@, 0%“’2{56 m‘gf)c(')‘f?f “@tﬁg?d’a?&e?ﬁ%ﬁ%g‘%‘ﬁat i on of
the unsatusr at gdndth@ek pol ymers obtained initially as polynerization
products produces ]ip,)lol yners that are nore oxidatjvely_ and thef mal. | )

30
stabl e. Reducti on Mgehsrg; iy prgfered that theseblpckgopglymersyfor reasens g1 085 a1 i on

process, Uusi Ngiability, contain no more than about 5 percent and preferably no more than about 0.5

(D

percent residual olefinic unsaturation on the basis of the total number of carbon-to-
carbon covalent linkages within the average molecule. Such unsaturation can be
20 measured by a number of means wéll known to those of skill in the art, such as
infrared, NMR, etc. Most preferably, these cbpolymers contain no discernible
unsaturation as determined by the aforementioned analytical techniques.
The random block copolymers typically have a number average molecular
weight in the range of about 5,000 to about 1,000,000; preferably about 30,000 to
25  about 300,000. The weight average molecular weight for these copolymers is
generally in the range of about 50,000 to about 500,000; preferably about 30,000 to
about 300,000. ' -
Hydrogenation of the unsaturated block polymers obtained initially as
polymerization products produces polymers that are more oxidatively and thermally
30  stable. Reduction is typically carried out at part of the polymerization process, using
finely divided, or supported, nickel catalyst. Other transition.metals may also be used
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finely divided, or supported, nickel catalyst. Qher transition-netals may
al so be used 19 WD 01/14433 PCT/1JSINJ/ 21834 to effect transformation.
Hydr ogenat i &0 é1g4436rnal |y carried out to the extent of Ipedussingsss
approximately 94-96% of the olefinic unsaturation in the initial polyner.
This means that the manner .in which the di ene nmononer incorporates becones
an inportant paraneter affecting the final physical and sol ution
properties of the.5 drogenat e ners. at anpi ent and | ow te eratures.
Bhe T gure bl BuTERbIESERENE. | HEBvasUran da Toaev] e o ¢ 6 S

1, 2-manner . HygoQSeNgipkin@dly 84-56%- & the oRBRL| BHI@hL AN RHO g olyhREar
polyethylene segnments in the polyner, reducing solubility in general, and
i ntroduci ng hi GHF JeeansyBaihe paancs iy wélctm&?@rmoa@eawe@p@t% bggomes Gy

t enper at ur es, - t I} i gt t her mal
10 transitions. ~H:C\153991?%? %fé%ﬁ% iﬁlal Lﬂ?}%éﬁ %EQ%ZP g (gr ﬁ‘,%
CH2=CH- CH=6H2 hm@ginmmmma@mb(eﬁt%mcﬂaw) lﬁcmpgratﬂl-‘es (IﬁHZi@H)mbelow sHows CHECH2
CH2CHa Ci s-1, 24 ont ras dr enatlo of the olefin.int ed by
1, 2- pol yneri zacgllmlonmg PO %b% ﬁ clrsez’s"ﬁl Emapney r}gﬁlﬁ)&ﬁ?wg’? YR g‘?’@ﬁp t hat
enhances sol ubcohﬁgqtanoﬂepfoemesnﬁiry§®t§éthylemet Seghenit g  the epdyB@yFRdRLRg and
substantially rg}%ﬂces t he ten en c}/ rd assqciation. The ability to

&Y B gepergl 2 qdusin

control the bal® W“@i“@rﬁétc%ﬁéﬁ@mﬁ%%?aﬁoq‘atl on,

in order to Opki BhEeAYAl ahd iRFRARGS Pb@ﬁtaﬂ; Jnassnﬁmeiﬁﬁa@é},?éc%@edbhﬁﬁﬁatpol ymer,
for use as a viscosity nodifier in [ubricating oil conpositions.

| soprene |lﬁcor%ﬁ§?fés into bl ock poI ymers in a simlar nmanner to that of
1, 3- butadiene, i.e., either by s or 3,4-polynerization. As with
1, 3- but adi ene, predom nantly ci -incorporation is usual in non-polar

paraffinic solvents, but prom rs gctt as ta((fﬁ‘@f@ﬁ%ﬁﬂ favor
0

3, 4-polynerization. Again, a ba énce
cis-1,4~

CH=CH-CH=CH, —™
15 1,3-butadiene _
-(CHa-CH-)y —>  ~(CHCH),-

{

. |
CH=CH, CH,CHg

cis-1,2-

In contrast, hydrogenation of the olefin introduced by 1,2-polymerization of the diene

20 results in a pendant alkyl group that enhances solubility, decreases crystallinity in the
diene segments, and substantially reduces the tendency toward association. The ability
to control the balance of 1,4- and 1,2-modes of diene monomer incorporation, in ordtar
to optirmize overall properties of the hydrogenated block polymer, for use as a viscosity
modifier in lubricating oil compositions.

25 Isoprerte incorporates into block polymers in a similar manner to that of 1,3-
butadiene, i.e., either by 1,4-cis or 34-polymerization. As with 1,3-butadiene,
predominantly cis-1,4-incorporation is usual in non-polar paraffinic solvents, but
promoters, such as tetrahydrofuran, favor 3,4-polymerization. Again, a balance of

properties may be achieved by using small amounts of electron-rich promoters to speed

20



properties may be achieved by using small anmounts of el ectron- rich
pronoters to sPeed 20 WD 01/ 14433 PCT/USQO 21834 initiatiaon

pol yrreri zaVP8H1¥43hd to i nfluence the nature and propert |PE§/U(§?"/ZP??§ final,
hydr ogenat ed polynmer. Wth isoprene, there will be no possibility of
formation of crystalline polyethylene segnments on the hydrogenati on,

because there vm" Il al vvays be aliphatic substituents in the polyisoprene
bl ocks.. 5 CH3pyy tio; §dd% %eﬁé& the nﬁtﬁzgdg bithe @R, Ci s-1. 4-
20 GpC. O RN -Z’-k“ H B e B, S

CH3 CH3 It calwdbeenawepvlmdneﬁvtﬂmppm tlgﬂnc;/svilll:h¢ narmsssmlltutqfcfmrpﬂg@eftu es of

bl ock 15 copol e QRS , he

met hod of pre[% "HF O?Jeﬁ’ﬁ% é’;}%&%ﬂglogﬁ}e@%g%@ﬁ%@g“ stt?%rg%gﬁ alv?apgbé

sol utions ar eal@hiriclsabslnyneﬂtepﬂhdpoiylsmenepbbmer m crostructure. I\/br phol ogy
refers to_the actual conformation of polyners under a defined set of

condi ti oné and i s dependent on structure, polyner concentration,
tenperature, and additional infCHgnces of solvents and other agents. 20
Many types of bl ock polyners shpw a good deal of internolecular associative
behavi or, wherein bl ocks, orCHegnents, of |ike hom@Hl yner nmay aggl onerate.
In this sense, the block pbl yne\s denonstrate a kijnd of surface-active

nat ure, wherein t hey fofF@Hy cel CHg)x-siml a(CHLHOECH,jxor ned by cl assi-cal
surfactants. Supporting this property are studies which have shown that

bl ock polyners have the ability to stabilize 25 colloidal dispersions. 21
WO 01/ 14433 PCT/ | 3§90 21334

| .
10 CH,=C-CH=CH, —™

isoprene

cis-1,4-

e
C=CH, CH-CH,4

cis-3.4- CH3 CH3

It can be seen, then that the physical and solution properties of block

15  copolymers are dependent on both the monomers used, and the method of preparation.
The morphological characteristics of polymer solutions are similarly dependent on
polymer microstructure. Morphology refers to the actual conformation of polymers

under a defined set of conditions, and is dependent on structure, polymer
concentration, temperature, and additional influences of solvents and other agents.

20  Many types of block polymers show a good deal of intermolecular associative
behavior, wherein blocks, or segments, of like homopolymer may agglomerate. In this

sense, the block polymers demonstrate a kind of surface-active nature,wherein fhey

form micelles, similar to those formed by classical surfactants. Supporting this
property are studies which have shown that block polymers have the ability to stabilize

25  colloidal dispersions.
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I n general, polystyrene-bl ock-polyisoprene hydrogenated di bl ock copol yners
have two relatively | arge segnents associated to a nuch greater degree than
do random MWoaki4el yners of simlar conposition and nol ecwlsso/msisght .
Typically, the diblock copolymer concentrate can contain no nore than
about 6% by weight, and the' random 5 bl ock copol ymer no nore than about
8% to be pourable at 100C. In general, it is preferred that these bl ock

copol ynmers, for reasons of. oxidativ tability, contaipn no nore than
about 5 percent and“pFafar QQW?WEQ?‘W(?PO&FQW%WW%M ] E’%ﬁ?l"’{y&?fsdual

ol efini ¢ unsat Uaattve Ri@Rely esciBShehtsOhsobBRd tPd RhchBUERS Bede 1A PQMdbR- Carbon
coval ent linkages within the average nolecule. Such unsaturation ean be 10
nmeasured by a RiPEbeelyBes phamdangompositovind replechies weight. slypicelly, ghetdiidockr t , such
as infrared, , : ARLS tal . no

di scernible wun a%%rrﬁg(tg?ngér\\&%% cﬁ%?%ﬁﬁe’é”ﬁ%ﬁ %gougg %?Jé' rr‘g%h?'oa%ggl eg‘%\'{abfnfllt i cal

t echni ques.5 Exalopk enpolyimecrermee diaa bbopt 8% & beglohmble antdOPE.bl ock copol yners

include the wvarioiys dissoviscal, blqck copol rs nuf act yr ed by BASF.
Two especially 15 #8?%?‘#28 P %ﬁdﬁﬁ&ﬁﬁﬁa‘ﬁ%&@g@gﬁﬁ’g‘%ﬁﬁﬂs %@Q‘%é?%‘

G i ssovi scal (r ytaifitypitafdin riot Bbre Bah WBRE S pdfcént RAd HERF51yGR G Hiah @bkt 0BC| eus
and polyneric arns. Conmon nucl ei include polyal kenyl conpounds, usually
conpounds havi RYCHF TEEER CleliniG Bt prLGatats o kefyH ngroeme, cathende- y
groups attachegub@ Sdveeht’ PHkadis UASHAMeherad HoRSulee Fhch i Ccafusl ei . The
polymeric arns are often honbpol yrners an 20 copol yners of conj ugated

di enes andiGronsgiweEa\y apenkes of mears welli keesvnt teethessf of skilkinpthk yamte secht dsus
conprise a pol y%hfn C | e i ol rLc arns
ext endi ng out V\g]gxgg%ihere ’r%ﬁfh %g x?%fa% b%e)rsr%?}s}%l eésu%%%}f‘y ® t%ggrsr%lgfeénat ed
such that at | esstra809sscktetrhieedtintad dfobmetiohalenagidabiechniueks are sat ur at ed,

nmore often at | east,90% and even re f er abl t | east 95% ar 25
saturated. The pol yEinaHx ?es cogﬁﬁl&ﬁ]ﬁﬁgﬂ%ﬁﬁ%@eJﬁt‘a‘ﬁﬁpe/mﬂ‘g‘c?@ﬁgnﬁfsemfﬁ’g%gﬁ ated by
pol yal kenyl ar esiefis Glisgoviscali Motky bopaBfeanmanitdnpe Yy BARE.  ahwioPbptdidly
conpounds. Dienes making up the polyngric arns are idlustrated by

but adi ene, 15 sopetred cogplymes are| Glissovisial n SGHIead (Hissovisgsb UBRS260 ¢l ude, for

example styrene and.allivhat o pafnfR’ dking®s WGESOhia 22yM0i0 Y433

Common nuclei include polyalkenyl compounds, usually compounds having at least

two non-lconjugated alkenyl groups, usually groups attached to electron withdrawing
groups, e.g., aromatic nuclei. The polymeric arms are often homopolymers and
20 copolymers of conjugated dienes and monoalkenyl arenes and mixtures thereof.

The polymers thus comprise a poly(polyalkenyl coupling agent) nucleus with
polymeric arms extending outward therefrom. The star polymers are usually
hydrogenated such that at least 80% of the covalent carbon-carbon bonds are
saturated, more often at least 90% and even more preferably, at least 95% are

25 saturated.

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

Dienes making up the polymeric arms are illustrated by butadiene, isoprene
and the like. Monoalkenyl compounds include, for example, styrene and alkylated

30 derivatives thereof.
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Star polynmers are well known in the art. -Such material and methods for
preparing same are described in numerous publications and Patents

i ncl udi ng YREVI443 | owi ng United States patents which ar ECREPER)R4

i ncorporated herein by reference for relevant disclosures contained
therein: U S. Pat. No. 4,116,917; U.S. Pat. No. 5 4,141,847; U S. Pat. No.
4,346,193; U.S. Pat. No. 4,358,565, and U S. Pat. No. 4,409, 120. Star

pol ymers are COMTRL rgaunyer@mwelbk&wnf I th&%AMPSRh mﬁh%h%am?dg%ﬁol d by
Shel | Chem cal order to form (Al'), the polyolefinis reacted with

t he unsat ur atre@anm sw b@)@ﬁml‘tbﬁ@t@ﬂ dumarppy puhlicgtions aad pateas.uinglndidg dker boxyl i ¢

Vel oi ¢ anhycrtoing rted SRR een 3l oDl RO RO Rl Dyt 1 1y,

t he reaction fnnnedﬂwmsdlmmemgontheeqombgpm etiSh PathiNat I4ell6,|9m’$a[ﬂ Sr RateNo.

o esonte B PnEe7T I ORE R LRastlon” RGN op R dl Pt Mo s el

as m'xtures 09f120nsat ur at ed nono- and pol y-carboxylic acids can al so be
used. Alternativel when an unsat ur at ed o oI ef| n |s resent t he
reaction to form W)P"WWCQSB‘HEG@%%GWH B0 9l i n t he
presence of qRjlqpei @BedfRRarcd.nN the reaction of the poI on efl n with the
unsaturated carboxylic acid, the carboxylic acid is present within the
acid functionalizdu qséﬁryWefor(nA(l)l)atthef pelyrlefinQis reaged gvithh&gt usspburated anot her

| t t f
?eag'[ gﬁtls sucﬁ%%% Wdrﬁ g%“fg%%ldlngﬁ %rg cgﬁ?{éﬁ? g{: Pgwfyﬁg‘t}‘é‘%%i@?&h?ﬁ | ustrate
t he prepar at iaoid, ofaleficAhnhydiide adsholiker Makie anhpdlideds g, preﬁantchemtmatempl es and

i n ot her parts of thlss | lon, . .as.we s in . the ppended
clains, all FARPEYH, ﬁm?)er Y ﬁrf’gﬁaté 5‘?%“?)'&/"\7(181"8%3‘?“@%&&&Pgly?/g&? *@8%
Tetr acgl oro ?Ldi:){dttﬁda&d (c&bbx%i& ragid at 8 é@mmded dbh ﬂhwtg m202Cs idt aboat :g)ePC cia qua{m
sparged wi ni an n, a under nitrogen to a dry reaction
flask at 25C. PfesA@‘iet"gta gl}FPraP(gxewse Bricorobpleting ot well aF mk¥eLus

et hyl ene18nd qr@psthane rh§no3Qnd gbrwammxcb@h@%h hésot 88 Gahl Altrddvyyene

liquid surface at .a rate of 1 second until a saturated nononer
sol ution is obteai Hednsatyeed polyelefiptis esepfeithy Teagtion to form (A1) may be

conducted thermally (up to 200°C.) or in the presence of chlorine gas.

~ In the reaction of the polyolefin with the unsaturated carboxylic acid, the
carboxylic acid is present within the acid functionalized polymer (Al) at from 0.001
20  to about 5%.
In another alternative, unsaturated polyolefins can be reacted with glyoxylic
" reactants such as GMHA or glyoxylic acid.

The following examples illustrate the preparation of (Al). Unless otherwise
indicated, in these examples and in other parts of this specification, as well as in the

25  appended claims, all parts and- percentages are by weight.

Example (Al)-1

Tetrachloroethylene (3 liters) is passed through a silica gel column, sparged
with nitrogen and then added under nitrogen to a dry reaction flask at 25°C.
Agitation is begun and an equimolar mixture of gaseous ethylene and propylene is
30  introduced below the tetrachloroethylene liquid surface at a rate of 100 ml per

second until a saturated monomer solution is obtained, the excess of gas being
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WO 01114433 PCT/1JSO0O 21834 allowed to escape through a gas outlet tube.
To this saturated nononmer solution there is added 8 ml (0.0128 nole) of a
1.6 nol ar s3YQEWid#H3of al uminumtriisobutyl in cycl ohexameraneh@s394 nil
(0.010 nole) of vanadyl trichloride, separately and rapidly in turn, by
means of syringes, through an opéening in the reactor sealed with a soft 5
rubber cap. The tetrachl oroethylene solution turns to a soft clear anber

gl tat od react huens HAP kg3 4B aB0R el ity il Reitefpiiat cous
ethyl ene and pthepyd sided 8 sli(M0128cdudedf adts Molitdoutioh o A0mMumpeisob@@and over a
period of 0.5 ha ure  there is added 5 m _of

n- but anol and ?yﬁffg};’%@P%%\‘é#&@é‘rﬁ‘g&gﬁgggﬁgDEE’WSH&‘F@‘,]O%WP%W%@“Q(5411@5’vvhi chis

squeezed free @in@XBLERaBArEGges, WaBEBCaS)RnAln (e TBRioMsbdled §B5H shr but anol
and dried. The copol yner thereby obtained has a propyl ene content of 20

nol e percenrt afybbes caRinBly tefroehicreathylase selulien tumsi tghat soffcleab @mbeGoloA apdr t i on of
t he copol yner ] i 9 ophE) A r),. of.maleic
anhydri de and ?Eteemﬁlé %%%gcpééﬁggf@déﬁg@g%ﬂguﬁ glfo égﬁé@ﬂﬁ%‘g‘a I?%U?nomt% acidic
15 functi onal i #88-4YT.yareequiriolammpixeud #f Jasdudethglend ki profyladRds plodikedol €) of

alumnumtriis I 4g (0.6 nole) of ene-1.in 200 m of

tetrachl or oet h@?gél% of g’gf’%cf(g%‘fngroé(?rl ah‘}f“ﬁﬁ(ﬁ’gﬂ‘%}oﬁﬁ % f AR HEF e for 2
hours to for mthtrens mided SrmdeCy-butardd) ens eleUidiitr isepaefa] K £BbsrPOWolBn

't enper at bl ended w t m of tetrachl oroethyl ene, presaturated

180
with an ﬁbﬁyﬁg’ﬁé.‘”&c 0y PR égec-ﬁ? AcgIsSobgR: wrstied gevem! iee widfrsh o of
propyl ene. Theut@bhaHdeiRd. O RYSdRRr SRRbY oblalHed hed B P%H[agﬁnafoé‘agg&gta%?d opyl ene)
ate o : per

is fed into the tetrach|oroethyl’ene solltion at a
second. | ntr odBRI¢ PYRENG Ande Hyntehaveragnaolsppywabehs of 25009t i nued as a sol ution

of 4.35g (0.025 nol r. i Q
t et rachl or oet hyl ené?og@%x&@ﬁ@%op@% rgeﬂélg%} lgﬁh ﬁl%xéhgsvee%z Pim\‘?ic&%%%@ stirring
at 29-41C. ovex n@leiroanhydtide an@thaimixttme ds hefited 120040 yfot 3 haurn® fancheidivi ol et

sol ution nd I orption of the gas feed commences. Thereafter, 30 ml
(0.108 m)llg) gp&%g%%%fm?' solution of 1,4-hexadiene in

tetrachl oroet hyl ene i s added over aEpapla@dlof 9 mnutes to the reaction
m xture at 41-48C. . The f eeg of ethyl ene and propyl ene 30 is continued and
53.4 m (0.192 nol 8)S°H5PR obi0g RS Fok) ahpluminemyrirakuivi a8A 84 @ Qmplshof | s added

to the reacti @Bceb-1tin FOOMElof detRBRIbAEPEneis Ul AlredSt 40Gr aTHGRLE 1 M Of
atmosphere for 2 hours to form aluminum tridecyl. The solution is cooled to room
20 temperature and blended with 1800 ml of tetrachloroethylene, presaturated with an
ethylene-propylene gas mixture containing 75 mole percent of propylene. The
ethylene- propylene g'as mixture (75 mole percent propylene) is fed into the
tetrachloroethylene solution at a rate of 37.5 ml per second. Introduction of ethylene
and propylene is continued as a solution of 4.35g (0.025 mole) of vanadyl chloride in
25 100 mi of tetrachlorosthylene is added to the reaction mixture with vigorous stirring
at 29-41°C. over a period of 2 minutes. The catalyst forms a clear violet solution
and rapid absorption of the gas feed commences. Thereafter, 30 m] (0.108 mole) of
a 3.6 molar solution of 1,4-hexadiene in tetrachloroethylene is added over a period
of 9 minutes to the reaction mixture at 41-48°C. The feed of ethylene and prépylcne
30 is continued and 53.4 ml (0.192 mole) more of the 3.6 molar 1,4-hexadiene solution
is added to the reaction mixture over a period of 2 hours at 38-40°C. Then 6.1 ml of
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24 WO 01/ 14433 PCT/ USOQ 21834 n-butanol is added to the reaction m xture
causi ng preC|@|tat|on of the copolyner. The preC|p|tate | S slurrled wth
acet one i n"PH("&Hder and then dried on a rubber mill atPSHEFHFY pr oduct
(97g) is a soft, rubber y terpolyner which has a propylene content,6 of 42
nol e percent, a diene content of 1.2 nole percent corresponding to an 5

| odi ne nunber of 8.9, and by difference, an ethylene content of 56.8 nole

percent. Thepbefapsliy GBledd Shetrch@ibi A 0P Bfisink Grati GRS bi/the ly@ér, about
2.1, corresponding to a nunber average nolecular weight of 5 000. A

sol ution of 5EPresipiat is sa*smq Ytk Acciane ip 2 dlendgriand QUDG’QC@)P“ e.%hwll oxXi de
and 1830g of jihy@Ecm U;Srsd ?sda‘%ftt% ryek&%gﬁﬂéf%ﬁﬂ?hés‘l%%} éﬁfen%m)c for

4 10 hours and then eate OOC a rcury tore atile
conponents t @ngﬂm‘/ ef %@gleq’brcantr zdietricontdix ahp?P moq-aﬂpcxc)enscommondmgtto g

bt d t {l Al)-2
rom thess r cRRPBAREeL HEs SRER) ilershet e ARG RS R mip Rty
anhydri de ( 10%hdierpobinghthasi rddacedoppsifie/ wiscasity EXSVIDOTeibowll ).1, £oftbspopdiag edur e of
Exanple (Al)-2 is essent;gg#rlloi/eﬁ aEeat ed, exgqit that the nmaleic anhydride

enpl oyed i s SEARPIRET Y5k %ﬁﬂtfﬁé anpl e (AD-5 20 The procedure

of Exanple (Al)-2 Asoxaﬁee&tsoeg b¥/thiseRBAREY is P LRPPitH fmfogrohe; h&ﬁh Bkie

anhydri de enpl déed i's 4% by wei ght of the cop Olcén g?;l) 6 One
gal i on (3000g3" ¥33939f\ﬁbﬁgh¥t“§eksd@ﬁﬁd§’(b¢%m%lﬁﬁ aghy ﬁcéﬂg}laé ene

copol ynerg mdﬁotﬂé’aﬂ&ﬁeﬁ&&h f 20k &I 85 teqerﬁaere%ﬁhm efeed 25

VOCI 3/ al um num sesquechl ori de catal yst, e c pol ymer contal ning a aout' 54
wei ght per cento give38Bgnka residuel6 wei ght percent propyl ene havi ng an Wnh of

60, 000 in solvent 100 Neutral oil lésamgi%?(t@f-%to 180C. under a nitrogen

bl anket. To this is added with sti 59 (.4 percent by weight of
t he copol yner) nal&ipoduehysdobididediibg the fgoceliure essentially the same as that of

2, 5-di met hyl - hex- tertla but eroxi de. 5 hqurs of
i i i i g SBRTRLe VAR et ratansg e cophimeb it SRR D2 el ¢
ni trogen i5or ahhParide10% by weight of the copolymer).

Example (A1)-4
The procedure of Example (Al)-2 is essentially repeated, except that the

maleic anhydride employed is 5% by weight of the copolymer.
| Example (A1)-5
20 The procedure of Example (Al)-2 is essehtially repeated, except that the
maleic anhydride employed is 4.4% by weight of the copolymer. '
Example (A1)-6
One gallon (3000g) of a 9 weight percent solution of an ethylene-propylene
copolymer made by the Ziegler Natta process using hydrogen moderated
25  VOCls/aluminum sesquechloride catalyst, the copolymer containing about 54 weight
percent ethylene and 46 weight percent propylene having an Mn of 60,000 in solvent
100 Neutral oil is heated to 180°C. under a nitrogen blanket. To this is added with
stirring 1i.25 g (.4 percent by Weight of the copolymer) maleic anhydride and 2.7g of
2,5-dimethyl-hex-3-yne-2,5-bis-tertiary-butyl peroxide. After 5 hours of maintaining
30  the temperature at 180°C., the contents are sparged with nitrogen for 2 hours to

remove any of the unreacted maleic anhydride.
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remove any of the unreacted nal eic anhydride. 25 WO 01/ 14433

PCT/1JS80/ 21834 Exanple (Al)-7 Added to a 12 liter 4 neck flask is 5950
parts of diwoemtssei|. The contents are heated and stir Pe@#usS@/2189C. and
slowy added are quarter-inch chunks of an ethyl ene-propyl ene copol yner
identified as Mtsui Opheus 1010 OCP. The 5 copolyner is added to the hot
oil until 1050 parts have been introduced over a three- hour period. Once

t he polyner is dissolved, the tenperature, is_|lowred to 130C. and added
are 15.3 parts (0.32 equival ents) ré@m ydride. This is followed by an

addi tion of 15.3 padi&i dha02hidrReROIRR M IAb Partdof 2ufRbllS ThOtARAE Lyer a
one-hour period. The contents are maintained at this tenperature for 2

hours. The coreded gnd Gtiged @ HEH Cs tanil pisdy ordded g fyastesigrly churkst @f a50C.
whil e bl duct
ot o1 o ot 59 i Bl P Rofh gl RBleaP TR o) e y” 0gUe

100-gal | on3 ( 3%pdlymern9 addedmttbm hmtsnlexqui 1950 ghantd Halve heemmi*ﬂmedaivcxsa threet Nng 15
system nonongr reserv er, .cond cool i ng
Phcket ana. nBout FESfn Hnee BR TolyBRt it feslvadi BF FABORITY 1RENE R iS00 K

1- dodecene andnd iddéd Ia@ 1tss3r;iana(%ﬂhqw£1emtyl 1841éi6l enty8rideD amgaslfdllowk By AONOMET
feed reservoir. present at about 0.25% wei 1%ht of the total

charge. To t héd‘é‘fli”i‘ PE@IS ﬁé’&gf GPutylperopyhenragte §o20  BaridrigugRe; BXFF @rfed9hr | de and
3.45 kg anhydrglsy, Arfeldnfhis SuehbhRins ldf ths ﬂcl%Fgerufe%} 2dot i’ggcontm& re upon

a dropwi se addition of the co-nononer/t-but | oride solution is

i ni tiat'edi¥i a arcn@emsrippadroffveiatilei salvents |£mﬁ@°€h@hﬂeeblewmg witteritrgzd® idit s. The
pol yneri zatio [ co-
nononer/t - but &P&c%ﬁ)?é‘%@u&% g‘:]’ge@lpg&@%rr% mﬁﬁéé’\?z@p&?@% %}{tf&gfgaﬁr}a&xt ure is
stirred for anhwddetional 1.5 hours at 15-20C. 25 The pol yneri zation -
mxture is warnmed to roomtenperat ;éée gltp ii%l rring. The AICLl3 catalyst is
neutralized by addi ng 28% aqueous 3 on into the product m xture

with stirring at reaomgd-gupser@dUlits) Aatter i< afippeat witte it madhadiadli Qising he
aqueous ang organi ¢ phases were separated. The organic phase is Stri pped of
sol vent 1 5¥REEm.TRCNOMEF FEFeir fod fed dnlel, Wﬁ%‘%‘%‘ﬁdcﬁfiﬁ‘&eﬂ’ coRHng jackst ef i n

copol yner havizRgnNg atmosphere. A solution consisting of 69 kg 1-octene, 69 kg 1-dodecene and

1.1 kg tertiary butyl chloride is charged to the monomer feed reservoir. Water is

present at about 0.25% weight of the total charge. To the stirred reactor is charged
89 kg dry methylene chloride and 3.45 kg anhydrous A1Cl3 This AI1CI; slury is

20 cooled to 10°C., where upon a dropwise addition of the co-monomer/t-butyl chloride
solution is initiated via the monomer feed inlet into the reactor over 3.5 houss. The
polymerization temperature is maintained between 15%20°C. After the co-
monomer/t-butyl chloride charge is complete, the polymerization mixture is stirred
for an additional 1.5 hours at 15°-20°C.

25 The polymerization mixture is warmed to room temperature with sﬁrﬂng.
The A1C13 catalyst is neutralized by adding 28% aqueous NaOH solution into the
product mixture with stirring at room temperature. After catalyst neutralization, the
agueous and organic phases were separated. The organic phase is stripped of solvent
at 150°C. and filtered to give a 92% yield of a liquid 1-olefin copolymer having a

30  bulk viscosity at 100°C. of 240 c¢St.  Gel permeation chromatography
(polyisobutylene standard) indicates a copolymer Mn=4850, Mw=18800. A 20% wt.
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30 bulk viscosity at 100C. of 240 cSt. Gel perneation chromatography

(pol yi sobutyl ene standard) indicates a copol ynmer Mh=485 A 20%
w. 26 V\O"éi‘)"l’ﬁﬁ%S PCT/ 1 JSOO' 21834 copol yner treat nen?’town}ﬁg’%\l m ner al

oil gives a kinematic.viscosity at 100 C. of 12.6 cSt. A portion of the
copolynmer is mxed wwth 1.5% (by wei ght of the copolyner) of maleic
anhydri de and the m xture is heated to 200C. for 3 hours to forman acidic

5 functional i zgd)RRt ¥ERMmentftofANMUON rhifdot 81 Aivés ¥ Rinkhkdy viscdsicy arl00<C. efjui pped
with a stirrer, addition funnel, thernoneter, condenser and a cooling

bath. A sol uti®6c$¥ 1000 g (8. 93 nmol es) 1- oct ene, 1000 g (5.95 nol es)
1- dodecene and 40. | | red 10
eR ggxaﬁ)g oPthe fcgﬁl]ﬁﬁér i ﬁfxte!i itk 199% (byoudigticll el c‘épcﬂgxﬁé}*?

and charged to th Ion To the reactor is charged 1000 m . dry
met hyl ene chl of meleicaniyd50e endthamintae duheated ®1200°G, fap3 heurs tieen an aadic

mai nt ai ne ol ynerization procedure. The stirred ALCl3
slurry is cooF (ﬁ}gpzeg@o yn?ﬁgereupon a dropw se addition of the

conmononer/t - butyI chl ori de sol utionEitaSnp_]ei(miln at ed and continued over 1.25
hours into the reactor._The %/@msrlz n 15 te ur e tali ned .

i
bet ween 5-10C. Aft@fivedigerd quipped it a {hirger 4 jon Wbéhsefgl 138 lete,

the pol yneri zatjs kel ind 4#Edlihg bathl T4 &dutfoarofaoocagm 03 aivdds) 1-obteu0B0 g at
5-10C. The polglmarl zation mXxture is to roomtenperature with

stirring. 2amaleg)si-dqdscane gpg 49. 93(5@%@“‘8‘6& tergary apy ShlPRAROR PERRIGE | on
dr opwi se. joThe . py %ﬁ%g%; @‘Ehé §d&1ﬁtﬁﬁ ﬂ%éled TBYthberdsket isf éatRBerboansll. td&s& sol vent

r enoved to give a yield l'iquid 1-ol efin copolynmer having a bul k
vi scosity at ir&ﬂ@lenofchlzﬁa m@t 50 Qaelanhxﬁmuﬁeﬁlzﬁlaom Nh PMbetj? igpmpintaned

oo 020, R R brk P e i MR, ikggngrn o
vi scosity at $€tQGyhaéupb8 aldrepitise atfditidnpod ittel mnomﬁmeﬂ@w;xlwhloyldesolu@omxed W th
neat ed 1o tooeunieh m sonped 6t AdSaR Bt Slcr Ton DI e
Exanpl e (#5l) - 3nperature is maintained between 5°-10°C. After the comonomer/t-butyl chloride
charge is complete, the polymerization mixture is stirred for an additional 1.5 hours
at 5°-10°C.
The polymerization mixture is warmed to room temperature with stirring.
The catalyst is neutralized by adding a water/MeOH solution dropwise. The product
20 s then dried by Na,SO;, filtered and the solvent removed to give a 90% yield of a
liquid 1-olefin copolymer having a bulk viscosity at 100°C. of 250 cSt. Gel
permeration chromatography (polyisobutylene standard) indicates an Mn=4000,
Mw-=5060. A treatment of 20% wt. Of this copolymer in a mineral oil blend gives a
kinematic viscosity at 100C. of 13.1 cSt.
25 A portion of the copolymer is mixed with 1.8% (by weight of the copolymer)
of maleic anhydride and the mixture is heated to 190°C. for 3.5 hours to form an
acidic fﬁnctionalized polymer.
Example (A1)-10
A five-liter reaction vessel is equipped as in Example (A1)-9. A solution of
30 500 g (4.46 moles) l-bctene, 500 g (2.98 moles) 1-dodecene and 17.2 g (0.186
moles) tertiéry butyl chloride is prepared and charged to the addition funnel. To the
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A five-liter reaction vessel is equipped as in Exanple (Al)-9. A solution
of 30 500 g (4.46 noles) 1l-octene, 500 g (2.98 nol es) 1-dodecene and 17.2
g (0.186 mebesjassertiary butyl chloride is prepared ande@imesngeds4 o t he
addition funnel. To the 27 WD 01/14433 PCT/1TS00/21834 reaction vessel is
charged 500 m. dry nethylene chloride and 24.8 g (0.186 noles) anhydrous
-A1C13. An N2 atnosphere is maintained throughout the polynerization. The
stirred ALC13 slurry is . cooled to 15C , whereupon a dr %w e addition of
the conononerFictpusesel ihtharged 0C Bil-yy gisthylens ¢hlendsiang Zg &@dﬁgir‘?ﬂﬁ over 2

hours into t heanhﬁk&ﬁ%ltc%.- ARRE d&ﬁbéﬁﬂ&é iZ@kih@Red &F&?@h&ﬁt@ﬁ@p&]ﬁnéﬁhﬁﬁn@i ned
between 15-20C. After thé conononer/t-butyl chloride c_hargéai_l s conpl ete,
the pol yner miRewtiged 41614 duredlisfcopledip 18 diwhpsvpin 2dEpHise pediten aifh90C. The
pol ymer m xture i I L oom. t.enpe i i Lr T; at al yst
i s deactivat ed Oﬁlf%%r\é\%{t%g%&g?%{%c |u%§%n%rlﬁ@£tg§§%¥§kg?‘%g 0&5{&1 %eu&-‘qg)otp%t ion- 10
(based on.fhe reatadl Ta¢ palpnetnaticrogemperhtuckio malnsined Dasvene US%20PC.z Afterabd ymer

solution is then dried of H20, filtered d sol vent evaporated.fo give a
5006 i o1'd of - EOCLUPT SOMAHHIT e PR B POIVHth RIRe B Gy e 1001 ¢
of 197 cSt. GREdmaad ) Sitoutst ng-2°c.pol yi sobutyl ene standard, indicates a M
m=4000, Ma=16000. A.treatnent of 20% w. of this copol ynmer product in | OON

mneral oil gives dhkiPABIEE MExWTesis oxdrmpd ¢&F ropm BrpsRUESWithAstisdng | dRe of t he
copolyner is m i : el Li&d C
anhydri de andrgta H*é")(d{e%}:ﬁat?%%%%%?ﬁé%& tgdgkg%%n&&% é?éggetgg? s[?h{[ %@?osgiriﬁ an acidic
f unct i onallDzedbged yarthe ca@lystmoheenfration) dopeBe. ATheweulralized polysict sadutiopdssel i s

equi pped as in, Ex I 1).-9. A sol.ution of 00. g.. (e’ 86 | es) .1- oct ene,
500 6 (1. 190 BTAEReE FobiRes b Gttt Bhfeq I Bof« bt SRR £ldud 0 °0°,
(0.097 nol es) diefiridopslyménHtaying @ bhikrvigdesityat pooehaf @87 é8rd GPCadng®sls uting 4 he
addition funnel . . To the reactjon, vessel i h 00, m. dr t hyl ene
chl ori de and 1@?5950811% ﬂ‘ifﬁ?@&é N%lff?.s am_ﬁiﬂ(’gt%‘gﬁg e ‘f’éreﬁtﬁf,’ﬁ%/%{% Y

thr oughout 25 et iR lediBRfrhe? 3EddOft in TOUN Minefal S0giAGhSnspbade Fibscosity 6PDl.@d t O
15C., whereupon a dropw se addition of the ternononer/t-butyl chloride

solution 8 i miated and cpnti _nued over ';vvo hours into the cool ed A1C13
catalyst slurry. The,DOlYiFald BRLIAR: is mixed with 2.5% (by weight of the copolymer)

of maleic anhydride and the mixture is heated to 205°C. for 3 hours to form an acidic
functionalized polymer.
Example (AD-11
20 A two-liter reaction vessel is equipped as in Example (A1)-9. A solution of
200 g {1.786 moles) 1-octéne, 200 g (1.190 moles) 1-dodecene, 200 g (0.893 moles)
1-hexadecene and 9.0 g (0.097 moles) tertiary butyl chloride is prepared and charged
to the addition funnel. To the reaction vessel is charged 300 ml. dry methylene
chloride and 12.9 g anhydrous A1Cl3. An N; atmosphere is maintained throughout
25  the polymerization. The stitred A1C15 slurry is cooled to 15°C., whereupon a
dropwise addition of the termonomer/t-butyl chloride solution is initiated and
continued over two hours into the cooled A1C1; catalyst slurry. The polymerization
temperature is maintained between 15°-20°C. After the termonomer/t-buty! chloride
charge is complete, the polymer mixture is stirred for an additional 1.5 hours at 15°
36 20°C.

28



tenperature is maintai ned between 15-20C. After the ternononer/t-butyl
chloride <charge is conplete, the polyner mxture is stir f an
additionaIWQ.“H'(‘Jﬂ?ﬁJrs at 15- 30 20C. 28 WD 01/ 14433 PCT/ |"5@§%"&%’§4 The
pol yneri zation mxture is warnmed to roomtenperature with stirring. The
catal yst is deactivated by adding a slight stoichionmetric excess of

nmet hanol dropwi se into the reactor. The neutralized polyner solution is

vacuum stri pped ofTheshyitzsidafabielis Oiffled & EokProhupBaley bhckiping | qui d
r

1-ol efin perneation 5 chromatography anal ysis using a:polyisobutylene
standard, indTeafcaalys inmdesgigaed byjpdding @oslizht stoichipmetricpencoited! Bptbanah A

portion of th : ' ) 3 9 ety . ymer)

of maleic anh%gp‘?ﬁgll%ﬁ?;%%gﬂgn% ﬁ%rn\gn%ishzﬁ%gﬁﬁg%/%- ogCE V?%]P gﬁwg%rag)lfto form
an aci dic f usntvengntben zBierpd|ty ngve al @6%x aivhd oof (Aljquid lAolefamgieoneatiqgui pped
with a stigrer,, N2 inlet and. a thernmocouple is charged. wth,59! arts of
a 100N m r?er afﬁri’)r?l? ogrﬁglgyr 6-‘%&1‘?&8&? 3 8P V‘Séﬁ“&ﬁ%'i? ﬁg%%cﬁé?dlﬁpéaear l\éh'léggoggen to
160C. To the hraiiedomfok thistepdhads ssofeth. parts of an et hyl ene-propyl ene- di ene
copol ymer havi ng about 51 nole % et hyl en [ Qu and . | e % et hyl i dene 15
nor bor nadi ene gr ou‘%??meﬁ’ﬂ(?ﬁfheﬁﬂ@ll_?ﬁ?ﬂ%ﬁf"ﬁgwQ@ﬁﬁ_@’o‘ﬁﬁéﬁ%%d’%@ym :)»00_

nol ecul ar  webGRsieid Bhiyiridd R BERELR s Hebted ELEUBRL! P S HoRY & foln BPEiGic Whi | e

mai ntai ning 160C. w t’h N2 bl owing. The contents are then maintained at
160C. wi t h N2fuprtinmialigedipelymer2 hours to give a pol ymer solution. Added to a
second regctor is 2800 parts of th LYREY1s0l ution. The contents are
heat ed tgl%lloc. and added is 11.2 %‘.g?.rag )r(r'gtﬁr%/ 20 gl oxyl at e net hyl

hem acetal , 1.96 paArtztoreghippet with @niticren d¥dinket dn@ adherpwcaiplesis| ¢harged

anti foam The ts_ ar d t v ( I nt ai ned
at this terrpgf&g{ggstgp 06 E% &nefﬁeo}éé%e'%fgidaagg&s%ﬁ ?% 2’35%%’ ﬁ‘?& at .
(1il )15 EnAlzl) [ ﬁbﬁggergﬁ) 16&&[.0136 yéhe:haatgila\ v@éidaﬁecesmﬂrlrpﬁwmaﬁ e@rﬂbh&p@gyleﬂwner |

:  Acidic xe er_Aci nt er pol yner e acidjc mxe
ester-acid of 5NCEAPSLIFT bGP ’F’ﬂlﬁgf’ E%V{‘/'EEE‘%“W@%% ‘ngtﬁéﬁ’i}’i’\&@?pol ynmer
has a .reducednsbaahdibde gtbROfohonefcafboR 0 clstn ddibRToh® pab1Bab ndolédularder i ved

fromat |east two npnoners. One nononer is a | ow nol ecul ar aliphatic
weight units. The addition is accomplished over 3 hours while maintaining 160°C.

with N, blowing. The contents are then maintained at 160°C. with N blowing for
12 hours to give a polymer solution. Added to a second reactor is 2800 parts of the
polymer solution. The contents are heated to 110°C. and added is 11.2 parts methyl
20  gloxylate methyl hemiacetal, 1.96 parts methanesulfonic acid and 2 drops of silicone
antifoam. The contents are heated to 145°C. over 0.75 hours and maintained at this
temperature for 6 hours, The contents are stripped at 145°C. at 12-15 millimeters of
mercury to give the ester functionalized polymer (Al).
(AZ) The Acidic Mixed Ester Acid Interpolymer

25 The acidic mixed ester-acid of a carboxy containing interpolymer, wherein
the interpblymer has a reduced spcciﬁc viscosity of from about 0.05 to about 2 is
derived from at least two monomers. One monomer is a low molecular aliphatic
olefin, styrene or substituted styrene wherein the substituent is a hydrocarbyl group
containing from 1 up to 18 carbon atoms. The other monbmer is an alpha, beta-

30 - unsaturated aliphatic acid, anhydride or ester thereof, said mixed acid ester

containing titratable acidity and being characterized by the presence within its
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ol efin, styrene or substituted styrene wherein the substituent is a

hydr ocar byl group containing froml up to 18 carbon atons. The ot her
nononer i s avoalpdsa, beta 30 unsaturated aliphatic acid, rpamipeviigke or ester
t hereof, said mxed acid ester containing titratable acidity and being
characterized by the presence within its 29 W 01/14433 PCT/11 SO0 29834
pol yneric structure of a pendant pol ar group which is derived fromthe

carboxy groups of said ester Iatlvel I, B ol cuI r ht
o b i o oo Srotpa i ESG o bibad A kS ptigh ot Ao i B Y 5
al i phat| c car bogo@gsmmagstérhe ester radical. 5 1In a pref erred enmbodi nent ,

there-is also present (b) a relatively |ow nolecul ar wei ght carboxylic
ester group, said carbof3li c2etatiusly bigbmelecalar Weehicaber dicesanerumstiBhat i
carbon atoms i Wi o U8 et BEoBPhiBs fithd Quebladidl: (D) 1S
(1-20): 1. A p&é&%ﬁ?ﬁ?%gﬁgﬁg&fé he acaiﬂ (t:zm%xe es%é‘r acfdais that with
respect to fhe 10 ésa@refetrhdten‘ibhbmesttécrenssﬂ@pmsxad ester, i.e., one in

whi ch there is the conbi ned Jg= noh.ecul ar _wei ght ester
group and a | ow nol ecul a?b%wel gf%?a% leor‘é)réj?ggulg "%Q{tt i”“’@ﬁ yhc es er w?%ég?atl 0 as
stated above. Ancichglic mgadsupaﬂavmlgemnm|thanthahpnaﬂecas<breatomaem thecarrai ns

titratable acidity, that Ci roups are not esterified,
that sone aci driaé‘gﬁr &'&B?‘“éﬁ‘émﬁ%%?gﬁf’gph@? r{?rzg} grence to the size of the
ester groups, it is pDpefthed cRientidi@le RidicOHixeH estéradidGiathat Hith eRpRS &MhEd by
the fornula -C(O (OR) and that the nunber of carbon atons in an ester

radi cal i s ¥PhusestehiabbpBiteidsla mbtediestes ie.¢ ong i whish thes Jérﬁheoavnlbﬁ@d PEsEsAaY |
group and the ¢ i Je) }5 teculaw { &, oup.
For conveni encg&bQ %}Fiaﬁ?%e\%a%roh%gt& n‘gﬁ)o £ w Deﬁu %gleéfg%el ght
ester group ( a)artw@latlmn ﬂmwamsmdabowelPg;rtmhees-’ese!magﬂlemmt(lbyhan the exterr essed

[ f I |
pref orabl y of (4 secbfiis FaGiescra by by nORCHERAR: ohlbe o nd oG Bbe (TC

vi scosity of frsnme@c:ﬁﬁngrmpsaﬁpadamt 2 are conterrpl ated for conponent (A2),
the preferred inter Yer s arg t.hos havi ng a reducetedsg dlfIC Vi scosHy

of fromO. égt o abou mie‘i’f’crttﬁ’st Flﬁ%P'g?i‘E&ét?r ups, 1t s poin at an este

radical is mpresented by the formula

-C(OXOR)
and that the number of carbon atoms in an ester radical is thus the combined total of
the carbon atom of the carbonyl group and the carbon atoms of the ester group, i.e.,
20 the (OR) group. .
For convenience, the relative proportions of the high molecular weight ester
group {(a) to the low molecular weight ester group (b) is expressed in terms of molar
ratios of (1-20): 1, preferably of (2-10): 1 and most preferably of (2.5-5): 1.
While interpolymers having a reduced specific viscosity of from 0.05 to
25 about 2 are contemplated for component (A2), the preferved interpolymers are those
having a reduced speciﬁc. viscosity of from 0.3 to about 1. In most instances,
interpolymers having a reduced specific viscosity of from about 0.5 to about 1 are
particularly useful.
From the standpoint of utility, as well as for commercial and economical
30 reasons, mixed ester acids in which the high molecular weight ester group has from

8 to 24 aliphatic carbon atoms and the low molecular weight ester group has from 3
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i nterpol yners having a reduced specific viscosity of fromabout 0.5 to

about | are articularly useful. Fromthe standpoint of utility, as well

as for conWQr"E’i“é"P3 and econonical 30 reasons, nixed est ACTAEPUYIHn which

t he hi gh nol ecul ar wei ght ester group has from 8 to 24 aliphatic carbon

atons and the | ow nol ecul ar wei ght ester group has from3 30 WO 01/14433

PCT/1JS00/ 21834 to 5 carbon atons are -preferred. Specific exanples of the

hi gh nol ecul a j g | ester

adical (i e o SEUpMm e BRIGRADSRRNC duafipies bt higm AEANE ohutlE 7y

tridecoxy, pessterdgeapxic. the (QR)gronp/of the estes cadjcal (iter, -E)EARK) incluwelt haptosoXy,

hept acosgxyl,o &55&& t&)y;égx hg&ite%@cotrl}hm& tetr %ont ox(gg etc. 5 %gecific

exanpl es of | oW NBrecular wer ght o yr oups yn(?fnﬁ PR hSACHIh PO

eo pont o%y . B Hexoy ey DRy Cyelonant oy 3 e T iy

neo- pent oxy, p- hexoxy, . cycl.ohexoxy,. , , . 2- -1 - Y,

2, 3- 8i net §I _gpeﬁ fco?v,g"f’lﬁ‘c".% loy mplgeylar, %’E’SQnE@‘éES BPRE% B ethery: fai t abl e

Si ze, COMPIi Spropby, Mopfopbys h-BuhaHy, 80tBucok P VisdBRIRG Uh-Bbntd), HBb-pErtb/, nOT OUPS.

10 The carboxy-contai ni ng i nt er pol yners 1 ncl ude principally interpolyners
g poly 2 3edimt .

of oc, n- unsBXGRRIVEHOBEPES cHHoRsRiey I d-mebykLibrons 23edimethyhhhyioxy, dts. grl

or opyl ene. ot iy o inshrlot, AL} BOubERERRRbE SR @riohl e iheBE R oL "1 N

i nt er pol y’rrer s%afrlaole@@%m'r@éﬁhlysmwwb-. They are obtained by polynerizing

equal nol.ar anount.s_ _of rene .and mal.ei c anhydri.de, wi.th or 15 t hout one
o(r:] more addi t i onalﬁferf é’r%}‘ %/“rtraé?lr‘%%‘mo}%%%%}’ E’.’ncll??l]}yiugﬁrPBI};'“?ﬁHme &e, an
al i phatic ol efiufsatiyted @cids 6flanhythedes RGciE hdHaRtCanhPirRiRYdr&BRonit 2aR)EHROE. | N
lieu of maleic anhydride, acrylic acid or net hacr?/l ic acid or ‘ester

€

thereof may b¥ithelelns (ammatic onaliphain) hdias ethylente peanylens, stremear isobwteneneed not
be descri bed T, At halbi@ afhydrfl B pdtfint DL RIBRALITPLLAA e AUBRRNES | S

contenplated, it should be present Tn"a 20 r y mnor proportion,
i .e., |ess thenhpelymetziog squpbimolaryaneuintsyof styreng huch maleicienhydrids; with er per
mol e of qist hegigdu¥ G /5 8 | | 't podls

I nt erpol 3Eeri z?tl?% s%‘r@renemgﬁgl %lgﬁ%gkﬁ%ﬁblggoggg%%gvﬁ ﬁeﬁ] (ﬁlsé?rg}et and
need not be &i diphstircelefimmady beiubed)euch. asfthylepeirpropyienef isobutans! Mafie@of t he

i nt er pol yner i |l e n rs_include the vinyl npnoners such as _
acrylonitril el,%glr%é:t ﬂ’;l}fcgt}r:grgy?% ¢ a °ﬁé‘i“ﬁ*§ﬂf’r¥§f R&EErS cﬁfeé,theé?ﬂ%W?ycg%\é‘Feé; . Vi nyl
met hyl et her, Suchrigterpelymers @& Reswn ¥ thelartCahlddebdiBot be described in detail here.

Where an interpolymerizable comonomer is contemplated, it should be present in a

20  relatively minor proportion, i.c., less than about 0.3 mole, usually less than about
0.15 mole, per mole of either styrene or maleic anhydride. Various methods of
interpolymerizing styrene and maleic anhydride are known in the art and need not be
discussed in detail here. For purpose of illustration, the interpolymerizable
comonomers include the vinyl monomers such as acrylonitrile, methylacrylate,

25  methylmethacrylate, acrylic acid, vinyl methyl ether, vinyl ethyl ether, vinyl chloride,
isobutene, and the like.

The ester-acid of the carboxy-containing interpolymer are most conveniently
prepared by first esterifying the carboxy-containing interpolymer with a relatively
high molecular weight alcohol and a relatively low molecular weight alcohol to

30  convert at Jeast about 50% and no more than about 98% of the carboxy radicals of

the interpolymer to ester radicals. More than one high molecular weight alcohol or
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i sobutene, and the like. The ester-acid of the carboxy-containing

i nterpol ynmer are nost conveniently prepared by first esterifying the

car boxy- conwaimimgsi nterpolymer with a relatively high sot/esmhasswei ght

al cohol and a relatively | ow nol ecul ar wei ght al cohol to 30 convert at

| east about 50% and' no nore than about 98% of the carboxy radicals of the
interpolynmer to ester radicals. Mrre than one high nol ecul ar wei ght al cohol
or 31 WD 01/14433 PCT/i 1St 10/ 21834 | ow nol ecul ar wei ght al cohol . may be
used in the probwssmolesyansighthaigohbbmaydd vsed mthegiredessalse aisol may k¢ wsadls such

as the so-calle Wi ch .c rise r .exanpl.e.. mxtures of
al cohol s havi ngg?l%%ﬁc%i %‘gorﬂgin%ﬁpﬂ%fg%har boensoa%ag?‘éax%ﬂc%’ggﬁllﬁm ?ﬁpﬁls‘hg%rf ul
class of al cohobsmple hirarssosirelectiol hatin®fRls 80fo AloRo2d| cafbont HES. SA
conprising octyl al | cohol , dodecyl  al cahol tetradecyl

al cohol , pent aB¥HGHAL EW‘E’Bbe‘FIaSy 5 8f ngsaé?%ﬁwme’&ﬁbalﬁ%ﬁoé‘d@@}ﬂo ol HgHEIS. Ot her

al cohol s usef ul cddfipristiiae oBRYI06RERo1 AlaBey | d1abHibI, a&ﬁ@cﬁyalédaeﬁetemeeﬁ aldBRIN
esterification, yield the ester groups exenplified above. The extent of

esterification, pensadetizlcahaboriqend wicobrll snd mwhﬂg@ﬁ r @tremtenpls wefubins t o
about 98% convepg f Net:1s I ester
radicals. In a pr(f?J ereérgeaéémg d%@WosE?ﬁxlié:%gJ} P %gte%t?&tlbxpéﬁw?’g)aéﬁg 1(r)“igil%“(r‘-‘)pasnges
from about 70%16@11?&15@;1@0&5% The esterifi catl on can be acconpl i shed sinply
by heating the carb i nterpal r and.the al coh or al cohol s
under conditi ons tygﬁ}cééixgef’g?faes%g%gﬁufogtﬁ ‘ﬁg’cégfBﬁgv’f’}’s&htr?%'nm“%’%?f“@bﬂ‘&i tions
usual Iy incloudes0%as aleous 0B%onerdi@PEha khtbex 0fadiadls be A tineReliined & ester
preferably from ghout 150C, to about 300C., provided that the tenperature
be bel ow t he de st § BRTeHER ARPeimenethe dagres ofesicrifieaipn rangayiremebodte moy al
of water of estweggtdfabddsdy. as the reaction proceeds. Such conditions may
optionally include the use of an excess of the al cohol reactant so as to
facilitate 20 est erifecestarifpation ran e agepmplishet \sémply dy bigating ribe sadbhxias
mneral oil, toldk \/ (A [ ation
cat al yst such as gldlﬂ?I’Lljgen é}éﬂ eornalmé thg Dhﬁsotﬁ'wl%?&r}l%]%l%gggg‘% %@8&%&?@ Sj;,h’g aci d,
phosphori c &ci deffegting dsterificdtion. $hxémn¢0mt| usiuglysnche, fov exaingpld, ansmpduureof are
\é\g![ ler r??\émat : gnt&eat a&t agolftgggct prelferably ¥rogaea I()trxtalt%bgc.qegtbo%%(%“cef ];o(?v(i: eldntgat

the temperature be below the decomposition point of the reaction mixture, and the

removal of water of esterification as the reaction proceeds. Such conditions may

optionally include the use of an excess of the alcohol reactant so as to facilitate

20 esterificatioﬁ, the use of a solvent or diluent such as mineral oil, toluene, benzene,

xylene, or the like and an esterification catalyst such as toluene .sulfonic acid,

sulfuric acid, hydrochloric acid, phosphoric acid, or the like. These conditions and
variations thereof are well known in the art. |

A particulatly desirable method of effecting esterification involves first

25  reacting the carboxy-containing interpolymer with the relatively high molecular

weight alcohol and then reacting the partially esterified interpolymer with the

relatively low molecular weight alcohol. A variation of this technique involves

initiating the esterification with the relatively high molecular weight alcohol and

before such esterification is complete, the relatively low molecular weight alcohol is

30  introduced into the reaction mass so as to achieve a mixed esterification. In either

event, it has been discovered that a two-step esterification process whereby the
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25 reacting the carboxy-containing interpolymer with the relatively high
nol ecul ar vveight al cohol and then reacting the partially esterified

i nterpol yn®P W44 the relatively |ow nol ecul ar wei ght PAITEEABI1834A
variation of this technique involves initiating the esterification with
the relatively high nol ecul ar weight al cohol and before such
esterification is conplete, the relatively | ow nol ecul ar wei ght al cohol is

30 introduced,, . \CL . SO i eve..a.m xed
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esterificati offPFRY|ssosity BEPRSBISEL s whi ch have unusually 5 benefici al
viscosity properti®gg. foldfink UxhaWled Irets i€ ' I V10 e
preparation of (A2) ofo_ t hlélE xr e}sﬂgnt eiel)rfllggegr%%li%Rfﬂ%n#ljgé%%c{nﬁgr%elgegfit_h%i cat ed,
al | parts andcPtpeprcEVeriipas Bnlespgthemwisegintdicated,aath parts AR) pdrcértagés are by
styrene- mal ei‘geigmnydri de interpolyner is obtained by preparing a solution
of styrene (16.3 parts by weight) and nal ei ¢ anhydride (12.9 parts) in a
benzene- toluene solution (270 par tBxampki(4Ry-1rati o of benzene:tol uene being
66. 5: 33. and coptacting,the solution at 86C. i.n nitrogen atnpsphere for
8 hours \?\Abt h a cat’sg%t sePe'"%%ﬁ“‘[mng‘%“%rl@ﬁ?P@H‘ebV Pptained By FEparne A 1SeMULR) |

peroxi de (0. 4F spaere) (163 parts ibyi weight)l shdlialbie naRywRIdE Q1 218 HRrtd)i i% aWeRzdng. 7

parts). The resul ti Tﬁ pr@%jct is a thick slurry of the interpolyner in the
sol vent mi xt UPEeIer{plton @Y, passs: (wraght ratio of jeragengitolueng) being 6¢.3:33.5) prg t <)

whi | e the solgsefattidp thb Y618tibrS attste0 JiniiSddeh laBibspiidre ?&E‘s E{}@ at
150C./ 200 nmm . To 209 par_?s of tnhe sgter iappggﬁ_rl;?ﬁ&err% ol r@%tégr oEymar
slurry (the SoHEHeR p&iPpred byrdissolvinga’0% benzeyl peperidef (042, past) g iat ymiddr M 72)
there ar gsaddrg, 0 1al SRR kL5 7 pit | ; GOhGh; RRLs) . 2
conmmer ci al al_co7F10I consi st ngég g% t?)éT féglﬂg#é é%ﬂd%rlggg*ugéglgﬁ Qrcinla i ng from
12 to. 18 car Hawrpabymes i 86, selventr mixjurendo she Sumyrthersi ialaddddonivetal ods41st i ng of

primary al co DAy f 8 10_qgarhbon s %l rts nd to the
resul ting ni Ll%}?)e théeﬁge iséﬂggdd%’jd&g%% gbﬁ"nigucrhlstgﬁegc?ré 2?5?0@51?? )then- at
150°C./200 mm. Hg. To 209 parts of the stripped mineral oil-interpolymer shurry

(the interpolymer having a reduced specific viscosity of 0.72) there are added
20 toluene (25.2 parts), n-butyl alcohol (4.8 parts), a commercial alcohol consisting
essentially of primary alcohols having from 12 to.18 carbon atoms (56.6 parts) and a
commercial alcohol consisting of primary alcohols having from 8 to 10 carbon atoms
(10 parts) and to the resulting mixture there is added 96% sulfuric acid (2.3 parts).
The mixture is then heated at 150°-160°C. for 20 hours whereupon water is distilled
25  off. An additional amount of sulfuric acid (0.18 part) together with an additional
amount of n-butyl alcohol (3 parts) is added and the esterification is continued until
95% of the carboxy radicals of the polymer has been esterified.
Example (A2)-2
The procedure of Example (A2)-1 is followed except that the esterification is
30  carried out in two steps, the first step being the esterification of the styrene-maleic

interpolymer with the commercial alcohols having from 8 to 18 carbon atoms and
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The m xture is then heated at 150-160C. for 20 hours whereupon water is
distilled 25 off. An additional anount of sulfuric acid (0.18 part)

t oget her wi WRB0iM4addi ti onal anount of n-butyl al cohol (BCTM0/2)834s added
and the esterification is continued until 95% of the carboxy radicals of

t he polyner has been esterified. Exanple (A2)-2 The procedure of Exanple
(A2)-1 is followed except that the esterification is 30 carried out in two

teps, the first step being the esterificati f the st - mal el
nter pol yrrer Wit AP SEBriTRIRC G U SHER AR, oh ' TR M E¥Bhn at ons

and 33 This Shegbl. Has Been Replaced I11111IT [TQU TELL I 1111 WO 01114
i 33 PCT/ EUSO0/ 21834 the second step being the further esterification of
the interpolymer with n-butyl al co%&“ﬂ&%e (A2) -3 The procedure of

Exanple (A2)-1 is fﬂlsip@ﬁ@&r@% @by 1 Reoksearexbdpt it MO ediificanidnds i €d out
by first esterifying the styrene-gal elc interpolymer with the comerci al
al cohol ha¥i neeafriedmu8by &irst 8sterifyibp theatyoers-maldi¢ inteZpslywér withethe sodoueseial r adi cal s

of the interpgl r._have been.gonverted to. er. Ladi,cal.s_an eupon
cont i nui ng thea?c%'gfhearv fnigifgogf‘ |§g?112\%\/?at'd?f’ﬂaatrtﬁ/mSyue%-1 2‘?1%%055 %t b@é%&%ﬁqﬁ%ﬂ%cohol S
and n-butyl alieeholymenthate b&nO%boatertel ao estelhmdithls randithaatipon fcotitimingnther pol ymer

have been converted to ester 10 radicals. -4 | e An j nt erpol yner
(0. 86 car boxylesﬁﬁﬁf’%f‘é?ﬁ anyyelsynyeagtad C%m’a%ﬂ @F%"i‘n%f’@é)ak(‘%?‘e‘ﬂﬁfed from
an equal ol argsm %F ke cB/bort YARRR Mdle Qﬁk@ﬁgﬁxeﬁmgyéjbée@ecoiﬂg’geha&ﬂé%&ra
reduced specific viscosity of 0.69) is mxed with mneral oil to forma

slurry, affl 152¢ip8h esterified with a commercial al cohol mixture (0.77

nol e; conprising primary al cohols bayihgcdgm 8 to 18 carbon atons) at
150- 160C, in the presence of a caté?&hrﬂ‘(‘—%ﬁy ¢ ammount of sulfuric acid until

about 70% of the cabisseytolyrai(@86 earboxyl equivaicat) bEetytcoe et mrleicadhyialds. The
Aol 1Y, S5t b A M ok B SRR S A A 7,
reduced specific viscosity of 0.69) is mixed with mineral oil to form a slurry, and
15  then esterified with a commercial alcohol mixture (0.77 mole; comprising primary
alcohols having from 8 to 18 carbon atoms) at 150°-160°C, in the presence of a
catalytic amount of sulfuric acid until about 70% of the carboxyl radicals are
converted to ester radicals. The partially esterified interpolymer is then further
esterified with a n-butyl alcohol (0.31 mole) until 95% of the carboxyl radicals of the
20 interpolymer are converted to the mixed ester radicals.
Example (A2)-3
A styrene-maleic anhydride interpolymer is prepared having a reduced
specific viscosity of 0.13. The interpolymer is present in toluene at 22.7 percent
solution. To a 1 liter flask is charged 228 parts of the interpolymer and 54 parts of a
25 Ciz18 alcohol in 80 parts toluene. The contents are heated to 100°C. and a solution
of 29 parts Cg 1o alcohol and 2.7 parts methane sulfonic acid is added over 10
minutes. The contents are refluxed at 120°C. for 12 hours and then stripped of
volatiles at 145°C. to give an acidic mixed ester acid interpolymer that is 90%

esterified.
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2? interpo:yner aLedcogverted to the mxed ester radicals. Exanple (A2)-5 A

styrene-nmal ei ¢ anhydride interpolyner is prepared havin d

speci fic WOEHMHY of 0.13. The interpol yﬁerpi s present gFﬁ“’%@%ﬂ%ﬁe at 22.7

percent solution. To a 1 liter flask is charged 228 parts of the

i nterpol yner and 54 parts of a 25 C1216 al cohol in 80 parts tol uene. The

contents are heated to 100C. and a solution of 29 parts C8.10 al cohol and

2.7 parts m&%@@_hi%ggb%gic acid is added over 10 mnutes. The contents are

refluxed at . hours and then stripped of volatiles at 145C. to

gll yi4zg3agict1j_} EJm’ )il‘/eab lestbres @c iedvisipnedr gsaiayingrutdinain this Bgestionst e fissed. 34 WO
S00L 21834  (A3) T ct .t e.enyl si.oned as
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product dof a smsdnﬂwaarbng@t d':cm]}pbmid)aouadouree theredfy ayd a sarbatyl ter@uing atheony |

conpound, or a source thereof, a car bonyl conpou other. 5 than a

car boxy- ;ébst?‘%‘h?éarbEH‘BB’ﬁWteécfﬂ‘g’Bﬁﬁcﬁon’@Pu‘%@Yé’Bﬁr%B‘“F&g?rg%t?. {'Hefi@\m?n econd

| actone is thg.pRALL trieNreRdtichhsr %”MYH{FWOMU&HQ)GWW dRngathdie sane

car boxy-substituted carbonyl conpound. The second |actone does nat enpl oy

f or hmalj dehyde casboxyselstivtedc earbanyy compepsgundhe perong j lactpneo flogs Rt ERRIGYt ant s i s

a ydr oxyar o t to%ﬁ%ﬁnf ¢t f | ediqad €

hydr ocar byl - @gﬁ%lg%xg{?%?gsgco hceal'bg’?%n%t I"C gfo%g?ggﬁgeﬁﬁﬁd?%ﬁgﬁ%t iC

conpound can Ipelrexysiomglie corapavrre.t dtdeastisdreris! Heoimitaof avhinbnate dydiegebdus, a

pyr|d|nelguclggstu@dthiophene nucl eus, a 1, 2,3, 4-tetrahydronapht hal ene

nucl eus, “etc.’ 84 ) ‘pol ynucl ear aromatic noiety. Such polynucl ear noieties

can be of the fuserhet stp@atid lgriupi of, theredmixparpmatics cohpamdneni be a5sivgie| ei

maki ng up the aronatic group share two points,. suc? as found in

napht hal ene, 28RAMHCIH ?ucgﬁ%a DerEReIE kS, & Ry ding pycleus, 4 ‘bﬂ‘?ﬁ@‘f“@é‘i’w]ﬁ‘%mt ic

noi eties al so, Q%,b-?eu‘ﬂfx){dréﬂl hthhlBree Hudlenl S etéh) & & Eolghudlﬁﬁfa}orham fietye|
(either nmono or polynuclear) are linked throu ri dging. linkages to each

other. Such bSucigiolgudleaskupissies earbetobthe fesed PP tBFhis. (HRETcy) RAS oL B91AE i ng of

car bon-t gscar pou; ﬁaﬂﬁgﬁF RRNASHARIMARRhAE ANEbifits/Nueh & fourdintafehalbidikages,

keto |inkages, sulfid I nkages, polysulfide |inkages of 2 to 6 sulfur
anthracene, the azanaphthalenes, etc. Polynuclear aromatic moieties also can be of

the linked type wherein at least two nuclei (either mono or polynuclear) are linked
through bridging linkages to each other. Such bridging linkages can be chosen from
the group consisting of carbon-to-carbon single bonds between aromatic nuclei,
20  ether linkages, keto linkages, sulfide linkages, polysulfide linkages of 2 to 6 sulfur
' atoms, sulfinyl linkages, sulfonyl linkages, methylene linkages, alkylene linkages,
di-(lower alkyl) methylene ]i;lkages, lower alkylene ether linkages, alkylene keto
linkages, lower alkylene sulfur linkages, lower alkylene polysulfide linkages of 2 to
6 carbon atoms, amino linkages, polyamino linkages and mixtures of such divalent
25  bridging linkages. In certain instances, more than one bridging linkage can be
present in the aromatic group between aromatic nuclei. For example, a fluorene
nucleus has two benzene nuclei linked by both a methylene linkage and a covalent
bond. Such a nucleus may be considered to have 3 nuclei but only two of them are
aromatic. Normally, the aromatic group will contain dnly carbon atoms in the
30 - aromatic nuclei per se, although other non-aromatic substitution, such as in

particular short chain alkyl substitution can also be present. Thus methyl, ethyl,
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atonms, sulfinyl |inkages, sulfonyl .linkages, nethylene |Iinkages, alkylene
| i nkages, di-(lower alkyl) nethylene |Iinkages, |ower alkylene ether

| i nkages, awéyi/emss keto |inkages, |ower al kyl ene sul furrdriusRazyes, | ower

al kyl ene polysul fide |linkages of 2 to 6 carbon atons, am no |inkages,

pol yam-no |inkages and m xtures of such divalent 25 bridging |inkages. In
certain instances, nore than one bridging Iinkage can be present in the
aromati c group bet ween arﬁnatlc nucl ei . Fqor exanp a fluorene nucleus

has two benzen®oPicandit-briyhgaepspler Bﬁ?ﬁceacaehemsaﬁém@wa@éﬂ%aupé 6¥al ent

bond. Such a n&s&@lgﬁcmgfxuﬁe@n@%s&c%ﬁmﬁxepﬂaamd%a Aehubls sByYbripfddint wo of
themare aromatitc the aronmdti¢c group will contain only carbon

atonms in the 30 - Mﬂ reacmc being pévdrgy areihatisconowidnean besefcardivns i c
substitution, [fie » Vi can

al so be pr esen%gﬁ‘i?ﬁﬁ:wkr}% Q% ﬁéx]%i B %W%ﬁ)’?%% h@#%§%5@4 _
propyl, and t- &npemngmmuxpa:pném thanﬂﬁsamnﬁ neefdazmtbmmmemmamrgrbmmanhenati C
groups, even tho h such not .be, expli ci.tl represe din
structures setP¥B ?\b?fgf"éq ﬁ Ef?sgenfzg’?ﬁ 2y B fhg B‘%Jf [1e@) A10MEHE BB S%Wehr omat i ¢
conpound, can fae tétﬁf RI foC6k titieAoodainReBhder WBRA € eIl depeRligR An"the S used
herein, however, it is to be understood, 5 depending on the context, that

this term needamisEt farsranplpsubsisraknhencs bxﬁbomnapmalmr?@ﬁ thedikge ARese.
al though benzege i erdul&f f‘ a{oie&n%orﬁ@r{o &cé&myg ﬁ%ﬁé&?r substlpfiés, termis

to be understood|n|t§boae sense to I nc Ing on t
context, fi8r esudrepi Bcludaidsberitynes efarphativgdroups hselelbxy napht hal enes, and t he

| i ke. Thus, the ar ti n I" e Q

o iy Lhe RS UPgl RS B0 UE SRR B,
groups as wel | noriseily audnzeneaseivss,as lowst kel bﬁt@ﬂlﬁeyzenaanﬂwmce, etc.,
the aromatic rmgl ly a.b nz ne nucl eus, .,a | ower kyl ene bri dged
benzene nucl e?l’?’pgtg?]e’é? n“ﬁ@bﬁﬁ#%@’%&ﬁs&@mﬁ%&%?S&*&Péwyuﬂ?%e aromatic
group i s a benzene ThicCfi@Uactdid i a hiydiskyefR@it ABkpduid thByH! 9%¥Bp&IALA C
conmpound, that is, a conmpound in 15 mhlch at Ieast one hydroxy ghoup IS

direct|y 4Bt aceish eblea ane didiory. grqupgs dirpily atachsério ¢n asgmRtisxyngr dlips per
aromatic grou Mg,@%] gg;;pF RN roups
that the hydr (%(‘:u\gﬁr%{/? u S}’I tu %%Iagf%%g{:?ﬁ g?ﬁety crgﬁyﬂplggoo%%o itgehn\?vhl |l e

still retaini repmber [ofasich ganeups athet theehwlredatbyl-substitatad taromatic posity icems,  at

| east -some of ybicho Aty RieNiR@hhie AL adelrb iRy aP1c W RSK o, OUP.

at least some of which are preferably adjacent (ortho) to a hydroxy group, which are
20 suitable for further; reaction by condensation with aldeh&des (described in detail
below). Thus, most of the molecules of the reactant will have at least two
unsubstituted positions.  Suitable materials can include, then, hydrocarbyl-
substituted catechols, resorcinols, hydroquinones, and even pyrogaliols and
phloroglucinels. Most commonly each aromatic nucleus, however, will bear one
25  hydroxyl group and, in the preferred case when a hydrocarbyl-substituted phenol is
employed, the material will contain one benzene nucleus and one hydroxyl group.
Of course, a small fraction of the aromatic reactant molecules may contain zero
hydroxyl substituents. For instance, a minor amount of non-hydroxy materials may
be present as an impurity. However, this does not defeat the spirit of the invention,
30 so long as the starting material is functional and contains, typically, at least one

hydroxyl group per molecule.
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20 suitable for further reaction by condensation with al dehydes (descri bed
in detail below). Thus, nost of the nolecules of the r i 11 have at
| east two WORYIMSt it uted positions. Suitable nmaterials i’gﬁhﬁﬁ@l’wé t hen,
hydr ocar byl - substituted catechols, resorcinols, hydroqui nones, and even
pyrogallols and phloroglucinols. Mst comonly each aromatic nucleus,
however, w Il bear one 25 hydroxyl group and, in the preferred case when a
hydrocar byl -subst EH& ﬁgh%gﬂ)ﬁlau ?eactﬁﬁmg gml%ly bhRadiBEd h?-!haﬁ"dt hdastCRpeai N one
benzene nucl eus an course, a small fraction of
the aromatic roeal&t auits asfowmchllaashyMQCamm@smumér oTymcgatblVomﬂ @uailspf thgent s.

For instance, nt .of non. hydr ox B Wi nt as an
i npurity. Homé’?ﬂ% up %@WLP‘%Q&“E SPAR" Torvlc%eathé d ’md \?Iengrlgtg)rﬁ 30 so
:Ongt as thehstéalﬁxbﬂlltygtm& rddatt m51|eéumct1fcnn§%hyv\ocﬁm01ammm/ ggngg_}mmpaoomhhqséllat "
east one _hydroxyl group er nol e¢ e
hydr oxyar ofrat ib& E@a'é‘!ga'l‘ft] C%F‘FHSF"&?%{{Y @h%‘?%(‘:‘?’ésr?rﬁi‘déﬁoﬁylf ﬁ%é )élg aﬁﬁ'gt some
of the units Qi QYRIERE atiPYhick 180hked by £6ridglngldr6d todanothi®BiSingor al |

of the nol ecuPes are lﬁ“érocarb substituted,” so as to, provide the

desi red hydr ocaitbeiil hwl atbleajtt 9net bydrére] ﬁﬂb@d@!‘t and & Jpast ong thydppgarbyl

hydr oxyar omat i o pund conprises 5 bridged ring units, then substantially
all such units are ydroxyl - and hydrocar byl - substitut ed that is, each
ring uni t whi ch i s Preferkidg, thy hadﬂocarblglgnglpgxsmalkyi goup. hérrypncalbg theyplkyl wi | |

gﬁ\égt ?E ue ‘?St Iﬂrcr)‘g’f%e;”é@%/%rn&f%e 'PSE 2‘?0&)1:%# i o) Oupélig?%ﬁ} lgkyq %Hré’a?@ornw'

Typi cal |y, theslgdriayively Jeapngﬁsam,pthwl alltyl gwﬁpalcan Rate a4ﬂﬁ1bealabﬂﬁgeaimhssular
preferably 12 to 100 carbhons te y expressed, the al kyl groups
can have a nuritfégh ‘8@%@0%&’?5‘?51‘%‘5&6@ é -~ of 150 to 2000, preferably 200
to 1200. In one pr ¢ gid fefeREPEHbITE LN, aﬂeakmshy&a %}M@f&@%hﬁﬂvc@fﬁﬂp is

o

derived from polybutene. |In another pre erred enb ment, the hydrocar byl

group is deri \Relybiteaen In EBothenpysiemsAubediment, the bydsocarby! sspuprie fsTived 8RB0 di nent
the hydrogar b%’#gl@#ﬁﬁ{ehiuﬁp% flrihePpreREEP ¥hboEmbf! fhe Wliroc BﬁYsﬁﬁsnﬁfbﬁi Rer |

enbodi nment, enol conponent is a mxture of al phenol s,
wherei n sone rmbmmbwmnt ain al kyl substituents of 4 to 8 carbon atons,

In yet another embodiment, the alkylphenol component is a mixture of alkyl

phenols, wherein some molecules contain alkyl substituents of 4 to 8 carbon atoms,
such as a tertiary-alkyl (e.g., t-butyl) group, and some molecules contain alkyl
20  substituents of 8 to 400 carbon atoms.
More than one such hydrocarbyl group can be present, but usually no more
than 2 or 3 are present for each aromatic nucleus in the aromatic group.
The attachment of a hydrocarbyl group to the aromatic moiety of the first
reactant of (A3) can be accomplished by a number of techniques well known to
25  those skilled in the art. One particularly suitable technique is the Friedel-Crafts
reaction, wherein an olefin (e.g., a polymer containing an olefinic bond), or
halogenated or hydrohalogenated analog thereof, is reacted with a phenol in the -
presence of a Lewis acid catalyst. Methods and conditions for carrying out such
reactions are well known to those skilled in the art.
30 Specific illustrative examples of hydrocarbyl-substituted hydroxyaromatic
compounds  include  hydrocarbon  substituted-phenol, naphthol,  2,2’-
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such as a tertiary-alkyl (e.g., t-butyl) group, and sone nol ecul es contain
al kyl 20 substituents of 8 to 400 carbon atons. Mrre than one such

hydr ocar bylwgpowupsscan be present, but usually no nore tREIAISPNPRI43 are
present for each aromatic nucleus in the aromatic group. The attachnent of
a hydrocarbyl group to the aromatic noiety of the first reactant of (A3)
can be acconplished by a nunber of techniques well known to 25 those
skilled in the_art. particul arly suitable technique is the

Fri edel - Craft @h@ﬁ@‘ﬁ’@@h‘?m&her‘b‘? Aihygorbiphpnyl, e. Frhydraxysathisaene. condtZelilni ng an
ol efinic bond) 0 h at g I

reacted with aanp %ﬁn#ﬁé}nq{%ﬂ%ﬁgiﬁgeﬁngg&@ a{eﬁgﬁ\%aztsﬁg%l ggt gw(g t%g{%let hods
and condi t i onsphewel, oayl phengl, oeresolsu phopylesa dttiaoes-sebsetuted| phekelopmopylene hose

skilled in the,art ic.il t,ratiyv

hydr ocar byl - su%sgf’ I Fﬁ@%ﬁﬁ%b@-wﬁu& hfmlb%ﬁ’f% lfﬂgng %DOP{JJC?QO%VBF%%? bon
substi t ut ed- phghesdl, sxﬂﬁﬁdﬂteh%aphﬁioﬁ corragpomg)lqs 1l 3BoRCaepOfié? blawls,
dlhydroxyblphen 4, 4- dlhédroxybl henyl dr oxyant hracene, 1,2, 10-

ant hracenetri o‘}'le WS- QssBRREh nopis-(hh xdrwlypylgjﬁérmppang, t 2t V¥ dﬁ%‘iéﬁ’?&’l’

2, 6-di -t - but ylgupRia@aObis-pAGioK! wm%,hy%@ésﬂnssuwﬁ%w HADE at least 8 carbon
tetrarrer substituted henol axg | ené onmer (MW 300-800) - substituted
o0Ey

phenol , pol yblﬁt@ﬁ?eaf@N@ ta80c m&ufbl‘s@iatﬂ@ eecty, | dled upsiybiutenyled

napht hoI s corr t I

met hyl ene- bi s- e(? eno’ﬁaéﬂ'%ld 8?%?%%¥%p%g§@%é Ef g%r%gggér)\eaﬁwe gkﬁy}g?tg%ar bon
substi tut éd blcbnmwnmfsany\/némeahnvbhﬁj:mdummbompcmmbstetct uents have at | east
8 carbon atons an 400 arbon at dodecyl ,

ol eyl, pol ybutenyl, né gir%qacugﬁl iGRPEE* Q@;}sh}eﬁe%“)ﬁ ﬁ‘?ffé‘at %In‘é?é‘a W& of any
of the above, c:al;dﬁmmyIsabsadxedleydiexmmiawe:smpémﬁnwmfeab}h@f&h@vaamﬁbﬁxy
aromatic corrpour% etc. The f| rst lactone of conponent, %\3) is the
reaction produét OBY! EQRRPONRGy o-ThE eTRFFHAY SHbaY] COPRHNy d RO X5 ORI ¢

COWPOUHd W t h igaeds %deby&s Gh@ 38 RResOf %&%&%onﬁ%%éﬂﬁ@ coﬂﬁtﬁ‘x BRI £5si on
"car bonyl conpound,” as used herein, includes aldehydes and ketones. The
first carBdnylcaenpsibsétuiecdngroinank compaunds Fhishmwriprigluban ibeuted eypidsbny|

conpound. Thi ypi cal enbodi ment, expressed by the
formul a 8250 %“mﬁ&ﬂ{eﬁ@kxﬁ@s@e&ﬁé Brefuth

R¥0 tl:l}
}
sttg

where each of R¥ and R® is independently hydrogen or an aliphatic group
containing from 1 to 7 carbon atoms, R? is an alkylene group contﬁning from1to 4

20 carbon atoms and g is 0 or 1. This first carbonyl component is disclosed above as an
ester in the preparation of the ester functionalized polymer (Al). When R” is
hydrogen, one R” is methyl and the other R? is hydrogen, _st is methyl-and q is
zero, the structure generated is glyoxylic acid methylester methythemiacetal
(GMHA). '

25 When R? is an alkyl group (i.e., the compound is an ester-aldehyde) it is
preferably a lower alkyl group, most preferably, ethyl or methyl. When R% is H, as
is preferred, the aldehyde moiety of the above material fnay be hydrated, the hydrate
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191 RPC ------ (R'), --- COR28 R250 where each of R29 and R28 is

I ndependent|ly hydrogen or an aliphatic group containi ng froml to 7 carbon
atoms, R2WQ8VHM3al kyl ene group containing froml to 4 SHURW2HEH at ons and
qis 0 or 1. This first carbonyl conponent is disclosed above as an ester
in the preparation of the ester functionalized polymer (A). Wen e is
hygr_oggan, one R25 is nethyl and the other R25 is hydrogen, R28 is nethyl

and q is zerg,.. N i 0 ' i ihybigst er

met hyl hem aces%gfntgqﬁséﬁﬁ\c/ﬁ? f%%EISS Sﬁgﬁif%%dlﬁgwgﬁ g?(ﬂké;%ng]?b%% ihj_ag%l,@%t he
conpound i s aeaddykeailable dethpemiallytas the hydretethayiapthg formudaver al kyl group, nost
preferably, ethyl or methyl. V\heng_ligﬁcgs_(lr:b 2 Is preferred, the al dehyde
noi ety of the above material may be tiydra eg, "the hydrate 38 WD 01/14433
PCT/ U|SOOI 2|183ﬂat|c§61r W%Oﬁ a$ @uﬂl(}g aay watee gemrdiek by sebonddnsdtiod redctiemysde. For
exanpl e, yoxylic acid iis readily avail abl.e coomercially as the hydrate
havi ng thg chF?FEqaﬁly(‘F@‘?éﬂg’éﬂﬁfc°‘§§1°\e#?hechacﬂ9’ar ation as V\gH as anyywater
generated by the gpndapsat imaRufi®ae! CMEASs D pRicaser RbklyokRitoxed iflw i ng the
course of the reaction. In terns of manufacture, GVHA is a precursor to

gl yoxyl i ¢ acicgmimercial presassse aiakg glyprodie seid ppshopmdeld™oxyl i ¢ aci d as shown

bel ow H HB @R HBCO OH 1, GHBCH 3o~ H 2 C coocHs ~ H
~COO0H3  H slwggﬁd,gﬁgggxyl i c_aci Egngoy?ﬁ%i naf t er

referred to as alfo- I ic re . -H
{2, 0 ag \nt 2 C g,H@—I/C\
H  COOCH, H  COOCH,
H | COOCH; GMHA
l H,0
GMHA and glyoxylic acid are

herein aftcr referred to as a O\\ ,/O
glyoxylic reactant. : 2 C—C

/S

OH
Glyoxylic Acid

10 Examples of materials which can suitably serve as the carboxy-substituted
carbonyl compound include glyoxylic acid and other w-oxoalkanoic acids, keto
alkanoic acids such as pyruvic acid, levulinic acid, ketovaleric acids, and ketobutyric
acids. Other carboxy substituents include esters such as ethyl-acetoacetate, amides,
acyl halides, and salts.

15 The second class of carbonyl compound reactants in the present invention is
the class of carbonyl compounds other than carboxy-substituted carbonyl
compounds. Suitable compounds have the general formula RC(O)R’, where R and
R’ are each independently hydrogen or a hydrocarbyl group, as described above,
although R can include other functional groups (other than carboxy groups) which

20 do nbt interfere with the condensation reaction (described below) of the compound
with the hydroxyaromatic compound. This compound preferably contains 1 to 12

carbon atoms. Suitable aldehydes include formaldehyde, acetaldehyde,
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G yoxylic Acid 10 Exanples of materials which can suitably serve as the

car boxy-substituted carbonyl conpound include glyoxylic acid and ot her

cu- oxoal kanwbet/aeids, keto al kanoic acids such as pyruviKg/Esdass4 evul i nic
acid, ketovaleric acids, and ketobutyric acids. O her carboxy substituents
i nclude esters such as ethyl -acetoacetate, am des, acyl halides, and
salts. 15 The second class of carbonyl conpound reactants in the present

i ti i th f l, d her. t

Car boxy- Subst PTAERRBIIE R (oRRHaRI A Ce R IR Enc

general for mulean BiHdAyke, béﬁ@ﬁ:ﬁe@%@ ahd hlﬁxeradl&hﬁtﬁﬁh bafde Renued | ¥chysgr ogen or
ou

a hydrocarbyl group, "as descri ed aboveé al t R can incl ude ot her

functional gr ¢ialdehydss helthoughamonasidshydgs gfeozﬂ@gy!imxeﬁweéﬁlaﬁ)mﬁaﬁpmﬁwﬁ fere
with the cond 0 ( I ) 0 th the
hydr oxyar omat %’({:%g%dﬁpgufngﬂﬁ%h?@e \gﬁagﬁ%@%gr g@é]%\gb sgfac%oﬂglgghggﬁ@gmi%m car bon
atons. Suif ablcemaiodbrhgsdesn ttrecpalytesricoforra) ekeparafermakivbydzl dBarpidenaldS9danD

01/ 14333 PCT/ 1 JS00 218 onal de but yr al ehyde butyr al dehyde,
val er al dehyde ®%s g%fF?igﬁf/%éve e%’é‘f?lli%gloﬁ o510 cf%q‘fk}&‘% é 8 hi gher

al dehydes. O hedctied &;ﬁm&ﬁﬁ thA)Gihel G hﬁl‘a@ésdﬁhyﬂﬁannﬂfstdimhydwn(S&itﬂﬁehydes are
generally preferred. The nost preferred aldehyde is formal dehyde, which

can be suppl i &8RS Hcludy areton, buarpns, angpiher @‘%Wﬁ’f“’wrﬁ%@@}ﬁ cﬁ“"t‘ﬁé?hepol ymeric
form as parafy m&waﬁs iPAALD" MRk ey Afe sg&yesbﬁ e shdesLtuBodpact i ve
equi val ent of, “or sour ce for, “an al dehyde. h reactive equival ents
may i ncl ude hy:dma@@si cen b@g«nplpwdtfqrmtagcmd@taewm fogualdediyies giveatlones

i ncl ude aceto ket ones where preferably one of the
hydr ocar byl g?‘guﬁg Qg&?ﬁ?%ﬁ%ﬁ%%han one speci es of each cl ass of

car bonyl 10 corrpoufh‘ﬁe fiznlabeneohCaymaentf(A8) isrgstauilyes pagdertt o dlﬂgoﬂna:ﬁh ng

| actone of CorHanen s Prastl R fearing” Be iR AbFiecagre sorBBER, B peci es
whi ch is prepabeidndiye rdéﬁdiﬁbﬁ%g the mb&e@@daﬁaﬁe BatifRile O BRD Bt Addhpaer '

condensi n condl tions. The hydroxyaromati ¢ conponent and the al dehyde 15
conponent & (t GGBPPISES (@Bﬁhﬁbﬁéﬁéﬂewlyr"%@@é@imﬁf FRbioa fo PaYie & cordepsaii de a

condensate Ofor 3RREAKIRR 8111 Fohatle: 6B bomtABRY HthobOMBARAHE Brond! t hOUgh

devi ations from
this ratio may be employed if desired. Typically, the ratio of the hydroxyaromatic

compbund:carboxy—subsﬁtuted aldehyde:other aldehyde is 2:(0.1 to 1.5):(1.9 t0 0.5).

Preferably the ratio is 2:(0.8 to 1.13:(1.2 to 0.9). The amounts of the materials fed to

20  the reaction mixture will normally approximate these ratios, although corrections

may need to be made to compensate for greater or lesser reactivity of one component

or another, in order to arrive at a reaction product with the desired ratio of
monomers. Such corrections will be apparent to the person skilled in the art.

The conditions under which the condensation reaction of the components is

25  conducted are well-known condensing conditions. For example, the required

amounts of reactants can be combined in a suitable reactor, optionally with an acidic

catalyst and an inest s;lvent, and heated with removal of water of condensation. The

reaction temperature can be from room temperature up to 250°C., depending on the

solvents and reactivity of the starting materials and the temperature employed;

30  typically temperatures of 100° to 200°C. are employed (to permit facile removal of

water by distillation) or, preferably, 120° - 180°C. The reaction will be continued
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this ratio may be enployed if desired. Typically, the ratio of the

hydr oxyaromati ¢ conpound: car boxy-substitut ed al dehyde: ot her al dehyde is
2:(0.1 to WOBY144B 9 to 0.5). Preferably the ratio is 2FE&U8™WA%E 7). (1.2
to 0.9). The amounts of the materials fed to 20 the reaction mxture wl|
normal |y approxi mate these ratios, although corrections may need to be
made to conpensate for greater or |lesser reactivity of one conponent or
anot her, in ord o.arriv - r t] t. W h [ atio of
monoer 5. Sucin B Sty bRl BBl s Wohihels Bpletly £G4 % | 0
art. The condininoes toup4 hoursyhmare colnnonlynziens aibusn Thearehdtion ppddutheanclenponent s
is 25 conducted are well-kngwn condensi ng conditions. For exanple, the
required ampdffiAeLPY PBXIMAI D2, he conbined in a suitable reactor,
optionally with anypogisgédulardacthadl the iniBA RAnéd frotiudt Yod@iHs hyarslydreaied with
removal of water of condensation. The reaction tenperature can be from
room tenpe? at UREomsTs; #igsucio, margsesRy eryed dfrom ghe eqpdensation afyer@Ehoryvity of
the starting i e 30, t v .

torper at ur oo P SOA S8R SRPoaRIRRHEHRF IRy Btis fam bk BEne

wat er by di st iskrheiuieo Pprtigularly wbérethg lshpoxylgroup is 18 the forfinef the acidi this initikl  be
continued 40 01/ 144 P 0/ 21834 til the e cted quant ity of
wat er of co ndeéré\,éé%qal% S rlllﬁ1 iggn?éfag%teé g , vctné([}ji ¢ 3?’?"‘3/"9# or" %&eﬂlﬁ%gfl%go tﬂge ‘gﬂseﬁ’our S,

nor e conmonl y l&tdme, & ringurrscturéh §he eadtingprofucodilttypically daenpriss ad ledsesbnizy
conventi OE | nmeans., It is, spﬁ%at ed that the initially formed- product
cont ai ns @drd&@%ﬁ”&?ﬁgﬁtf’lemg% GHES's adj acent to nonomers derived fromthe
condensation of the carboxy- substituted carbonyl conpound, wherein the
carboxy group is in an gpen or non-ring structure. Particularly when the
carboxy group ijs in thformof the a¢id, thig initialg material wll
general ly be canvegeed gy, PH the cl psed,

| act one, or rin The resul §ing pro bi cal |y cpnpri se
at |l east sone 4 AN R NG t he sty 3 H2 or
19 R19 19 19 15 : r posés? ok | | gt

hydr ocar byl - suQ "U & ¢ aromat ifc

15  where, for purposes of illustration, the hydrocarbyl-substituted hydroxyaromatic
moiety is derived from hydrocarbyl-substituted phenol, the carboxyl-substituted
aldehyde moiety is derived from glyoxylic acid, and the other aldehyde moiety is
derived from formaldehyde. In the above structures, R' is a hydrocarbyl group
containing from 8 to 400 carbon atoms. In a preferred embodiment, at least some

20  molecules of the composition will contain one or both of the structures illustrated
above. In the above structures, the —CH,— group shown on the right will normally
be linked to another phenol moiety, which may be further similarly substituted with
a bridging group or it may be linked to a phenol moiety which does not have further
bridging functionality, thus terminating the molecule. The unattached bond shown

25  on the left of the above structures may be linked to another bridging group;
alternatively, it may represent the termination of the molecule by attachment to a

hydrogen atom, hydrocarbyl group, or other non-bridging group. The above
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noiety is derived from hydrocarbyl -substituted phenol, the

car boxyl -substituted al dehyde noiety is derived fromglyoxylic acid, and
the other avdehids noiety is derived from forml dehyde.ramispdizessibove
structures, R19 is a hydrocarbyl group containing from8 to 400 carbon
atons. In a preferred enbodi nent, at |east sonme 20 nol ecul es of the
conposition will contain one or both of the structures illustrated above.
In the above structures, the -CH2- group shown, on the right will normally
be |inked to afUEHES aghesidntepdsdde ugarsti that Walhe DEAENE 1HAIPS SrenFacessanly

substi tut ed i idbiof i) B @Y SHD s il ARG o AAKRD ekl BHRAGL i ety

whi ch does not™ have further Igi ng functi-onality, us*termnatrng the
nol ecul e. The emzkdtme veodibonsditshalam p@&ibinthbthemeedft the imdldveles loay eongdin uct ur es

may be |inked tq another bridgin r Qup; | t ativel i y.represent
the terninati ow(aﬁof"y?’ﬁtgy nmde@i?g%s %@g‘éﬁt&t ﬁ@ﬂn@ﬁ?ﬁ‘ﬁeg’yéﬁ) ‘Hy?vi’%gc&ﬁgg%g?ﬁeg

hydr ocar byb grwidin telch@ihh @he BRFerled kA@HATs gk spntidyelehan sy olkbm¥Oni] / 14433
PCT/1JSCQ 21834 structures are not intended to sugaglest that all the

bri dgi ng gr oupbStEPRrhEpETsghat flusEaed shoxnelY ofubsiantally Hemeingg énmetoms of

the hydroxy ormhagt QRIS AREREN iR GarbBilI Al BBieSRNhbhaNG thit 1S
al so possi ble that sone of the nol ecules can contain hydroxynethyl end

gL oups (ﬁeri vWW%@W‘F&dM?ﬂW@)WW tygo.e T bediféarent itypes ge sarbonyl-désivad t he )
ot fuct ur e o1 PSSRl fa pfufnaBRh e B 4 ook GBI llppl BT

al ternatind" isthaemed, by phaiolit henghes)oticpandind oretheit lréledveatetivitithand the
car bonyl -derived .nmoi et.ies, whether of the carboxy-substituted or
unsubst i t ut ed TP CPREGEf f er ent types of carbonyl-derived noieties nmay

appear in a regul arhy lelhess it dhiig of nohdinéls pRAGREWER AHRAE &n csedpdicabed, in 10
ei ther case, by phenolic npnoners), depending on _their _relative .
reactivities aTBUERRS as/the riatyR R0 Of thedpenomeReerRipvseh e TRiRbEIER Shan of

mononer s produggeh Yarl dn HRRPAGe WondHERof SRRILEODouIE m&iﬁﬂﬁix@i@a&ﬁﬁﬁé el ative

rati os of the nononers enployed. The m ninmumchain length for an
appropri atlé coméertberiagimusr cehirciengtbus uotiwell defised and wowld ya rdgieamined % uni t s;

consi der at  onebasfitgh g bR solfBhty A’ OHARE. Wbl s e O
chain of the mpeddueill vantdin 8onRAibpdSxaconfic luyil, pxafanisipdt o dOuch agits,
preferably 4 ta%d}n%rggr&%ragi}isttg’s Su&nudnitsrr.nr e preferably 5t 0 8 such units.
The second lactone is the reaction product of the hydroxyaromatic compound
20  and the carboxy-substituted carbonyl compound, as already disclosed above in the
first lactone.
This second type of coupled lactone structure is normally generated by the
condensation of 2 moles of the aromatic compound and 1 mole of the glyoxylic

reactant. Using hydrocarbyl phenol and GMHA as illustrative examples of reactants,

25 the reaction can be represented by the following equation.
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The second lactone is the reaction product of the hydroxyaromatic conpound
20 and the carboxy-substituted carbonyl conpound, as al r%ap% %lﬁ%gl osed
above in tW@014443%¢ | actone. This second type of coupl et structure
is normal ly generated by the condensation of 2 noles of the aromatic
compound and 1 nole of the glyoxylic reactant. Using hydrocarbyl phenol
and GVHA as illustrative exanples of reactants, 25 the reaction can be
represented by the follow ng equation. 42 WO 01/14433 PCT/§S0OQ 21834 0 H O
HOH0 111 Wcatalyst. 20 +H COCH3 - / I1OCH3 - pR19 R19 R19
wherein R19 is a hygy ocarbyl group as defined above.f Howevgr, cpnpositions
ovier coulfed cogpposition)

, esp®BiQ@Ily in a process emsl oyipg 3
in wg_gc'@%ic r.%gi‘f’ﬁfnt tf@ :
e\ |gs
E

may also 5 be g
m xture nore en /

the aromatic co gl |an gyoxyI|c3rea_E]%5ﬁ, i
rati o of the aroraiie” conpo@i;and t he yooXxyl i c
exanpl e of an q®rcoupl ed | act one conposition corR@ining mnuRtdple |actone
functionalities may be represented by the formrulae O HOO0O OO0 0 10 or O
0000 HO

wherein R'® is a hydrocarbyl group as defined above. However, compositions
containing more than one lactone structure (i.e., overcouled composition) may also
5  be present, especially in a process employing a reaction mixture more enriched in the
glyoxylic reactant than a 2:1 molar ratio of the aromatic compound and glycxylic
reactant, i.e. less than a 2:1 molar ratio of the aromatic compound and the glyoxylic
reactant. An illustrative example of an overcoupled lactone composition containing

multiple lactone functionalities may be represented by the formulae

SAAAAAS

or

PEPD

/.

RI® RY RY
wherein R is a hydrocarbyl group and where GMHA is used illustratively as the

glyoxylic reactant.

15 The following Example illustrates preparation of the condensation product of

Component (A3):
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R 19 R19 R 19 R 19 wherein Ris a hydrocarbyl group and where GVHA is used
illustratively as the glyoxylic reactant. 15 The foll ow ng Exanpl e
illustrates woepasati on of the condensation product of Ganpsmenss(A3): 43
WO 01/ 14433 PCF/ 11S00/ 21834 EXAMPLE (A3)-1 Into a 12 L flask is charged
4400g (4.0 nol es) polyisobutenyl (M =950) substituted phenol that -has been
heated to 60C., 592 g (4.0 noles) 50% aqueous glyoxylic acid, 132.0 g (4.0
nol es) paraf or mal dehyde, and 9:0 g net hanesul fonic 5 acid (70% aqueous),
along with 1400 g stock diluent oil| EXANPLE @ASkli s equi pped vvith a

condenser . The ni't Euants Fiitf o ey, @00k PR R aiiybSRanl WERstl 0 5
heat ed wi th st isnbstifged p‘hendthBﬁ.ha@%ﬁﬂh Iatpéto 6@PCOf59Q2. @(m;ms) 51}%1 atphﬁtis heat ed
to 150C. over 2. hours I d, at for. 4 hou ile coll |ng

wat er. The contg&'r?f‘é& Ca3ee: Slﬁgﬁ %f‘*r‘?ﬁ‘ﬁéﬁ) ?aé?f‘“?nai‘@hwgu?%‘f gﬁh %B’EW‘?SFI ®rs of
nercury at 450GcidA709% akheddt), 448 GitVRI08 Ty stoek idicht S8 OThe sk ﬁ@ébzbﬁéﬂﬂﬁkh amount,
1903 g oil, is added and the contents are cooled to 140 C. and then

filtered throudtugsyrace sirogsninlet fisrmavedl and RsanrStarc féwdmﬁ?ﬁeqonwﬁez GPC
M =3864, M,, ]T:l-xé?lﬁr éér?ﬂé\@& OTf&bmékerq}é% bﬁﬁer]‘al %ﬁﬁ%&&t&cﬁ@z%ﬁﬂng i i s

i nvention a netal rbased conposition I's utli e neta
over based conpdgi)‘lq overaqretiad nE0.5 aiwt,iave then beated NSO wakd 2 YoursTérel Held m

"reactive basi e ti onal i esent
(attached to tﬁglg ove?f lg"{s]g& sx' 4 ilfélﬁ :}1&8& ?h&% gﬁgﬁéﬁp\,\??‘ﬁ t hat
the reacti W& basiws a2® xfummttm@najneﬁcmydt IBOPtDt Aabtabsf Mﬂtg&/altdil& shegnddasinng
reacti on. An exa | e, of an @égrb se tion that contai ns, reactive

d
basi ¢ functi ondf{HSPal ampynt 1504 sisr?&d%!f W%igl e PRARENGTS £o0ke4 1 148i°H- pndcoon +
Ca(OH) 2 + CO2 el ﬂmﬂﬁﬂé&h 1B hnalyses: saponification number 27.2, GPC

=3864, M=11135.

15 {B) The Metal Overbased Composition

Within this invention a metal overbased composition is utilized ﬁnd the metal
overbased composition contains reactive basic functionality. The term “reactive
basic functionality” means that this functionality was present (attached to the
overbased substrate) before overbasing and further that the reactive basic

20 functionality did not enter into the overbasing reaction. An example of an overbased
composition that contains reactive basic functionality is the overbasing of 12-
hydroxystearic acid

NN NCO0H + Ca(OH)p + CO, )

OH
/\/\/\r\/\/\/\/\/ CO0Ca 1/2

OH  (CaCOy),
The 12-hydroxystearic acid is overbased using calcium hydroxide and carbon
25  dioxide. A calcium salt of 12-hydroxystearic acid is formed along with calcium
carbonate. The hydroxyl group is still present within the calcium salt. This
hydroxyl group has reactive basic functionality.



The 12-hydroxystearic acid is overbased using cal ci um hydroxi de and carbon
25 dioxide., A calciumsalt of 12-hydroxystearic acid is fornmed along with
cal cium cuPBYH4e. The hydroxyl group is still present PGFURIR ke cal cium
salt. This hydroxyl group has reactive basic functionality. 44 WO 01/ 14433
PCT/1JS0OQ 21834 Three different netal overbased conpositions are

envi sioned as having reactive basic functionality within the present

i nvention. They arsg: ] | overbased ami ne wherein the reactive
basi ¢ functionali t?hrlcés %;f}er%rt %ﬁ%&yogﬁrgég%gﬂﬁg?%goé‘ﬁi "ﬁ%;"’“ﬁls'(oﬁi‘xI a8 haying)
over based hydreaxtvedais fnttidnaityoeitiiothg [preserd riventidhe Mk yarehe reactive basic

functionality is a droxy .groyp; .and (B3) a netal overbased di spersant
wherein the reactigﬁ bai’srfl%alchﬁ e&r?é‘f‘l“?vggr?@ the 15aGtiye bysic, fungierghiyds ¢ ani ne
group. The fopli@udyddsdcondnfhingigstssi on of each of (Bl), (B2) and (B3). 10 The
met al overbased am ne, conponent (B 1) is represented by the structure,

R R2 (Bl) AMB), wheB2) n apmetaheverbased Bydseshsubptituted sabaxylic avjdimbemesin the a
hydrocar byl gfQube b3dL f8z I C yl group, hydroxy-substituted
hydr ocar byl group, %@;@%@%%ﬁ@ é&b%&fbw group, or am no groups,
wherei n the hydr o@a) byl mejalmyprbasadt dispassarftvdmereln the r&f@tieabdsanfuadtivpality pr ovi ded
that R and : hydrogen, B is the reactive basic

R% aép%rrﬁ&for@ééo_nﬁﬁ%}' gwﬂr?é sgr(gﬂ).

functionality conpri’sin netal, Ais carbonate, sulfite,
sul fate, thiosul f dfhe folidwiagpisiatdiscossighui s pdhadf €8 BN@B2Y ahb(BF). | Nt eger of from

1.1 to 4Q., The net.al overbased . am.ne (B 1), wherein the reactive basic
functi ongloi ty is aﬁleﬂf’?tﬁé’t”?%ﬁﬁcd%ﬂ’ﬁfmaé’@f’“)ﬁ% (Rd) 1sireprpsenisd b8 dhesrueyEss basi ng
an amne. Ani RE @IgMAlE wRDeiADROAFHINRS A4 LallP | iNdpLRR Ay BB 2Sacan be

al i phatic, cycloaliphatic, aromatic, or heterocyclic, includirng
al i phat i c- subBYdreeathdll 94 oaminersubstituted) hydrnsarbyl sareun; i hydrexy-substimied i c,

o e v Pebhgr el anasy it IO REL 1R o WAL Lyt ©
het erocycl i c, the Aydraearh)t stoup sontains &dmed toietaiton atommsyptavided thes R and RY -
Cyel oo L BRSPS AP SRR LS o
unsat ur at ed. Mhtal, &nis pgboraten sulfitspsulfate; thiasulfade) phosphite or phosphate and x is an
integer of from 1.1 to 40.
The metal overbased amine (B1), wherein the reactive basic functionality is a
primary or secondary amine, is prepared by overbasing an amine. Amines include
20  monoamines and polyamines. The amines can be aliphatic, cycloaliphatic, aromatic,
or heterocyclic, including aliphatic-substituted cycloaliphatic, aliphatic-substituted
aromatic, aliphatic-substituted heterocyclic, cycloaliphatic-substituted alipliatic,
cycloaliphatic-substituted ~ aromatic,  cycloaliphatic-substituted  heterocyclic,
aromatic-substituted -aliphatic, aromatic-substituted cycloaliphatic, aromatic-
25  substituted heterocyclic-substituted alicyclic, and heterocyclic-substituted a.romz;tic
amines, and can be saturated or unsaturated. The amines can also contain non-
hydrocarbon substituents or groups as long as these groups do not impart acidity to
the molecule, as described above. Such non-hydrocarbon substituents or groups
include lower alkoxy, lower alkyl mercapto, or interrupting groups such as —O—
30 and -S— (e.g., as in such groups as —-CH,CH,—X—CH,CH; where X is —O-— or

—S—). For example, a useful amine is (N-Cy¢.15 alkyl propylene-diamine, available
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hydr ocar bon substituents or groups as |long as these groups do not inpart
acidity to the nolecule, as described above. Such non-hydrocarbon

subst i t uentwoeridgisoups i nclude | ower al koxy, |ower al kKACTHSAEAPHO, or
interrupting groups such as -0 30 and -S- (e.g., as in such groups as
-CH2CH2 X-CH2CH2 where X is -0- or --S-). For exanple, a useful amne is
(N-C16_1g al kyl propyl ene-di am ne, available 45 WD 01/14433

PCT/ 1 JS00/ 21834 commercially as_DuonmeenTMO I n general, the_:ﬁ%m' ne may be
char act er i zed W{TeFAlly28 HHOPEeTR Ro BN 2GER 't 21Bime meay- b ghargertit Phar e each
i ndependent | y fyeiDRBIRO WwheBYd'A6 ANAOR! s R Ae SARThdchbtdRRkMEQERLPON,
hydr oxy- substituted hydrocarbon, al koxy-substituted hydr ocar bon, or am no
groups, provi dedrocarhen, RamiaadutRitutede hydrocari®nh diyrony-dubstiied Tydroeaase shoul d
contain at le 1 ' i ! 1%181?5 Preferably,
t he hydrocar b;a?ﬁ oﬁ%ﬁbgﬁ@e@ﬁﬁ@@%%%%gﬁ Lnovﬁ? @ﬁ’g’cpgkﬁ‘?‘g‘{aﬁt%§ }tzo a%r nO’rgmr e

pref erabl y512 Hoth B@rogar.bon at ons. Accordi ngly, suitable groups include

o S e R P Yl P
dodecyl, and sidthd. FrefliagihQhe ﬁ}ldﬁdéhrbﬁggr@&ﬁ)ﬁ tBis Gempchent M1l cdftein@Qo 584nd 26, oOr

nore carbon atons. Both straight chaln and branched groups can be used.

Most such ani rfeae Rrederedyrh iocdOagaripnatamms. afcerdinglys suiahlgespups inqluge iyl

trimethyl enediﬁgq?g J i r@m Tr m
and Duonmeen C.° T eglg'llhidflleugjr’g%g%??:%{%gg}é%%?tgwrﬁ%hgégﬁlt ot ﬁ%%S Encti onal
groups if 1desi(rstidingrdbsthydestyD).hoomsls elecylt wralecyd, udndedyl reotl i somiddr Iyglwapdkybo not
provi de any significa cj di r C a L0

conpound, as %‘:Sugéﬁ' 'sg%i lgg%gb’%%gﬁrnégrc%f)ugﬁg%%@ aﬁ%étcﬁaéﬁ g‘ﬁ%l

di -al i phatic dwhshed givwed camrbsiesed. \Miest @udh dodigesadd diahércially avytiaglan Foe
saturated or unsaturated. and straight or br hed chain. Thus, they are
primry or _sec%??ﬁ&le aﬁﬁﬁ_ﬂ)ﬁ%‘w@y}ﬁ’?cﬂ_ _1335"@%{13‘?7%&@3%!% |1 JEMES anpl e,
nono- and di - ablarless #1086 hid DhRfked WT™MNEhe aBHH gdRFCan BB GubkinAdK RN lother

substituted am nes, and am nes having one or nore N-al kenyl substituent and
N al kyl 3$¥bstipeciienal grogpeifidesied cayigede Soweves (o syabriBemtiond Lreups (dgdet

n- but yl anm ne,, dia. Bk i - A S } apni ne,

ot ear vl arni ne s Sy SR Biun ) 180 Fosd L B0 SonfRTAN

N- met hyl - ol eyldassissed abdwelecyl am ne, and

Monamines include mono-aliphatic and di-aliphatic substituted amines

wherein the aliphatic gmu§ can be saturated or unsaturated and straight or branched

20 chain. Thus, they are priméry or secondary aliphatic amines. Such amines include,
for example, mono- and ﬁ~ﬂkyl-subsﬁtuted amines, and mono- and di-alkenyl-
substituted amines, and amines having one or more N-alkenyl substituent and N-

alkyl substituent. Specific examples of such monoamines include n-butylamine, di-
n-butylamine, allylamine, isobutylamine, cocoamine, stearylamine, laurylamine,

25 methyllaurylamine, oleylamine, N-methyl-octylamine, dodecylamine, and
octadet-:yiamine. Examples of cycloaliphatic-substituted aliphatic amines, aromatic-
substituted aliphatic amines, and heterocyclic-substituted aliphatic amines, include
2-(cyclohexyl)ethylamine, benzylamine, phenethylamine, and 3-(furyl-propyl Jamine.
Cycloaliphatic monoamines are those monoamines wherein there.is one

30 cycloaliphatic substituent attached directly to the amino nitrogen through a carbon

atom in the cyclic ring structure. Examples of cycloaliphatic monoamines include
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oct adecyl am ne. Exanpl es of cycloaliphatic-substituted aliphatic am nes,
aromati c- substituted aliphatic am nes, and heterocycli % ?ﬂ@?ﬁl %Ht ed

al i phati c WROHM33 i nclude 2- (cycl ohexyl ) et hyl ani ne, beRZyUAMNE:

phenet hyl am ne, and 3-(furyl-propyl)am ne. Cycloaliphati.c nonoam nes are
t hose nmonoam nes wherein there . is one 30 cycloaliphatic substituent
attached directly to the am no nitrogen through a carbon atomin the

cyclic ring s .. Exanpl alip i jnes hpghiide 46 WO
01714435 per et sl "0 copRhubahal | PebERaRRa"e NERH

cycl ohexenyl asyclohexyldshias,hdicyclehesylanings;| andi the, lidie.cy c Endmplied afii aliphaticand t he

| i ke. Exanples,of aliphatic- substituted,, aromat.ic-S tituted. .and

het er ocycl i c- SREEREyt %‘8“’89%’?"@’5‘?%%’& ?@ h%ﬂgﬂch%'gu‘?sﬁ@?e&deCyC%ghpha{}c

propyl - subst i fnehReinésy Clnelvay Y lppdplyi-sudstitutel € RytloBdxyRibidel} ephenyl-substituted

cycl opentyl am nes, and_pyranyl -substi tuted c%%lyohexyl am ne. Aromatic am nes

i ncl ude t Hosecysioneninpmings\md PErmy - uksHiRd FYeleRsRYBMitee  aromatic ring

structure is attachghadt ra.ﬁ'ﬁrteg Yndiie (thiie HBrBRmiEd WRABRH a LBorPhBRP the i NY
wi Il usually be a nononuclear aromatic rin ., one derived from

(i.e., fr
benzene) but aamati¢ ring mtumis@ua@%ﬁimcﬂwqangm}n egena Thy aromgtie riggr i ved

from napht hal gne. | C o LE | | tuted
ani 11 oo, di - RauASHRY SRncPir RrBeE CERBALER st el sl

al i phat i c- subsitiutie/fused aymtio ahgsp spbdiglysthbetdetivedeffom anaphthalene. Examples

het erocyc)| i c-substituted aromatic. nonoam nes.are [ a- et ilipe, para-
dodecyl gn‘ioni I ?¢:€°m89% PIOReYInes gl ds f‘ﬂ’fﬁtg‘}e BHEIS cﬁ%?ﬂg?etgﬁﬁﬁ%%ﬁmne P

t hi enyl - subst jfdihgphthyRiihé. N ExarhpleAEP Ry phdiie-sabstinadl, eytlbiliphgersubsitmednds ar e
t he pol yam nes. The polyanmine nmay be' aliphatic, cycloaliphatic,
heterocyclic #d BetERoRxGlie-sulisiituiad) womac mopoamipes, Ak I??é%e‘?o‘}‘fﬁ‘iy PR ene

pol yam nes, Nggekyhfinfthea dMbreRgl-RBAHAEY NRPhth IMAEHRX Yand CHTnSL Wb uted

pol yam nes, aryl polyam nes; and” heterocyclic pol yam nes. al kyl at ed
al kyl ene pol yenlinees are represented by the formula 20 HN- (Al kylene-N),, R3

and the PAl Kyl encim ol BYSLERR AEME SERSlyd: alinpdfimits, The pOVmIEL | Bon
atons. Each RBwajy sbe abphatice pyhatéiphatip, hetarooypdin, oropromatial | EPramples f the
hydr oxy- subst ip(t:ll)'llg.t%gesailnicllagg%ﬁ()(/:ler%rp%‘ll)}%m?r];es,%—alkylated alkylene polyamines, hydroxy
containing polyamines, arylpolyamines, and heterocyclic polyamines.
N-alkylated alkylene polyamines are represented by the formula
20 HN-(Alkylene-N),R?
| |
R? R?
wherein n has an average value from 1, or 2 to 10, or to 7, or to 5, and the
“Alkylene” group has from 1, or 2 to 10, or to 6, or to 4 carbon atoms. Each R? is
25  independently hydrogen, or an aliphatic or hydroxy-substituted aliphatic group of up
to 30 carbon atoms with the proviso that at least one R? is an aliphatic group of up to
30 carbon
atoms. Additionally, within the repeating unit —(Alkylene-N),,
I
30 R’
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to 30 carbon atonms with the proviso that at | east one R3 is an aliphatic
group of up to 30 carbon atons. Additionally, within the repeating unit

- (Al kyl ene-Wp,04/744380 R3 47 WEB 01/ 14433 PCT/ 1 USO0/ 2183. dcr/udeemisps i S 2 Or
nore, the R3 is independently hydrogen, or .an aliphatic or hydroxy-
substituted aliphatic group of up to 30 carbon atonms. Such N-al kyl at ed

al kyl enepol yanl i nes can be prepared from pol yam nes such as

et hyl enepol yam nes, butyl enepol yam nes, propyl enepol yani nes, pentyl enepol y-
5 am nes, etC.WhFﬁé‘1F|izg%lié?orﬁdﬁ%ﬁotj@@ﬁﬁpdﬁ’@iydiyéwgﬁétoéla?)éyféﬂa%0%1 %R~ such as
pi perazi nes ang,Mnakd éi@ﬂhﬁ)’%é@@?ﬁwéﬂé’aﬁoﬁia&ﬁ{sﬁﬂ nes are al so included.
Specific exanples of suc ol'yant nes are et hyl enedi am ne,

di et hyl enet ri ar ni nSu¢tDERRylated: alkyienbydlyamitnes carabe prepafepPETAy) polyamines such

tris-(2-am noethyl)an ne, .oropylenediamne,  tri hyl.enedi am g
tripropyl enet eatgr%}ﬁﬁ)l ené‘,"’%%’?"?%é@ ﬁv{%ge é’%?'éﬁlfnﬁgﬁ pﬁ%?ylcr%%&%%l}gg%t %f/rﬁ ﬁ’énﬁ??‘é’ﬁ{t am ne,
pent aet hyl gne-daguamene, FieChighirghmiolbpnaldo glatabthaleresciipy ammadanci ag two or
nore of the abqQve-noted | kyl m.nes are simlar]y usefuyl as.are

mi xtures of tPGATTHARd Marpgalkys sea’&’écwmegcﬂr@# uded. Specific

Et hyl enepol yargpgsies 98 Gcippolyhames RNEhRARARRY etdidetintidd mEOh 15
pol yam nes are described in detail under the heading Ethylene Amnes in

Kirk O hmer' griethriengiatepingi a @ETSheniwds(2-aeinontyegine, 2popdencdigminevol . 7,
pages 22- 37, : | £hgg. Publi sk New, yark (19 (o] /0 m nes are
nost conveni ent%] tflﬁg’%}?éeparg% by tﬁ‘gﬁ’ éeéi.\klgon gé et hyﬁg%agthil}éc%feogl}nye’wm
amoni a oidlby herzedtylenshepfamare, paidethyenehéxainive, st6.t h a ri ng openi ng reagent
such as water, a i,a. .etc. These 20 reactions result in the prgoduction of
a conpl ex m xture ghﬁ%P?/%%ﬁ%ﬁ gbﬁaélﬁ%qzba nﬁ%ns?mgiq‘ﬁvgloﬁd?%rﬁ 0(%:95 %@v%g%ﬁ%nsati on
products such alig/ldnbeantiheyr edesimile dsdfblpay a®i MeSures B hywoeaie pokey afh the

m xtures are u efégf._oﬁher useful types of polyam nes m xtures are .those
resul ting froff¥E4FPieABCYIN e above- described pol yarnine mixtures to

| eave as residue Weyldnspddfaufiibs! QUL théR mRAMoHRH BBV Okd QBEFuL. Iucigeneral
al kyl enepol yam ne bottons can be characterized as having | ess than two,

usual |y | é8s toelyimings (aky desstibpdt in detailepndsr thsobgading Hibylene Amines in Kirk
Othmer’s “Encyclopedia of Chemical Technology”, 2d Edition, Vol. 7, pages 22-37,

Interscience Publishers, New York (1965). Such polyamines are most conveniently

prepared by the reaction of ethylene dichloride with ammonia or by reaction of an

ethylene imine with a ring opening reagent such as water, ammonia, etc. These

20 reactions result in the production of a complex mixture of polyalkylenepolyamines

including cyclic condensation products such as the aforedescribed piperazines.
Ethylenepolyamine mixtures are useful. -

Other useful types of polyamines mixtures are those resulting from stripping

of the above-described polyamine mixtures to leave as residue what is often termed

25  “polyamine bottoms”. In general, alkylenepolyamine bottoms can be characterized

as having less than two, usually less than 1% (by weight) material boiling below

about 200°C. A typical sample of such ethylene polyamine bottoms obtained from

the Dow Chemical Company of Freeport, Tex. designated “E-100" has a specific

gravity at 15.6°C. of 1.0168, a percent nitrogen by weight of 33.15 and a viscosity at

30 40°C. of 121 centistokes. Gas chromatography analysis of such a sample contains

about 0.93% “Light Ends” (most probably DETA), 0.72% TETA, 21.74%

48



about 200C. A typical sanple of such ethylene polyam ne bottons obtai ned
from the Dow Chem cal Conpany of Freeport, Tex. designated "E-100" has a
specific &W'#MPat 15.6C. of 1.0168, a percent nitrogeffSHeisht of
33.15 and a viscosity at 30 40C. of 121 centistokes. Gas chronat ography
anal ysis of such a sanple contains about 0.93% "Light Ends" (nost probably
DETA), 0.72% TETA, 21.74% 48 WD 01/ 14433 PCT/11S00/ 21834 tetraethyl ene

pent am ne ande&fbﬂ@le%:l@@rﬁ&xﬁﬁ&'&h{dW@Mé&ﬂéﬁl&ﬁﬂex@nﬂ{&%dﬁm@ﬁeﬂ‘@?%ﬁhﬂ. These
al kyl enepol yam ne bottons include cyclic condensation products such as

pi perazi ne anbhest gheleneneliapipe bettomsemplpte eyelici eandersation gradpeth el &% ne and
the like. Usef. h ; TR VLTIV EE e above-
5 descri bed %Pclg/rgz:inhﬁaagxtg hgg%n%{ag% %ﬂ%&hﬁl% acyﬁtgtl nél%gﬁ?%%s%g%maﬁsﬁl ong
chain nono carboxyl i c Usefull substrates foe rthis \ilmeentom maf ébe chadenfroma rthyt labove-
typically_fromahoyt 12 carbon tons. .U . about 30, carbon .at ons.

MM ¢ onal v Sesbe g ARt Sageringayh Boisfog fakiin b 1S ¢AH B08R1 o of
anhydri de or @sboxili@sydsak efiérs aGieRin th\tidd Rnfithes typiallyoedh ydut 39eabes ¢ aci d
or anhydride, two chain lengths are envisjoned for the 10 h¥drocar byl

groups, one i¥o®S ¢R4P RPPW P FrRop Aorgsy, fdditignally, the asylating agax Ui Rend" ot her
is a chain | epgitdtadl] SiRic’ AciliOo3fhyRREO MR &teP Rylatify 2Perf®S PEFERA | e
preferred enbodi nenf, the nmetal overbased amine is Tepresented by the

structure R Rpd@cpbyiayuecinipsacigh ey anhydye, jtwo chpin Iegethssarp eayisigaed fr theH?) 3NH2,
o A . ret q
b ef or abi'y 1 PSR s, ST CHafiichbBr tihe 22,85 ey SOERCRTHOTT 1

al i phati c gr oatherdoatleimlengh bf foom 70 td 3D0zdarboh atobB. car bon at ons and preferably
from1l2 to 26 carbpn_atons, .Mis.a nmetal .. A s, carbonat ulfite

Sul fate, thiosulf apust sesiy bRl Eulineat h REA 8Bt s %0 (1 om
1.1 to 40. Thepredntdd byvierdpaces anm ne is prepared froman am ne of the
structure R RRB' wherein R, R2 and,B, gre as defined above. These
especially preferred am nes for thid%_Ee%Mnt _for overbasi _ng i ncl ude

al i phat i gsnongR¢iAes’ iALNPhRI & Hydddenesr armL)MNHPIFL isCad raliphdtidegroupased
upon the paraneters of the am ne substituents, three different types of

ami nes can becopbinienEpmtiddoehe Dirsthgn arams gadiriclempply drom A to 26 GO f f er ent
am nes coul d REm@ePRNI@EL,); wherein R is an aliphatic group containing from 10 to about

50 carbon atoms and preferably from 12 to 26 carbon atoms, M is a metal, A is

carbonate, sulfite, sulfate, thiosulfate, phosphite or phosphate and x has a value of
20 from 1.1 to 40. The metal overbased amine is prepared from an amine of the
structure R'R?B! wherein R!, R? and B! are as defined above.

These especially preferred amines for this embodiment for overbasing
include aliphatic monoamines, aliphatic diamines and aliphatic triamines. Based
upon the parameters of the amine substituents, three different types of amines can be

25 generated even though it would appear that four different amines could be generated.

When R? is hydrogen and R' is an aliphatié group, the amine structure is

Ci0-s0 aliphatic -NH;
which defines fatty primary amines. A non-exhaustive, but exemplary list of fatty
amines are decylamine, undecylamine, dodecylamine, tridecylamine, tetradecyl-
30 amine, pentadecylamine, hexadecylamine, heptadecylamine, octadecylamine,

oleylamine, etc.
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When R2 is hydrogen and R is an aliphatic group, the am ne structure is
Cio-so aliphatic -NH2 which defines fatty primary am nes. A non-exhaustive,
but exenpl amp dthsss of fatty am nes are decyl am ne, undeB§I/HIAER34

dodecyl am ne, tridecylam ne, tetradecyl- 30 am ne, pentadecyl am ne,
hexadecyl am ne, hept adecyl am ne, octadecyl am ne, oleylamne, etc. 49 WO
41114433 PCT/ USOQO 21834 For the second amne, when R2 is (CH2)3 NH2 and R

is an aliphatic gr t he,am ne struct I S, Clo- 0o.al i phatic NH(CH2) 3
NFD- Thi S Str uot or S0F e PSS AR Hhr e Ly bR AR Rn i 5 AP RO abl ¢
from AKZO as the inepeenridM Q, DuoneenTM T and Duoneen TM C. When R2 is
hydrogen and RlL is RANH(CH2) 3, a different selection fromthe previous

ami nes, the structure ofwshdiPARHcABNCILENS0 aliphatic NH(CH2) 3 NH2 which
(o ostill i al lRRalhfnkd WRLIWAED ShafliBRaialie £89E ol fdue 1adlo yal Les of
10 paraneters to generate t sanme amne w e appreciated later in this
di scl osure? Faomehe™ QiDupraen™d, andfomegh ™C.(CH2) 3NH2 and 'Rl i s _

RANH( CH2) 3, the amijne ,st.ructure isclos i phat,i ) 3NH2.
This structure is @ ﬁni%rfgﬁ?'écm%ﬁnpa@) yfsgﬁg\ﬁ?@ﬁgh%&gﬁﬁwgse%é?gﬁ%ﬁggfrom
AKZO as 15 Trpreean hivinks, thd@ruanmoitheaimisgisne in the final netal overbased
am ne conponent (A) ingluding th ction nedi um (described below), is
typically 10 to 40 per ceio Hip a‘(ﬁéﬁﬁz %ﬁ_}gf erably 15 to 30 percent, and
nore pref er ablyhigDist QilBR-AMEkAR HimethABncAMntfe. dTRE hbdderdr Yt I Vailuedlor ecomes,
through the present invention, a 20 substrate of an overbased nmaterial.
Convent i oABI drEymsiesed saparase thg pamegneingusil] be gpprspiated ttarfrethisydsciosiei ng art s,
and are generally singlg;Rhas 0 s, NI 8 Ysk C
characterized by a net aF r(Et(tgnt ?ﬁtaggn’&%%ggs%o?&%%\t Zvﬁ??cﬁ V\DSF%( I—E)‘°'%3’pr esent
accordi ng to ttheamsinestwieiwsstry of the netal and the particular acidic

g'r??grg compound react eg W b LR NelOf,) Ry 2! overbased amne (A)

This structure is N-aliphatic dipropylenetriamine and is available from AKZO as
15 . Trimeen™ T.

The amount of amine in the final metal overbased amine component (A)
including the reaction medium (described below), is typically 10 to 40 percent by
weight, preferably 15 to 30 percent, and more preferably 20 to 30 percent.

The amine described above is, or becomes, through the present invention, a

20 substrate of an overbased material. Conventional overbased materials are well
known in the lubricating arts, and are generally single phase, homogeneous
Newtonian systems characterized by a metal content in excess of that which would
be present according to the stoichiometry of the metal and the partibular acidic
organic compound reacted with the metal. The metal overbased amine (A) differs

25 from those of the prior art in that, in place of the acidic organic compound there is
employed a non-acidic, non-reactive compound containing nitrogen atom(s), as
described in detail above.

The amount of excess metal is commonly expressed in terms of metal ratio.
The term "metal ratio” is the ratio of the total equivalents of the metal to the equiva-

30  lents of the acidic organic compound. A neutral metal salt has a metal ratio of one.

A salt having 4.5 times as much metal as presen;c in 2 normal salt will have metal
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25 fromthose of the prior art in that, in place of the acidic organic
conpound there is enployed a non- aC|d|c non-reactive ont ai ni ng
nitrogen AVMYfS as described in det ail above. The an%gﬁp%d@gﬂegcess met al
is commonly expressed in terns of netal ratio. The term"netal ratio” is
the ratio of the total equivalents of the netal to the equiva- 30 |lents of
the acidic organi c conpound.. A neutral netal salt has a metal ratio of one.
A salt havi ngy4cofl3 STERivaken [EUSJ"%\{EEB%HSaSFd?raﬁ%%}basJeBaﬁm{beﬂwurss&his wi l
have net al 6 WO 017 14433 PCT/ 1 JSOO 21534 excess of 3. ui val ents, or a
rati o of 4. 5a01§fmm2a¢ﬂﬂbxﬁé!0bel”gelémmﬂwcvﬁf a gstal mbio °P’P1P§d°%ft9fi YenAERr i al i s
not enpl oyed f 0 to be the
ratio of the's gbgg\{&{ouolf\% d(i)\%ﬁén e&?rﬁektg al'?tgﬂ'ltl }%Qggﬁg?énn%ggn en,
oxygen, and afdikdlfur mm me ¢rgm®cgamlmdco’ﬁpowed)386'd1€3ﬁv@frlbamﬂ(tBl) of

the present 5 invention typic nt ai 40 equi val met al

per nol e df &?ﬁeﬁ‘é"“(%f’a]y ")‘/’B H%%(g earll]e’é‘#L %I@gg 5% efgaﬁ% é% s of -

netal per mokgic9hndfleftfably B td bsr eqmméms shaEthiages GnodeToNemine. i tie métal

R RZNH(MA),,, x represents the netal ratio. The b S|C|aﬁ| of the overbased

(B1) gener al loyerpasegamingSarmeyla of R grww)*a" egtesints e ot er. A total base

nunber is the oyt b&fm@%%e&%{bﬁ&h%w Abrally B xphis i i kermd Of Aegsled t o
neutralize all of e overbased nateri aI S basicity. The ampunt of acid is

expressed as bp@tralmbcu ré Fopal basei nnberjis itheamonnisof avigi(pgrcliadeonydinshlonid)
det erm ngéj ¥15ecfeg% géqtr 220 §fe g&%ﬂﬁs?& mﬁféﬁﬁl%q;%ﬁ e)’m'i'ﬁtr irRbuntVof i@isl nor mal

hydr ochl I'on” usi ng bronophenol as an 1 ndicator. The
over based ( BExpredsed mpcnisemnrﬂydrdxmwiivdnntgeﬁenahbdsy nimberds tdetemxlinddhye nunber

genr al [y hadiaifioh ond 2ot i ibefbatd PaeBom ool HAfignBNERgRer 12
The. ol | owi e equat o eattval ant sl aht ”?“T’é""s?%ﬁ}"“ M“STHBZ?) o
For i nst ance,M$AtieR genssalychas @ 194 all &P?W“%‘%BPE%‘ gﬁ%‘eﬁnﬂfﬁ%‘?‘mﬁ?ﬁéﬂﬁmﬁas an
equi val eng WE‘;JraEHab@fzoBB@rhé o(v%ase&ﬁ(Bl)-%]e'i&mﬁh@motalm& ﬁmubetaipaatsoweu ght of
am nes 20 is determ ned I vidin e nmol ecul ar _wei ght_ of ne by

t he nunber ofpréfﬂ‘ablb'e'gé%ﬂa/@ﬂicpﬁfecr%{l)’ a?rf"n’é) Fhreeqpie °6‘g;s ﬁ?ﬁ%ﬁ(ﬁ& of the
present i nven g B SRAFAHNIL dBRAGh! Neuflon? Ghihe =186 §00/kal (ased! cal |y

ar ylic aC|

an i nor gani ¢ acl such as acetic
number) For instance, an overbased (B1) with a total base number of 200 has an

equivalent weight of 280.5 (eq. wt. = 56100/200). The equivalent weight of amines
20 is determined by dividing the molecular weight of the amine by the number of
nitrogen atoms in the amine.

The overbased materials of the present invention are prepared by reacting an
acidic material (typically an inorganic acid or lower carboxylic acid such as acetic
acid; preferably carbon dioxide) with a mixture comprising the amine described in

25  detail above, a reaction medium, a stoichiometric excess of a metal base M, and a
promoter.

The metal compounds M useful in making the basic metal salts are generally
any Group 1a or 1b metal compounds (CAS version of the Periodic Table of the Ele-
ments), as well as molybdenum and tungsten. The Gfoup' la metals of the metal

30  compound include alkali metals (lithium, sodium, potassium, etc.). The Group 2a

metals of the metal base include the alkaline earth metals (such as barium and,

51



acid; preferably carbon dioxide) with a m xture conprising the am ne
described in 25 detail above, a reaction nedium a stoichionetric excess of
a netal basé&vOptvadd a pronoter. The nmetal conpounds M usefrdised/fisiyaki ng t he
basic netal salts are generally any Goup la or Ib nmetal conpounds (CAS
version of the Periodic Table of the Ele- nents), as well as nol ybdenum and
tungsten. The Group la netals of the netal 30 conpound include alkali
metals (lithiu sqdi um potassj um. et . . The Group 2a netals_of the
netal base inc%&%ﬁq’?%énaﬁm%&ﬁﬂéd@gﬁ]"EW‘ ﬁ;ﬁ%‘%ﬂg’ the gete! sumpRyndy e sglivereds 1 wo
01/ 14433 PCT/ | 4506hPEASAThddredred fidioh of ROSRIE HyBred dxfleCldBBnaeGopgeal |y the
metal conpounds,  are delivered as netal salts.” The anionic portion of the
salt is hydrox{luateeRiheiauchanions amistwesdheeed, nitrate, other such anions or
m xtures thereof. el [ ' : i the. f tion of
t he basic netal 5%%?%%%3@?% ug%:dl dglsag ?‘é‘? %gﬁ%%%{%@k s??v%’et%%tchng&%gt al
base to forim (k) MAh&haetidicmatariat radtaivitthe rieeal hadeite firch MU T8 aaidiet | C,
nitric, phosphqrj r lfuric acids. _lLnorganic acidic materials in a
solid or gaseogé{egﬁ‘aglgyfroléya g’lqgl f)uéhu?e?ff”uqsdﬂ ‘Cagﬁ?—ﬁ oric, Grpsuliagies aCighp 1S,
or P205. Some miorgahie apitie el ilat6ld qlgsscaisphARimdyatddteaddd, Yuchaghids, but
anhydri des whi §B gg)co cids in the presence of a protic material such 10
as water. Pref8rpedacPaiteSnditielsafems pothe greseingimaizrials arest faghnienligxi de,
sul fur trioxi geds, BhasRERELSwRBR bshid Gt irf%é%l‘é’éé%%e Bpggﬁﬁf :m%%‘ such

n di oxide. The

preferably, the acidic material is a gas such as car
aci di c mat’®ri afs ¥akrbPrefeeds podie onaerialsAre agrcbon hdioxige, adulfiva sipxids, ORI

MOH+AH >NMA+H2 Qi o1 B THR) YinedRQ j of r.aci. di terial. is
enpl oyed per et?t?i \{gl %}E{Sﬁ%?]st%e }n%téélrﬁ‘ggiééeé%ég%férg{ﬁr %i;eg%bgﬁttg f‘c\}%'-cexarrpl es
of the fornatiwatedd is hgasxsuel)ed caabandisxidd Theecidiambterisiatan lbe saditioe¥B X from x

equi val ents of ,h@g tal .base and x equivalents of the acidic materi al
AH are as foll ovvs.d en?eéﬂgﬁsaéf%d that before CO2 and SO2 20 act as an

acidic material that COpfemd A302; MeoctH,@i th water present in the reaction
vessel to form H2C03 and H2SCB, respectively. It is also understood that
cal ci um dxi detymcalyabaued spivaleniaplcacidin meteritl is smploved percaquivalevesfsbt to form

cal ci um hydr oxj;eer base.

Several representative examples of the formation of the x equivalents of the

basic metal salt (MA) from x equivalents of the metal base MOH and x equivalents
of the acidic material AH are as follows. It is understood that before CO; and SO,
20 act as an acidic material that CO; and SO, react with water present in the reaéti(m
vessel to form HxCO; and H,SO;, respectively. It is also understood that caleium

oxide is reacted with water present in the reaction vessel to form calcium hydroxide.

1 equivalent 1 equivalent 1 equivalent

25 MOH + AH > (MA)
NaOH + Y2 Ho,CO; > ¥ Na,CO;
LiOH + ¥ H,80; 2 % 1i,80,
¥ Ca(OH), + Y2 HyCOs 2> CaCO;
% Ca0 + ¥ H,CO; <> CaCO;

30 NaOH = +wHPO, > 13 NasPO,
Y2 Ca(OH); + 13 H3PO, -2 w6 Caz(POy)2
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1 equivalent | equivalent 1 equivalent 25 MOH + AH 4 (MA) NaOH + 1h H2CO03
4 1/2 Na2CO8 LiOH + 1/2 HS03 3 1/2 Li2S@B 1/2 Ca(O T2 + 1/2 H2COAB -)
CaCO3 1h CHO M43 03 3 CaC03 30 NaOH + 113 H3PO4 4 iRCI/WRAYHEH 1h
Ca(OH)2 + in H3PO4 4 116 Ca3(POX)2 52 WO 01/14433 PCT/LJS00/ 21834 Wen
one equi valent of an amne R R2ZNH is present in the reaction of x

equi valents of MOH with x equivalents of AH the reaction is RIRZNH + x MOH

i R RN iR O B kR T

gives rise to an A wthi onat e, sul fat e,
t hi osul f at e, eghiyglpits bEMOHIwph  sgizdlents ofsAHgh¢ reagtiomiixt ur es t her eof .

Preferably A is carbongt r ter .l 1 i.cal. enployed to facilitate
the incorporation of ngtlgﬂwﬁf'gll\g iCh 6@3?3‘ kg‘tﬁg‘l(&@ﬁﬁposi tions. The _
promoters ar eviffirtLofli ARAS Shatiidlsodaf AR be udeBOVThid gi\kb?is@'ié an &5 withirdenced by
the cited patents. A particularly conprehensive 10 discussion of suitable

promot er s3i s B BINHMA:9f3 carhpnata: sufpte, spifatg.thiosylfatm phospbite anchiphosplgtes 904.
These includ > ' ' ers, which are preferred.
The al cohol i gas%gr?gthg’?gl%%{#%fegg?r?%gﬂgégnﬁbggﬁ' one to twel ve carbon atons
such as net hanol A piohmereslis a ghgphical | ecaphayed to Eicilitasé thei inogrparptéonodf, metald

m xtures of t.hes t Lke... Phenoli c onoters. incl ud vari.ety of
hydr oxy- substlﬁ%utgeég qceﬁltzgga}lgéthg%bn OTE' @Bﬁ{%rg‘%tgrf%s"f q tep%%?‘%%grfcg?rleywe&gef ul

cl ass of pherimbeman ehet 41 aaklidéneedtly fHeaixed pateiits.t Aepartigiiarlyl ¢onipechensive). S.

Patent 2,777,874, .e.q.,. t vl phenol s, .aoc enol | phepol s.

M xt ur es 1§f SR ‘%PB&%%‘?‘QP%’“&P& %5?1’@9?%'&5&8@ iﬁg@ga%gfﬁo umin
whi ch the aboygi6poar rRsse ikhide Al dicRokicandPhentlic PEomatGEPINiS &e pefdrRast one
inert, organic solvent (mneral oil, naphtha, toluene, xylene, 20 etc.)

for the ani nelhepicobelicppotertdndlids therplkanolsofomp inehvesapionaioms s as
al ternati vel ymitharfsRafol aniy |aﬁ5?dl,eoc%9§§yoﬁli0§ﬂo‘f,ea% gg;&nfes WP e an ﬂ?eoi al le

organi ¢ solvent can be desirable when'it I ntended to strip of
sol vent to rdjkeackhenplisypromozass ircluge rravariety of hydroxy-substituted benzenes and

15  naphthalenes. A particularly useful class of phenols are the alkylated phenols of the
type listed in U.S. Patent 2,777,874, e.g., heptylphenols, octylphenols, and
nonylphenols. Mixtures of various promoters are sometimes used.

The reaction medium in which the above overbasing reaction is conducted
cﬁmpriées at least one inert, organic solvent (mineral oil, naphtha, toluene, xylene,

20  etc.) for the amine. Preferably the medium is an oil such a mineral oil; alternatively
it can be a volatile organic solvent. The use of a volatile organic solvent can be
desirable when it is intended to strip off the solvent to replace it with an alternative
solvent or even to isolate the remaining solids. The amount of the reaction medium
should be an amount suitable to provide ready solution or dispersion of the other

25  components during the process of preparing the overbased material. .Typically the
reaction medium will comprise 15 to 60 percent by weight of the total composition,
preferably 25 to 50 percent, and more preferably 30 to 40 percent.

The reaction medium, however, should be a material which does not form a
soluble salt of the metal base described above. The function of providing a measure

30  of solubility to the metal base, so that it can participate in the overbasing reaction, is

accomplished by the use of a catalytic amount of an organic material which is
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solvent or even to isolate the remaining solids. The anpbunt of the reaction
medi um shoul d be an anmount suitable to provide ready solution or

di spersi on YO #HE+Bt her 25 conponents during the process rofrisneness ng t he
overbased material. Typically the reaction mediumw || conprise 15 to 60
percent by weight of the total conposition, preferably 25 to 50 percent,
and nore preferably 30 to 40 percent. The reaction nedi um however, should

be a materi al i . not for. ) ble.salt aof th ta e
descri bed abovéggéb‘cf%‘ép%’glﬁggiaos ‘&‘{pp‘s%m"%} Hﬁs"’a é@lﬁ?@meég’cﬁyég?‘g‘g?’ﬁ ty to
the metal basesolbiz it kigtredctioc RBdiRal Thie bfahie nhaferfah@n®¥ ef Basic Addap&kh on, 1S

acconpl i shed by the use of a catalytic anmount of an organic material which
is 53 WO 01/ 13A$80eEHe acidosiiong said, phopphgrans a¢idmselasehly 2a alkal substitetad t he

net al base. Thac&@t beili OF BRAaLNRL bLERY 181 IHERE:. Phe a?r%lul'fpéfeifu's S%f%ﬁl% ngfgégaﬁ ion

medi um This organic materi'al can be "an acidic materia

car boxyl i cdaci(Ehe asidic wetedalafor exanpip dpdesehed asei"datalpicedmouah! by aubicaliky|
substituted i ni ' i r_an al kyl phen The, anmount of
this organic %%@r?gﬁ a‘%&?'gf%‘gﬁﬁ@?@?‘g&’lﬁg‘t%%‘r‘?é’rz&‘“% ore Qgﬁ?ﬂ %)th? g‘egégﬁ?i bed as
a "catal ytic aheoenmtpositiby indsseeiatibs withthersmise. ritleatdoust will si0Bbd soampe Mat

sufficient to perm.t ipcorporation of the netal into, the conpposition in
associ ati on vvit{?%acfn%‘\%mﬁ%“ﬁie‘%eg ﬁ%g’%f‘rfﬁlﬁ?ﬁ'e\?ﬁ {oF PHEEYRE W"F{éﬁaéu?ﬁi‘fc fof he

aci di c materi ahe biesteking PRGERS ThescSRMIe AoldiarR it BLY 0U1 18 SSpedithnl i;)fa”t
substrate_for theﬁgver basi ng process. These suitable amounts are typically

0.01 to 5!Per SEpht 9y they ki soRposion: jgad prfeably Griptss P tneesant. aFspressed év abl y 0. 5
to 2 percent. :RXRECHSRSH, ik 2BRRE BEhe AN Qan; iyt chgi c
organic material is typically 0.05 f’o 25 &gae*?%g‘%%ﬁﬁgw&@‘g%’? ({)lﬁ ?}hieéjam' ne
cont ai ni ng t h@eBRBtgyweight of tgamineontininzthe oxygen mitregen,beisnigurowbichds ed.

Preferably th t . di r i.C, mat.erial up to.15 erfcent by
wei ght, pref e%gg'gw B‘E’a%g' 91;} %fg%@gﬁbga%ﬂ%q%r ¢ B‘f@f é’f%ar?}cymﬁt_ﬁn%dl%g’pg cent,

15 e.g., 2-6 percceily vimyghieairefatablgfuptthe pastemeandRase prderatilgeb kd 6 Peicynt,

descri bi ng;stechni2 es f&%y maéifng hbasi c salts of acids 1include U S. Patents
2,501, 731*° 2, 6¥F8; CEBLRTECIET PTG ABNE: 905: 2 777, 874; 3, 256, 186;

3, 384, 585; 3, 365, 39ﬁént8sﬁazmcai@zaesaﬁbsﬂgim%ﬁhaques,féﬁ%azi%é;baﬁeqa@ 82 QidL9.
Ref erence may .b naﬂgﬁt hese patents for their disclosures in this regard
t .

as well as 204 rg ﬁé’%%lzesaoélf"él?of’«é%w;f 2816941 a%ﬂé»%ési?cwﬁeﬂt?’é;l sal ts.
The L eachi ngo.36 169 0 ss5hsks 9, 534 14269238067 ARESR! fu Sl U0 O
Reference may be made to these patents for their disclosures in this regard as well as
20 for their disclosure of specific suitable basic metal salts. The teachings, of course,
must be modified as appropriate for the use of the amines of the present invention in
place of the acids described in the references.
Briefly, the basic salts of the amines of the present invention are prepared
by preparing a mixture of the amine, the reaction medium, the metal base, and
25  the salt-forming organic material, and adding thereto the appropriate amount of
the low molecular weight acidic material, that is, one preferably containing no
more than 6 carbon atoms. Liquid or solid acidic materials can be added to a
stirred mixture by conventional means; gaseous acidic materials can be added by
passing the gas (bubbling the gas) into a stirred reaction mixture. The

30 temperature of the addition of gas is not critical; temperatures in the range of
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pl ace of the acids described in the references. Briefly, the basic salts of
the am nes“ﬁ] I}Q‘%spresent i nvention are prepared by pr l?a“ ng a m xture of
the am ne U¥E3ction nedium the nmetal base, and 25 YHEVSONPIS34 or ni ng
organic material, and adding thereto the appropriate anount of the | ow

nmol ecul ar weight acidic material, that is, one preferably containing no
nore than 6 carbon atons. Liquid or solid acidic materials can be added to

a stirred mpjoubqshyc ﬁ%%@ﬂ'f&ﬂﬁ'to%%%ﬂﬁe sABDROUPheAh{on (TRRIdofik fn Can be
added by passing the gas (bubbling the gas) into a stirred reaction

m xture. The %&)Dglemepa!nfr@l@ﬂalb’he addition of gas is not critical;

tomperat ures it 6t ARAce Bl SR, BHAAEFRTAPE] HhPOLERPRAeaciiDal 0 150C

have been found to € reaction can one 1h a single
step or i ncr edesinddal Cgtbor@ac@eﬂxasedvmhask‘& @V(MA )i wharkinad echrbdnateane.be

further treated or cted, as e ona e overbased am ne

R ROt S ) (e ks ReeRARA By Feaction, Wile SOy dioide FRLEH VBt A OF eact | on
Wi th carbon djufft 8i6Xide 8dpleeide Q%ﬁlfﬁdo%ﬁd@edimﬁﬁﬁél%eﬁém Asfsurriteli Dudigie to
provide a sulfite overbased material wherein Ais sulfite, Durin

course of t hethg getts fithe eagiign yomg)or alh pf the garbon digridg Wik bedisplrped "thﬁl spl aced

by the sul fugfli @gkde. 1 BoBRRP hidefsichRe Eﬁlﬁfétdv@fbasea%zftéﬁa? (ephlpsad materi al
(prepared either by direct addition of by SO2 di spl'acenent of 02)

can be furt hehy direlcadditioniof -ﬁOﬂQﬂHSéb@FS@bc@ﬁcnsgf €Q2) cambpfugthenreacted witbos ul f at e
over baseqgnat erj e I f .sul fur

i ncl ude g errent a Su fs{ﬁlﬁhps@lqﬁm‘%al I d‘mﬂff&é n%?gﬁg?ﬁgﬁgagwhgﬁﬁ %I’ s('S)r sul fur
oxides with I"[;mbsuimen Swithblel spurpésosf) buifun Sincludef elemsntal sulﬂxrvarlfwufahéasl furized
organic corrpoun Sul f hal i des i ncl ud | fu no r| de nd sul fur
i ohlor i do. T PABERIREPHS I wrselrir e S D Sioath e Pheswbért Pufdie, *pasy
P4AS3, and PZS&d Stifidusr salfgized O Paric CRPOLMIES ISLﬂfuddEalRies? include sulfur

di t hi odi i sobut aldehyde dlbenz sul fi di xyl sul fi di cetyl
sul fide, di paﬁ“é’ﬂchlﬁndw SHHEPT gbe Aqv&crpoi’g%ﬂb Py U ﬁé‘ﬁ%i %%fgkehpsn}a%um eum

sul fi des jsul fpahtazﬁﬂdelm,, 1%9' anUPJsr baIadizbdlor Cbcsiﬁpouﬁawiﬂchmeai sul fur

sources, and nethods of their preparation, can be f ound & referrlng to

Eur opean Publ ‘?‘@%ﬂ@%@b“&’@%)@é dlbewé selidey dpalybpulfide, diseyhs diparllEr based

salts of cony, t ials has
been di scl ose‘gBE klﬁget al b(lgi%ﬂlﬁﬁ% &I%ia‘?gcrl\df &]%?SAJ Ogﬁﬁgﬁﬁuﬁﬂﬁé‘%&lg ISJ on

sulfurized fatty acids. Additional sulfur sources, and methods of their preparation,
can be found by referring to European Publication 0 586 258. The conversion of

20  carbonate overbased salts of conventional acid substrates into sulfite overbased
materials has been disclosed in detail in U.S. Patent 5,250,204. TFurther details on
the conversion of sulfite overbased salts of conventional acid substrates into
thiosulfate overbased materials can be obtained by referring to European Publication
0586258, |

25 As used herein, the termn "hydrocarbyl substituent” or "hydrocarbyl group” is
used in its ordinary sense, which is well known to those skilled in the art. Specifically,
it refers to a group having a carbon atom directly attached to the remainder of the
molecule and having predominantly hydrocarbon character. Examples of hydrocarbyl
groups include:

30 (.1) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),
alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-, and
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the conversion of sulfite overbased salts of conventional acid substrates
into thiosulfate overbased materials can be obtained by referring to

Eur opean Puwbist/at4eon O 586 258. 25 As used herein; the perpsotigdr ocar byl
substituent”™ or "hydrocarbyl group” is wused in its ordinary sense, which

is well known to those skilled in the art. Specifically, it refers to a
group having a carbon atomdirectly attached to the renai nder of the
nol ecul e and havi ng predom nant]y ¥drocar bon character. rrpl es_ of

S

hydr ocar byl g"ﬁhéifb‘§'5?tﬁ8'fuﬁf‘éé’m%w(3&‘3 W%Fisv&ééﬁeﬂéﬁc%‘%}fééﬁsﬁ%?ﬁ& eeidpe | s,

al i phatic (€. Qipg Rlck¥bleRE L@zlolfﬁmlrlo}he ng@x"ti'oﬁ%?ltﬁeem()ﬁcsge (e. ngil'cpﬁtllﬂﬁﬁtlu
cycl oal kenyl ) ‘substituents, and aromatic-, aliphatic-, and 55 V\D 01/ 14433

PCT/ USOO/218340“6§16rﬁymlan@llmb€81tadncm ed aromatic substl tuents as wel |l as
cyclic substituent re portion
of the nol ecul e (e%zdwt}gstu\‘t:u/é)ed iﬂ'gr carE) ﬂ'tb%tﬁu? SH} & S%P %@%‘Bé&%&@&?@%
radical); £2) }@dhﬁirbémtgﬁﬂphwﬂﬁcﬂmaﬂ b centsit oft ﬂm’lﬁmf,enﬁdmatdol sot sltebsthe t uent s
cont ai ni ng non drocar bon groups which, .in the c xt of

i nventi on, H’i?ﬁ%mé‘%f‘@f ?‘f"ig‘FB ?ﬂ% ﬁ‘g%%t@% he'arE@srRon ° ﬁ‘ﬂs‘i"idt{ll % (e.g.,
hal o (especi oy B Ry AL maﬂrwqumaé 46X YilfoRP Capt o,

al kyl mercapto, nitro, nitroso, and sul 3) hetero substituents, that

is, substi tuent s Wdc hetetphispbstingnis, n@haé Isprsé%ﬁieﬁfénmhhm%c AYBY 2
character, C&I‘[lal I ot& i\n QartloR cf %ﬂ%h&é@g&%ﬂs@n&m&{ continGBRP carbon

inaring or se corrpos carbon atons. Heteroatons include
sul fur, ox§gerthamndartronge s, ringrod chaie othpa‘esa suipotdadt of eatbsn aonmsy rHez!k;xba}tomw yl,
thlenyl and i 0 ene 0, more t an t refer 0 nore

t han one, nog](ﬂ&%r %)&cﬁéllf bJé subs{rg‘%eﬁeg‘fd TS urb‘cé%égéﬁ'fsolas rpyn én carbon
atons in the dﬁymlyl andirhigdzoyl. olmpgenetrylpn@ ainkeythaﬁ hm; grcWrdb[ly hemoe than one

non- hydr ocar bon stituen hydr.ocar b gro The te

"hydr ocar byl " Wogiéi?@‘f?ﬂ?% %’??éfé‘ﬂe“f d‘” E‘%‘ ;‘Eﬁ%"@&?ﬁ? %aﬁbép fRRs pdt groups
havi ng non- hy diyaeedba @é@n@?u@mﬁlméxy“@n bEWb toR h§drefeison MBstithantserl tE@r lier,
based upon t he paraneters of the am ne substituents of the especially

pref err ed1anm AwdroeHpPEB&WPs f erent types of amines can be generated even 20
though it woul d apRgakertNaharb@ify1dk fals8 iFBhded T Bifudt FyhdcREyIGRNBAled-

Further, a
groups having non-hydrocarbon functionality at multiple ends.

As stated earlier, based upon the parameters of the amine substituents of the
especially preferred amnine, three different types of amines can be generated even
20 though it would appear that four different amines could be generated. Further, a
selection of different values generates the same two amines — the N — aliphatic
trimethylenediamines. However, by the factoring in of the (MA), moiety — that is,
for diamines, which nitrogen atom is associated with or aligns with the (MA);
moiety — one readily can determine that five different overbased amines can be
25  generated.

For example, in the structure R'RABHMA),, when R? is hydrogen and R} is

an aliphatic group, the overbased amine structure is

Cip-50 aliphatic ~ NH; (MA),.
This is an overbased primary fatty amine wherein the overbased moiety (IMA), is

30  aligned with the primary amine, the only amine present.
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selection of different val ues generates the sane two amnes - the N -
aliphatic _trinethyl enediam nes. However, by the factoring in of the (M),
moi ety - tNRAYE33 for diamines, which nitrogen atomis Pé%é‘@@?’%ﬁ*@d with or
aligns with the (MA)x noiety - one readily can determne-that five

di fferent overbased am nes can be 25 generated. For exanple, in the
structure R R2(B1) AMA) x, when'R2 is hydrogen and RL is an aliphatic group,

t he overbased am St HARe S NG LP Oy wreNH2, §MAL X ... Thi.s IS an
over based pri mar yqﬁgfctsirﬁ él\t{r#rﬁkvﬁe)ﬁg%%"t@' ﬁ%gvgggg@é ﬁ%’?deéyls%ﬂflkﬁ-g,ahcls 30

al i gned wi th grbep, girel overbused nimires, stridtereds)| y am ne present. 56 WO 01/ 14433

PCT/ USOQ' 21834 I n the structute ng@(agl)(w\)x, when R2 is (CH2)3NH2 and Rl
is an aliphatic group, the ovel®d ?rkqe structure is Cla50 aliphatic NH
(MA) X H2 NCH2 CH2 CH2 wherein the overbasd¥H@ifty (MY),, is aligned with
t he secondary amne. 5 In the structure R'}éZ(Bl)(NA),, when R2 is hydrogen
and Rl is RANH(CH2) 3 wherei n BANCH, 8#,&Hphati c group, the overbased am ne
structure is Cl0-50 aliphati cNHCH2 CH2 CH2 NH %A), H wherein the

over based noi WRSFeIp g Qv esoased majste Mapinaligned With thersgeondpmyamine,  he struct ure,

R R2(BL1) (W), , whap ¢sthusufe GORPENRLDDEhERIR? & hydfdged it GER RidErr)pher ei n

R4 is an aliphatic_group. The overbased am ne structure is Cla50
al i phat i cNHCHZhezrip aqHliphatie grouppthe|oygzbasedantipg stiEtyRisr ei n t he over based

moiety (MA),, is alignedqu %}%bﬁﬁcﬁﬁﬁgpqﬁ{ g ne. Finally, when at |east
nt in the

two nitrogen atons are prég m e, 2t‘1<\e met al
NH (MA),

H
wherein the overbased moiety (MA); is aligned with the primary amine.
In the structure, R'R’(B')(MA), when R’ is (CH,);NH, and R! is
10 R*NH(CH,);NH,, wherein R* is an aliphatic group. The overbased amine structure

is

010—50 aliphathNHCHz CH2 CH \

NH (MA),
H, NCH, CH, CH, |

15 wherein the overbased moiety (MA), is aligned with the secondary amine.
Finally, when at least two nitrogen atoms are present in the amine, the metal
may be aligned with any two of the nitrogen atoms, as in chelation.
Preparation of the Metal Overbased Amine (B1
Example (B1)-1
20 - To a2 L flask is charged 175 parts tallowdiaminopropane, 150 parts mineral

oil, 30 parts polyisobutylene-substituted succinic anhydride and 27 parts propylene
tetramer-substituted phenol. The mixture is heated to 50-60°C and 42 parts lithium
hydroxide monohydrate is added, with stirting. Carbon dioxide is blown into the
mixture at 28 L/hr (1.0 std. ft*/hr) for 2 hours at 120-130°C (the exothermic reaction
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may be aligned with any two of the nitrogen atons, as in chelation.
Preparation of the Metal Overbased Amine Bl) Exanple (B 1)-1 20 To a 2 L
flask i s chwogea3¥5 parts tall owdi am nopropane, 150 paregrasmersal  oil, 30
parts polyi sobutyl ene-substituted succinic anhydride and 27 parts propyl ene
tetramer-substituted phenol. The m xture is heated to 50-60C and 42 parts
lithium hydroxide nonohydrate is added, with stirring. Carbon dioxide-is
blown into the mxture at 28 L/hr (1.0 std. ft3/hr) for 2 hours at

120- 130C ( t he festepseicihericanperaiee (ol 0-156° o Infraredi arsdysiscshays thedormetion of

formmtton of T Xoays refbfid biteel (el 3 uunholl M SuAR ot rate A LS
nmonohydr at e i@a@d@deaﬁhonmdd@swbmufoﬁovaibmﬂ@m@d ofig tb!xb@’@fgeﬂlﬂ‘*ﬂ@m by
addi ti on of ahtt u&ok aharge ?fcﬁf;é%%%% %ﬁe‘h;%eg{’ ! Yﬁ%u tm a%ﬂgdﬁ onatl on.

To the resultin cous®s he m X ure
centrifuges amiiuémj thﬁfrﬁdu:rbhéﬂﬂ@@ed ankdtfderedititoughhféiter widcthemvatitmppipged t 0 yi el d

350 parts light bro oil, (B1)-2 ToallL flask is charged 175
parts tall O\Adl‘ér‘iﬁe{‘?oa\grﬁ@ hEﬁ@l’Y ﬁg'rts mneral oil, 20 parts of cal cium
salt of nethyl ene-coupl ed heptyl phm%b%q_@)_parts 10

ri

pol yi sobut yl ene-substituted succini c anhy e, 50 parts m xed isobutyl and
anyl al cohol s (1: 1Yo adndfiask ipeherged 483 patsdallowdiamingpsonsns. 1159 earfssm@psgs ol ved,

W th SULTT] 902 20PBEAS of At 1 bl RRMCARAT hehuObhor ) Tk T XL U e

is added, with st arts ca e mxtu I s heated
to 50C andIO carplglymoumtdxixed@bistsutbdl ewgginid mhadndweS@ @att morednsobutyl @ndiam@BL! hr
(1.0 std. ft3/ h s, nai,nt ai eralyr e, at out

§0: 000, “ar t or SFohelt L% ptP . Bacs Tt 1 Wl et G RO BB 2000
carbonate. An paddcdlmmﬂ&hloilﬂe mars pardfwatea) wtuimnbimmxladﬁacn ﬁlzt&ddﬂﬁhgfﬁm
carbonation is ¢ d for additional 2.5 hours. The mixture is then
purged with rﬂa’ftsr??&é Ho &Y ﬁ’ﬂé‘t FIEE isbratrd ke 50°C 3nd caberdisideisdia at i on

fol lowed by  vy@gUhdNeathdnPRixRe 20 280mP (10 WS £°/8F) Sof 2 XHoFsS mafnedihing %eed usi ng
afilter aid, toyield 20 360 parts of a green oil product Exanple (Bl)-3

To a2 L % aslzem@r%waragéwusm BTG sAfies |2 howen infiared palpsin indicatoe fyrmetian of a

of calcium carbonate. An additional 18 parts of calcium hydroxide is added and
carbonation is continued for an additional 2.5 hours. The mixture is then purged
with nitrogen at 150°C and the solvent is removed by distillation followed by
vacuum stripping for 0.5 hours. The mixture is filtered using a filter aid, to yield

20 360 parts of a green oil product.

Example (B1)-3

To a 2 L flask is charged 50 parts tallowdiaminopropane, 209 parts of a
calcium salt of a methylene-coupled heptyl phenol and 92 parts iscoctyl alcohol.
The contents are stirred and heated to 45°C. and held for 0.25 hours. Added is 70
25  parts methyl alcohol, 1 part calcium chloride and 46 parts calcium oxide. The
contents are blown below the surface at 0.5 cubic feet per hour for one hour. The
contents are then stripped to 120°C. with nitrogen blowing below the surface and
then vacuum stripped to 20 millimeters of mercury. The contents are filtered using a
filtering aid. Analyses % calciumn sulfate ash is 23.5 and total base nurnber to
30 bromophenol blue is 238. In the formula RIRzNH(M.A)x, M is calcium, A is

carbonate and x is 3.
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calciumsalt of a methyl ene-coupl ed heptyl phenol and 92 parts isooctyl

al cohol. The contents are stirred and heated to 45C. and held for O.

hours. Add®® %4443 25 parts nethyl al cohol, | part calci W@ﬂ‘mﬁ‘*de and 46
parts cal cium oxide. The contents are bl own below the surface at 0.5 cubic
feet per hour for one hour. The contents are then stripped to 120C. with
nitrogen bl ow ng below the surface and then vacuum stripped to 20
mllimeters of nercury. The conten%@%@%ered using 'a filtering aid.
Anal yses % cal ciumsulfate ash is ) tal base nunmber to 30

br omophenol blue is PBE. flaskt e dbargedi| withk FUI]\H(M)@O Nnpls) CHJfOQ:ayhhﬁ Ais
carbonate and,.x is 3. 01/1 P 1 :4 Al12 L
flask is char%]EIB“\RP‘PHa“?oo‘%gaP?%s 4@%% fﬂ?f é) PRYS? éw%cnf %Sgﬁé% ROP1 r{S‘ﬁ)ane 150
parts (0.22 nahedrigeolye ?&@t&Seﬁﬁ:l@LﬁiﬁﬂyﬂénHtteﬁxﬁdmﬁbsﬁhﬂed pidayd andigoo 150
parts (0.%4 nole) propylene tetraner-substituted phenol and 800 5 parts

|
mi neral oPl . HaE mipstalfile The nyxturedy healed9S0nand A% Rasts ©F seskivm Bydrakifiery dr oxi de

I's added. The;shgsmena iéhffacx‘aﬁxré mﬁ&@a%@ﬂon@s&&&cléx%m@ﬂ@s infiege i HiGwAN Xt ure
is blown carbon dioxide at 75 cubic feet per hour for 5 to 6 hours.

Vat er 15 ol | BuRegisnwicas I08NbSUSHDST b 1 e b scalced Ml The
tent , d
70520 par s 1 SoRdes Hpd" e e £ 1SR T SIRE I e S TR T A

are carbonated as per above.
t hi rd i ncr enetht secof@ hcpaentsofaadium Hydrnxide -|320rpemarstaddmndphﬁ ¢cmteantsearadded and

bot h of t ese i.ncrepents are car,banat ed of 21 arts is
obt ai ned P corepagh i ARoe, A EErEa 0 Bhe 48 ¢ B a8 “na 20
mllineters npirgufeyadficd and bothhfiliese thbienlents areasdebiohatodias abewd. eA tdtal o@blﬁi ned.’
The contents are flltered throu h fllter aid at 120-130C to(??iaﬁ 2675

parts of a | i RATES 1HoRHRedes ther k fagy e eontentsane stfppgddo 50° His .49 %

nitrogen is lmABmeteR rﬁé?&r}ﬁ?%'%urs'%n@?“%nal warliSobiRfdd) Mhe Bonténté ar bonat e
Exanpl is essentially repeated but at a

and x is 15. Exanple e
| ower conver sigfilterad é’Wégh f’é‘Fﬁ'ﬁlldaatlilélz‘lﬂl Gurg give 678 papsliofi @ light ibsowmr bonat e
and x is 5. Zﬁoﬁﬁﬁmﬂhﬁys@% I&mm?siz GLhshiid 85K hitrogBPfs 9998, 104R Bk (7.0
equi val ent's) o t he product ¢
R'R*NH(MA),, M is sodlum, A is carbonate and x is 15.
Example (B1)-5
. Example (B1)-4 is essentially repeated but at a lower conversion. In the
formula R'R*NH(MA),, M is sodium, A is carbonate and x is 5.
20 Example (B1)-6
To a 2 liter flask is charged 1029 parts (7.0 equivalents) of the product of

Example (B1)-4. The conténts are heated to 140°C. and SO, is blown below the

surface at 0.5 cubic feet per hour for 5 hours, until the disappearance of the sodium -
carbonate band on the IR at 880 cm™! is observed. Nitrogen is then blown below the
25 surface for 1 hour. The contents are filtered to give a product that has a % sodium of
9.6, and % sulfur of 8.0. In the formula R'R’NH(MA),, M is sodium, A is sulfite
and x is 5.0.
Example (B1)-7
To a 1 liter flask is charged 400 parts (1.0 eéuiva]ent) of the product of
30  Example (B1)-6. Added is 26 parts (0.8 equivalents) of sulfur over 20 minutes. A
thick thiosulfate oil is formed. Added is 200 m! toluene and the contents are heated
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Exampl e (Bl1)-4. The contents are heated to 140C. and SO2 is bl own bel ow t he
surface at 0.5 cubic feet per hour for 5 hours, until the di sappearance of
t he sodi um weembenat e band on the IR at 880 cm -1 i s obsecweshe2M3trogen i s
t hen bl own bel ow the 25 surface for 1 hour. The contents are filtered to

gi ve a product that has a % sodiumof 9.6, and % sul fur of 8.0. In the
formula R RZNH(MA) X, Mis sodium A is sulfite and x is 5.0. Exanple (BD-7
To a 1l liter flask is charged 400 parts (1.0 equivalent) of the product of
30 Exanpl e (BI tPI*EﬂUXAG@Iéddif@ Iwup aFhescopgnig awsfilieted|te give p pagdustiiargg afver 20

'[nhguf:gfrt e'rar\ts are ﬁleat déﬂdﬁtswé)%}% 4&%%%%@}%59‘0@ Féﬂﬁiﬁgngnﬂel d

for 1 hour. Thiethimnifgatsiassdiltered to give a product having a % sodium

of 8.9 and %sul fur of 12.9. In theazforquggég_ 1RNH(MA) X, Mis sodium A is

thiosulfate and x is 5.0. Example oa?2liter flask is charged

1700 partss(15.7 equiaalieptiask ©khirhal 100 Gues (1817 quwalmk)eof(tBé_pmauarw 340
parts dil uent 0|I The contents are heated to 100C. and SQO2 is bl own bel ow

the surface atExpmplec@id)-¢ apdSe0 parts glygnt oik Thsorontents. arg Beatedgo @l s andint i | t he
di sappearance &, it Eﬁ;wﬁ%@fc% Eé"%tl% Rbickdre e}r'ﬁo@xt 1386 lfést::f'or'm h@hser ved.

The contents are then purge i trogen b owt e sur e at cubi c
f oot per 10 hotumlﬂr@rﬂlszppmuncedfrtbemmnmbomm@nfmtmmeaﬁ&mbrsmswqﬂoduct

having a % so n f f.11. h _of the
docunents ref %egg{ems ageoglgg 91 %rgveltb %fo 3;‘1 ?tg y re ecrs%lﬁ(%g% peExcept in
t he Exanpliés, leur fWadrimuot Ter anrserxq:)ﬁltmd foygivendpwdte@ dhaviag b % ssdbimh oal

guantities in eC| fy| ng anounts of materials, reaction
condi ti ons, 1t4t30"1‘“8%ef"§£‘“&£9 lgzﬂ fber of carbon atoms, and the |ike, are

to be under st 00d agacTEKthd E@dments Eérerem gbova ROiborporkiall ﬁe@mmyh@femh&e
i ndi cat ed, each chem cal_ or corrposrtr on referred to herein shoul d be

interpreted asBwentng the Example &i @ Wher Eherie éF?IH:FﬂWdEﬂ%teﬁﬁ?H QEWEHTEh t he
i somers, by- pr@tﬂg §m Gﬁg bioeady %ﬂ%pe@@ﬁir UfdBhts %T'%}nﬁ ébtf’eln co\“’&x‘nﬁﬁk are

nor mally under e present '1n t e comercial grade However, the
anmount of 8ac Wndmmgm npobamf cabop roseninddhe kikd, s tpebeotindarrsgood as

modified by the word "about.” Unless otherwise indicated, each chemical or
composition referred to herein should be interpreted as being a commercial grade
material which may contain the isomers, by-products, derivatives, and other such
materials which are normally understood to be pi'esent in the commercial grade.

20 However, the amount of each chemical component is presented exclusive of any
solvent or diluent oil which may be customarily present in the commercial material,
unless otherwise indicated. As used herein, the expression "consisting essentially
of” permits the inclusion of substances which do not materially affect the basic and
novel characteristics of the composition under consideration.

25 The metal overbased carboxylic acid, component (B2) is represented by the
structure R”(BZ)COOM(MA),, wherein R'7 is an aliphatic group containing from 10
to 50 carbon atoms, B? is the reactive basic functionality comprising ~OH, Mis a
metal, A is carbonate, sulfite, sulfate, thiosulfate, phosphite or phosphate and y is an
integer of from 1.1 to 10. The metal overbased hydroxy substituted carboxylic acid

30  (B2)is prepared by overbasing a carboxylic acid that contains a hydroxy substituent.
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solvent or diluent oil which may be customarily present in the conmmerci al
mat eri al , WAI%g% ot herw se indicated. As used herein, the exB/r essi on
"consi sting eebehitially of' pernits the inclusion of subSVEHRS34hich do
not materially affect the basic and novel characteristics of -the
conposition under consideration. 25 The nmetal overbased carboxylic acid,
conponent (B2) is represented by the structure R 7(B2) COOM MA)y wherein
R17 is an al.iphati nt.ajsninmy: f.ro, : i - 2 is the
reactive basic funﬁcltt?%%gﬁgff@@cagircrli)ﬁ s'llsna{g:rjl %&«g‘}”ﬁ@gégﬁﬁe@,@ q{{'gmé rbonat e,
sul fite, sulfsubetitutetiatiphdtit grasp tidt cephing vp to 2hbarkphatomns, prefergbly ipam 21§ nt eger
of from1l.1 tog %(% The rr{italt o)V rgla%ed Elydrgx bsub tit gd. a.bo%lic acid
30 (B2) is pr‘éaﬁ ea(§°’B§laB BBy ﬁrﬁ 4 CRt: ot>?ylli O At AF FSUR hydr oxy
sg}st i tS gg/ntz : 8E?l§hj, Be Sﬂt@lﬁd&r atﬁéha%IBEEh:a caébbkyaigadidaﬂ alﬂ&:blt@axlﬂo&iﬁkbsﬂiﬁﬁed\h&&l/ 13433
PCT/IT 1834 In th arboxylic aci R17.is an aliphatic group an
R17(B2) i9 a FARRRING gl $he pigtemd mwhﬂr@&y Ypoiped ﬂla?o-%hwflﬁgmgbgﬁo 23

carbon at ons, REGirSyahstahtic (id2 h2-HyafRpibdsiaRtR . acf'i’dl%-&?cﬁbxﬁétﬁ‘aﬁé‘éaﬁ&by from

11 to 17 carbon atons. The aliphati ¢ group nay be al or al kenyl. The

carboxyl i ¢ achad 16-aydserypalmyjién asig & @Xﬁ@%@da%ng'@dﬁ%ﬁyw add.ald-d. The
preferred mnﬂyd?é(%&%ﬁc I%%ﬁﬁsgg%ﬁ@rggysfggﬂé) ERT RRBleld a@ﬁ'ﬂnﬁ M Fydroxy-11- .

10- hydr oxydodecanoi ¢ ac rroxydodecanol ¢ acl

3- hydr oxyt et r eidesenwioiacid. acmdst pidernsddmoencyipelraxiytsibstianedimone-barbloxykiy stiéar i c
acid, 12- drox%ﬁél ari§ aci d,d 14- hydroxystearic acid, 16-hydroxysteari.c
aci d, ricinol &¢HENF ﬁaﬁlcfﬁl-hydroxy-ll- ei cosenoic acid. A nost preferred
nmo ng- hydr o]>c<y su Es t ]Bﬁtwge thengarbonativh enijydratGre Athe ?verb@sixhgsml:é’cdhwiﬁmmg:t mari fc
acid. But for _the carbonation tenperature, the overhasin rocedyre o

o ther the fAREET SEORLRRI EABOR I ke 7SO B 9 MesTbERasi ng of
the am ne as gaser iIFP dverBARLY Bmink® thO¥RbdNa8QtcaiptAfSe islilehe AROBRINON
tenperature is in the range of 100- 150C. For carboxylic acid overbasing,

t he car bonat i &¥°Ce Foeeaibadlic acid pverhpsing.theearkgmation wyperalgeis irthe raggeldxy | i ¢
aci d overfasi V. . AN terbak. a
pr onot er gﬁd g&rl Z%og?iig% %e%?ihn%a& g%ﬁ%“@%ﬁé“%ﬁﬁ?%ag%’%g& Tﬂg %Ee%la g used
are sodi um or metgtial, arpremoter hud preafiion medinmt dforfthe cabexytia stidgthesmesals ci um

the Vet al oveptaobipRint 8 Gl S MEARed meb R iRt F gt B! O ©
in the form of calcium hydroxide or calcium oxide.
Preparation of the Metal Overbased Hydroxy Substituted Carboxylic Acid (B2)
20 Example (B2)-1
Added to a § liter flask are 300 parts (1 equivalent) of 12-hydroxy stearic
acid and 1500 parts xylene. The contents are heated and stirred to 50°C. and added

is 2 parts calcium chloride dissolved in 10 parts water and 44 parts (1.2 equivalents)
of calcium hydroxide. The temperature is raised to 95-100°C. and held for 2.5
25  hours. The temperature is lowered to 65°C. and 120 parts methyl alcohol is added
followed by S50 parts (1.8 equivalents) of calcium oxide. The contents are
carbonated with carbon dioxide gas below the surface at 0.55 cubic feet per hour
until a direct base number to phcnolphthalein. is 10. This procedure is repeated with
a second increment of 50 parts calcium oxide followed by carbonation to a 10 direct
30  base number. A third increment of 56 parts calcium oxide is added and now the

contents are carbonated to a zero direct base number. The contents are stripped to
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20 Exanple (B2)-1 Added to a 5 liter flask are 300 parts (1 equivalent) of
12- hydroxy stearic acid and 1500 parts xylene. The contents are heated and
stirred to BO@/t@d added is 2 parts calciumchloride REMHOYEEIH n 10
parts water and 44 parts (1.2 equivalents) of calcium hydroxide. The
tenperature is raised to 95-100C. and held for 2.5 25 hours. The
tenperature is lowered to 65C. and 120 parts nethyl alcohol is added

foll onwed by 50 s (1. i ents) .of. cal.ci um oxi de. ontgnts are
car bonat ed vvitﬁagﬁ’ B%ér?r Hi?célglg&gggiaeg%% 8%51{1%%@% n%czhea?" %a%g ag’h@ﬁ’?%f eet per
hour until a dhd@etodldae nuthiles 2430 phenol phthalein is 10. This procedure
is repeated with aTgecond incremeg_t of 50 parts cal.cjium oxide {)ol | oned by

carbonation to a 10 P ragtel QTSRS SISRRTIRE compenent B ntsr ERERPISS: DB &%har t
cal ci um oxi de isfucaste REFENHALAN WhbBR R‘@Qrﬁt}ﬂ%%@ﬂﬁmﬁgbb&%&&@uréo a zero

di rect base nunber. The contents are stripped to 1 WD 01/ 14433

PCTI USCQO' 2183 120C. under vacuum and thely filtered using a filter aid. The
% CaSO4 ash is 29.3 and the total bgse ndnber is 243. The netal overbased

di spersant, conponent (B3) is reprel y the structure R $(B3) (M)
wherein Rts is a hydrocarbyl group of .the rocture O 6 R 5 O wherein R6
is a hydrocarbyl group that contains f 40 to about 500 carbon atons, B3

is the reacive basic functionality conprisStpg -(CHCHNH) H, R10 10
wherein x is an intel%]5 r of from1lto 8 and R10 is hydrogen or an al kyl

e
group cont ai ni"Hgein Rds ahydipaas! grpemibat qontpips fomgdO4p abont 500 caghop sivarse, -
sulfite, sul fatB@isthéﬁh&ﬁz%is?ctﬁnctﬁﬂﬂﬁff&arﬁ;ﬁis& -@h9e ggand z is an integer

of from1l.1 to 30. The dispersant IS sucCi ni rm de di spersant prepared by
reacting a carboxylic acylating agent and a. nitirogen containi ng conmpound.
15 The starting material for succininide dispers&lfs is a hydrocarbyl
substitutetd swdedehi £ inaylivtgenf pentl. oTvandiRF T &rigyitogsni @ iani atkyd egroup
di spersants ar %ox%ggilngllopoe clarr.\')on atoms, M is a metal, A is carbonate, sulfite, sulfate,
thiosulfate, phosphite or phosphate and z is an integer of from 1.1 to 30. The
dispersant is a succinimide dispersant prepared by reacting a carboxylic acylating
agent and a nitrogen containing compound.
15 The starting material for succinimide dispersants is a hydrocarbyl substituted
succinic acylating agent. Two different succinimide dispersants are envisioned in
this invention. The succinimide dispersants are the reaction product of a hydrocarbyl
substituted succinic acylating agent and an amine. The succinimide dispersants
formed depend upon the type of the hydrocarbyl substituted succinic acylating
20 employed. Two types of hydrocarbyl substituted succinic acylating agents are

envisioned as Type 1 and Type II. The Type I succinic acylating agent is of the

formula
/° /°
—CH—C —0H ~—~CH—C ™,
| : | - X)
CHZ——C\-—OH CH,~C N
N o o
(A) B)
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this invention. The succinimde dispersants are the reaction product of a
hydr ocar byI substituted succinic acylating agent and a

succi ni m %048 ‘é‘ﬁ@rsants formed depend upon the type of E]Fﬁ}a}b'ﬁydxr ocar byl
substituted succinic acylating 20 enpl oyed. Two types of- hydrocar byl
substituted succinic acylating agents are envisioned as Type | and Type U.
The Type | succinic acyl ating agent is of the fornmula 4~1 O4~1 O CH C

-OH CH- C b yibhsEdsubstifuent PaVine oM 46 B sddhi s Sheet
Has Been Repl aceeg%bé)Ze{Olel 11111111111f11111§18\7\0‘301/314533 PCT/ USOQY 21834

In the above dathomatams aﬂépreﬁerdﬂh;tdmcﬁ@aoﬁw cagbaneaioss b Ehg Typedhydracarpdd- f r om 40
to 500 carbaon and. Preher A |y, T e Type |
hydr ocar byl - Bsgjé@??ﬁ NS ac |n ?e}e{lt(s:f&ﬁ%ge&a%eﬁggng%w%ga%f%f l%tzillmr eacting
one nol e of glywheefdr mhloﬁﬁdtymalogrthahbfowitmanemom a)guﬂshmramdfca!hdxbﬂm)ne mol e
of an unsaturated car box [

deriv tlvether as fumaric
acid, mal &i c 2%t4 9 derivate ef,“&ﬂ‘ﬁsa? “H@“c?‘ﬂ‘é'"@ j6 apq 059‘8 S%f@ﬂ substituted
succi ni ¢ acyl ati ngrmagppt . I et ?ltﬁbsutﬂfb’d)@udcimélz&Gflht[HgCag%ﬁbUh%t'dniﬂcﬁgent i s
characterized as a polysucci nated hydrocarbyl substituted succinic

acyl ati ng agéﬁ@e%éwctﬂwaﬁcﬁﬁé‘ﬂé agfﬁlém‘s Gh%?a‘i’ﬁﬂzéd &F 22pplypreARatfdahsocatyt hoxyl i ¢
acid or derivabliGed %1 F@%?&c?@w‘éﬁ %@ntoﬁgh el Exof}fthé’rpoﬂy Bbledf R LdIRfatd 10

chl ori nat ed ana%og t efin nonomers from which the olefin
pol ymers are aaﬂzoxylmjacudhat decivativmats geagted eoxithmenRencde of fan oflefno pelymenOr car bon
at ons ang pre orabl Tfmrlo g about 300 carbon atonms. As noted above,
t he hydr 8arb “5‘§§ea ?uent R6 present in the Type |I 15 acylating
agent is derived mhermlemrefmdﬂomeisyﬁmswmch ahd olefinapadyinem adroglsrivddethanf . The

ultimately become RS are from 40 to 500 carbon atoms and preferably from 50 to
about 300 carbon atoms. .
As noted above, the hydrocarbon-based substituent RS present in the Type I
15 acylating agent is derived from olefin polymers or chlorinated analogs thereof. The
olefin monomers from which the olefin polymers are derived are polymerizable
olefins and monomers characterized by having one or more ethylenic unsaturated
grbup. They can be monoolefinic monomers such as ethylene, propylene, butene-1,
isobutene and octene-1, or polyolefinic monomers (usually di-olefinic monomers
20  such as butadiene-1,3 and isoprene). Usually these monomers are terminal olefins,
that is, olefins characterized by the presence of the group
>C=CH,
However, certain internal olefins can also serve as monomers (these are
sometimes referred to as medial olefins). When such olefin monomers are used,
25 they normally are employed in combination with terminal olefins to produce olefin
polymers which are interpolymers. Although the hydrocarbyl-based substituents
may also include aromatic groups (especially phenyl groups and lower alkyl and/or
lower alkoxy-substituted phenyl groups such as para(tertiary butyl)phenyl groups)
and alicyclic groups such as would be obtained from polymerizable cyclic olefins or
30 alicyclic-substituted polymerizable cyclic olefins. 'I'He olefin polymers are usually

free from such groups. Nevertheless, olefin polymers derived from such
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ol efin monomers from which the olefin polynmers are derived are

pol yneri zabl e ol efins and nononers characterized by having one or nore

et hyl eni ¢ umseat/usmt ed group. They can be nonool efini ¢ raTdagewsssuch as

et hyl ene, propyl ene, butene-1, isobutene and octene-1, or polyolefinic
nmononers (usually di-olefinic nononmers 20 such as butadi ene-1, 3 and

i soprene). Usually these nononers are termnal. olefins, that is, olefins
characterized by the presence of the group >C=CH2 However, certain

i nternal ol ef iinferpelymers|of bothek.3-dicnes and sbmnes such e betadiere- 1.3 Ghe 8tyi#BB OF ef er r ed

to as nedi al %%x%%@%&pggm\ﬁmy%ﬁeggﬁangt %@?&érﬁée used, 25 they normally

are enpl oyed | _ m nal “ol*éfins to produce ol efin
pol ymer s whi ch ar eGemiralyp dhey olefis . polyrbdro agh htihe- by dutapalyingts- & sedinal

substituents | so,i.ncl ude aromatic.groups (especially .phenyl groups
o over i kTR BierE o touf s S8 Bt 1 ERER atyR AP Vel SR o o
par a_(tert igry M%wﬁi&%ﬂyéelﬁfeﬁmthatwp%hm bﬁh@ﬁ@%@jn‘ﬁdﬂﬁ& 18&s goul d be
obt ai ned from pol ynerizable cyclic olefins or 30 alicyclic-substijtuted

pol yneri zabl e '&pétal eleBnesf| tig 1 wHcagon piomnspeipysitydheseof g i fopr cap@e from
such groups. Neyerthel ess, olefin polymers derived fromsuch 63 WO

01/ 14433 PCT/ US00/ 21834 interpolynmers of both 1,3-dienes and styrenes such
as but adi ene- 1, 3 aBpecificysxemplenof teyminal ard miediel/olpfin picpemens evlichacas, be

exceptions to i r [ | Ly i e hono-
or interpol yrréltﬁ'tl’sgil tgfpgg’ glr% m&l’ n%tIFﬁ“ ﬁ%} r orggliogly%mg? Ee’%ﬁlﬁggog%ﬁga}b%%%ygg%%u alisout 16
carbon at dors. i theDscylatiypiagals cdedds thib intentdre bienetinddng meropylese, dateeetied from

t hat group consjstjing.of horn- a i nterpolynmers of termnal .ol efins of.
Lo 1o St caPBISTE 2 SR Iene FEBERS T AP ircls SoRATeT InGetgts- - APeenl GRS Bt one.
Speci fic exanpk@eneod, $8pyikneaietramer, RdbLukylsNe fidoBui RO MBier, Whitsdienealy be used
to prepare the ol efin polymers from which the hydrocarbon based
substituents by@diee-1.Beregtficns 1 Agprapdinng Lds dépprimes hegdieaséat iZothlupe

ethyl ene, pr OmylagRf.1 ULERAN hepRHE-ENS-FelohgBUERL, SBRHEAGT dnidiexene- 1
heptene-1, octene-1, nonene-1, decene-1, péntene-2, propylene tetraner,

di i sobut ykene styresedivinylbanenet ui vingecetdtait adilgne-alcobol, but-adihglyinylac@ate,

pert o en . Lo ity 0RG0A B0 RN onc O B e

3, 3-di met hyl - petmtydiydrotarbyl monomers are more typical and the terminal olefin monomers are
especially typical.

Often the olefin polymers are poly(isobutene)s. These polyisobutenyl

20 polymers may be obtained by polymerization of a C, refinery stream having a butene

content of about 35 to about 75 percent by weight and an isobutene content of about

30 to about 60 percent by weight in the presence of a Lewis acid catalyst such as

aluminum chloride or boron trifluoride. These poly{isobutene)s contain

predominantly (that is, greater than 80% of the total repeat units) isobutene repeat

25  units of the configuration



15 styrenedivinyl benzene, vinylacetate, allyl alcohol,

1-rnethyl vinylacetate, acrylonitrile, ethylacrylate, ethylvinylether and
net hyl vi nyMeMad#d3 O these, the purely hydrocarbyl no 6#@‘}5@'/ F¥ nore
typical and the termnal olefin nononers are especially typical. Oten the
ol efin polynmers are poly(isobutene)s. These polyi sobutenyl 20 pol yners may
be obtai ned by polynerization of a C4 refinery stream having a butene

content of about 3fheth9dRBALYI-sdBstiRRECRBINIE YeyMRingAEerd ikepBsdn@BYREARI CoNt ent
of about 30 to about 60 percent (l%(well ght in the presence of a Lewis acid
Prcfexegy! S

catal yst suchcongins hydrasarpyls Ay g Potf aDpRtr40y efterghoutrfls S@ about
pol y(i sobut engy;s seg@é}hﬁ‘ésnabo{%{ §&9M§Htaka£1g( LD, Pat: NS £8£43 Fi*aaé%gé% %Of t he

total repeat unit I sobut ene repeat units of the configuration CH3 |
CH2 -C | CH3c@oryed bareinz33fcrdte fof 96 Glis2lb8dd of prockdmiesdfornthe \preparabion i t ut ed

SYect M 301 I, ASRR RSB STE R, 200 B 08 Bliiec™ Y
someti mes abopiepadéitherefiolaon atons. U.S. Pat. No. 4,234,435 is expressly
MR N Ly A T e e R
agents and di gBRicSaihydride) medaé Qid! e fRhARINacid NQitl MR aldre-38s6itedi Slefiei d
acyl ating agents can be made_ by the reaction of naleic anhydri de, maleic
aci d, or funmaPdynecpy isvshavn iethes pateatsqeebenied je cRbeyve f in:nquBy,yti:rerr,eacagni s shown

In the papent §,068EhilY HeidbBY fvo r@?&ﬁﬁ@ét'a%em@é}%ufee?%ghﬁrls% 36(‘: Ry €S

nerely heating the two'reactants at a tenperature o out 15 to about
200C. M xt ur e2005€. Mixwees pbthgseepolyanenik efefing as well aemixtares of these uasatuited hese

ety ated e R, AR BRI gufbl dpacan ol 20 e vsed. 0 anotier
succi ni ¢ groups wlieraaothert émbiithatt, the @gpe Jraylpsng agend esrisisesdoff substituent
groups and succinic groups wherein the substituent groups are derived from
15  polyalkenes characterized by an Mn value of at least about 1200 and an Mw/Mn
ratio of at least about 1.5, and wherein said acylating agents are characterized by the
presence within their structure of an average of at least about 1.3 succinic groups for
each equivalent weight of substituent groups.
The Type 1 substituted succinic acylating agent can be characterized by the
20  presence within its structure of two groups or moieties. The first group or moiety is
referred to hereinafter, for convenience, as the “substituent group(s)” R® and is
derived from a polyalkene. The polyalkene from which the substituted groups are
derived is characterized by an Mn (number average molecular weight) value of at
least 1200 and more generally from about 1500 to about 5000, and an Mw/Mn value
25 of at least about 1.5 and more generally from about 1.5 to about 6. The abbreviation
Mw represents the weight average molecular weight. The number average
molecular weight and the weight average molecular weight of the polybutenes can be
measured by well-known techniques of vapbr phase osmometry (VPO), membrane
osomometry and gel permeation chromatography (GPC). These techniques are well-
30  known to those skilled in thé art and need not be described herein.
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15 pol yal kenes characterized by an Mh value of at |east about 1200 and an
MV WMn ratio of at |east about 1.5, and wherein said acylating agents are
char act eri mamhinyssthe presence within their structure ofCEHNSHAPBAge of at
| east about 1.3 succinic groups for each equival ent wei ght of substituent
groups. The Type Il substituted succinic acylating agent can be
characterized by the 20 presence within its structure of two groups or

noi eties. The fi rs@hggeggngt$§u enitrﬁ%i?t(g %rﬁ&%ﬁegﬂataﬁ?tﬁle ﬁ’écﬂ@g %‘%% faor

conveni ence, as the derive

pol yal kene. T%cmmgferpsafcmwm}Mwesubwmmmduxgr oups are der| ved
is characterized by an Mh (nunber average nol ecul ar wei ght) val ue of at

| east 1200 and nore generally from about 1500 to about 5000, and an Mw Mh
value 25 of at |east about0l.5 ar@l nore generally fromabout 1.5 to about
6. The abbreviation Mv refprdsdntis the wei ght aver nol ecul ar wei ght. The
nunber average nol ecul aX—GelCgii—@n& t he wei ght av e nol ecul ar wei ght of
t he pol ybut enes can be neasur €d by wel | -known techniques of vapor phase

osnomnet r VPO r 0 and e atio raph
(ZPC) yeée t")@cﬁ gg’é‘gﬂ chsﬁéﬁme 0’3%}?%%&’%‘1%5& OE‘;‘(P#QB‘{g ISISH%' arpt yand
need not be deiws thd FepehEI Rbtitutbd s\l AdAda3 agsﬁfldadmu%ﬁ%%mmgmsecond

group or noiety is referred to herein as the "succinic group

succi ni ¢ gr oufsyiaing 2gends Thgt Sussdeastane L€ Xeite 26 dnusi be fish dia eh?tsa?%lmw o
X--C -G -G C Xefdting! agént%aﬂ"@&ﬁxeé:ﬁdé SNGnite s Quilth Gnd BBrvAke RhlddBrLn

provided at |east one of X 1s such that the Type Il substituted
succi ni ¢ acyl &Pllmgﬂfa?gbnﬁafmhff un@dl aaylatingc aagewiry | | Clransesierificatiep ageint s. That

|s, at |eggt %Q&sa&ana o actiond 434 Qr?su?muetcdh ilop%xr%o?%le Pl t:ﬁ@eﬁ?en agyl ating

agent can torm am or am ne sal rwi se function as a
conventional camlengal aylatngieictiansy | atl ng agents. Transest er| fication and 10

transai ni dation re consi fog d f ventl on,
as conventi onal a@@‘f ﬁﬁi?cfréfac‘tsl‘ﬁﬁ _éChg‘#B‘?ag‘?y _8 %é?
- 0- hydr ocar by lrepreseses bhe stfaRERNINS a thétid] m&h@n@am&euaml emﬂz,o#ca ~TBet al
anmoni um or am ne catiqgn, -NH2, --d

and together, X and X’ can be —O— so as to form the anhydride. The specific

15 identity of any X or X" group which is not one of the above is not critical so long as

its presence does not prevent the remaining group from entering into acylation

reactions. Preferably, however, X and X" are each such that both carboxyl functions

of the succinic group (i.e., both —C-(O)X and —C(QO)X" can enter into acylation

reactions.

20 One of the unsatisfied valences in the grouping

|
—C—C —
|

of Formula VI forms a carbon-to-carbon bond with a carbon atom in the substituent
group. While other such unsatisfied valence may be satisfied by a similar bond with
the same or different substituent group, all but the said one such valence is usually
25 satisfied by hydrogen; i.e., —H.
The Type II succinic acylating agents are characterized by the presence
within their structure of 1.3 succinic groups (that is, groups corresponding to

Formula VII) for each equivalent weight of substituent groups R’. For purposes of
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and together, X and X can be -0- so as to formthe anhydride. The specific
15 identity of any X or X group which is not one of th LS not
critical s%'qoé'ﬁ‘w S its presence does not prevent the ﬁ’gﬁgfgﬁ'?ﬂgﬁgroup from
entering .into acylation reactions. Preferably, however, X and X are each
such that both carboxyl functions of the succinic group (i.e., both
-CG(OX and -C(O X can enter into acylation reactions. 20 One of the
unsat i sfi ed wals@mMeaton, thd Mentgr ofigjuralenOweight of substitbent probps R4 isldetroedrs a

car bon-to-carbon bond with a c%'r?gon atomin the subst.ituent Wi | e

ot her such urf@&ehermuabercomesponding (o e auohentohiape viding;fhe yin %@ﬁg B{Ni th the

sanme or diff epenblyabst frbHaMicd iHeURbstAldnt RHEerivBe iRtaite @@ wdigh ofahence is
usually 25 sati Sfyl ed by hydrogen; i.e., H The Type |l sucgcinic acylating

agents are chwbsiiteent groups ppsephin the sahstiwied sUPimF Acyiatiogagents. (T € th 1. 3

succinic gro ( e r.espand) t : r each
equi val en \/\/euf)g)ﬁtIi E?écg{d g%’?%h&gn °'§9%S§§9%%¢°Eg’r" ﬁﬁﬂ‘ggﬁg@ﬁf\éh%%&%ﬁ)oy 14433

PCT/ 1 JS00/ 218gdup vbhH#d00thashthedvin valke foruth @olyalkeregfromavideht thaesubsittuest
substituent groups R7 is.de d, t t y e I t he
quoti ent obt a?ﬂ'é% aﬁilzed}v\?fidﬁ %gﬁt fhen ﬁ&%‘%&feﬁg 5 SHR?%?&%‘%@%P’E%%&%’%‘%S whi ch

t he substi t ue¢Hardcrigka) by & dotalnéfo20t (40,0002000=20) giiivabdnt weizhtssaftrabstitapant gr oups
present in the substituted succinic acylating . agents. Thus, if the 5 Type
I succini ¢ aggvRR | Reprelgeenthal el Ly, I sucrinig Sy adieapeciicingh lig oo
substitugpt gapeRidd BPHEPesertd wilken b sthdduit® of Qf lehdi@6RabyTt Igedips fté om whi ch
the substituent groups are derived is 2000, then that Type |l substituted

succi ni ¢ acyl mestiege . meqpigem@_ﬁpa}fél@ptrpfvplzsggpiqjy agylatigg ggengseof sis invention.
(40, 000/2000=20) eghtiyal; 'mﬁﬁht?ﬂ}ﬁheo‘fl’yp%uﬁséuhéiﬁ@%?daﬁ{ wffs il iRdiaher e, that

particular Type Il succin ¢ acylating agent nust also be 10 characteri zed
by the presensbstituteht groupt B’ must hevaheen dérivad fiogna polpadkeng chdranterizgd BYpR t o

neet one of t uire S, Qf novel succinic acylating agents of this
invention. Al &y 4“5&’3?‘?%%%0‘1% d?' the Type Il succinic acylating agents

i s that tise subst iPRdiyatiehegiaving thé/Mmasd Mvwavauds disousied aboeelart koowmintbe yal kene
characterized by an Mv M value of. at | east abgut 1.d5.
art “and can be prepared according to conventional procedures. Several such
polyalkenes, especially polybutenes, are commercially available.
In one preferred embodiment, the succinic groups will normally correspond
to the formula

— CH-CO)R | )

20 _ CIIHz—C(O)R'

wherein R and R are each independently selected from the group consisting of
—OH, —Cl, —O-lower alkyl, and when taken together, R and R are —O— In the
latter case, the succinic group is a succinic anhydride group. All the succinic groups
in a particular Type II succinic acylating agent need not be the same, but they can be

25  the same. Preferably, the succinic groups will correspond to
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15 Pol yal kenes having the Mh and Mwv val ues di scussed above are known in the
art and can be prepared according to conventional procedures. Several such
pol yal kenesyo egneii al | y pol ybutenes, are comrerci al | y awarlapl/assi n one
preferred enbodi nent, the succinic groups will normally correspond to the
formula -CHC(OR (IX) 1 20 CH2-C(O R wherein R and R are each

i ndependently sel ected fromthe group consisting of -OH -d, -0-Iower

al kyl, and when taken together, Rand Rare -0-. In the latter case, the
succinic group is a succini C/thydri de gr ou,;rp Al'l the succinic groups in a
particul ar Type I s.uc&hr_l_i_cc aayjl_f:lti Rgcagent ~keed not be the sane, but they
can be 25 the same. Preferably, the gucci nic/gj?oups will qgsrespond to 67
WO 01/14433 PCT/1JS00/ 834 S0 O _. CH &+ COH .. . CH- C -OX H2
—--C/'r () CH2-C-QACN\ O (A (B) aM mixtures of (X(A)) and
(X(B)). Providing Type Il sucd®nic acylating agents wherein the succinic
groups are the sane or different is within the ordinary skill of the art
and can be acconplished tH ough conventi®hal procedures such as treating 5

t he substituted ,succini at i e .t:h | wes (f.or

hydr ol yzi ng tha‘end %u%ﬁl;ge r d@&%(b atnﬁg%ge%%il%n%r eogvsé?%#gﬁcﬁ%%r&%ggrgs acid to
an aci d chl or i wlkersih the subginiogroups ik ciiel denp oadiffessnt Seliedd thegrdilhey adfrobpri at e
mal eic or fumaric reactapts. As_previously nmentioned, the mi ni num nunber of
Succi ni o gr oup® FBASLARNbe AtsampLiPeR inrQiEh Ge egHons) BECHUR L FORFPE 1. 3.
The maxi mum nuRb elibsHRRAT sabdidic bk Ating beemd the @I RB AR exBhgk SHyalYzidgh@e M ni mum
will be 1.4; usually 1.4 to about g succini c groups for_ each_ equival ent

wei ght of subsafydiidato thedgp acid o emyatingibe freairiq 102 acid chiogideivits tienfleast 1.5
to about 3.5, AfidEPIR/HPSN&LAL hY 25RO atelmaeit 8r RRAHE redornts.

As previously mentioned, the minimum number of succinic gronps for each
gquivalent weight of substituent group is 1.3. The maximum number generally will
10 not exceed 6. Preferably the minimum will be 1.4; usually 1.4 to about 6 succinic
groups for each eguivalent weight of substituent group. A range based on this
minimum is at least 1.5 to about 3.5, and more generally about 1.5 to about 2.5
succinic groups per equivalent weight of substituent groups.
From the foregoing, it is clear that the Type II succinic acylating agents can
15  be represented by the symbol R7(R9)3, wherein R’ represents one equivalent weight
of substituent group, R’ represents one succinic group corresponding to Formula
(VID), Formula (IX), or Formula (X}, as discussed above, and y is a number equal to
or greater than 1.3. The more preferred embodiments of the invention could be
similarly represented by, for example, letting R and R® represent more preferred
20 substituent groups and succinic groups, respectively, as discussed elsewhere herein
and by letting the value of y vary as discussed above.
In addition to preferred substituted succinic groups where the preference
depends on the number and identity of succinic groups for each equivalent weight of
substituent groups, still further preferences are based on the identity and

25  characterization of the polyalkenes from which the substituent groups are derived.

68



succi ni c groups per equival ent wei ght of substituent groups. From

the' foregoing, it is clear that the Type Il succinic ac ' ents can
15 be rept‘%‘%g‘r’l‘t“é‘ﬁ by the synbol R7(R9)y wherein R7 reprﬁs@h#@ggﬁg

equi val ent wei ght of substituent group, R9 represents one succinic group
corresponding to Formula .(MIl), Formula (1X), or Fornmula (X), as

di scussed above, and y is a nunber equal to or greater than 1.3. The nore
preferred enmbodi mEWth respedt lethie valea bf Bin fonexahpleea menimuireof] apoutBPPa@nént ed by,

for exanple, lettin an represent. nmo referyed 20 bstituent
groups and su?@*%‘@gﬁﬁ%ﬁb%%oﬁgéﬁp%g%ﬁfgww a’ééﬁh a%‘éedgéé%mé' %%t\?#%lﬁgtiugr ei n

and by 1 ettingsdd 1560 weabsihit 3000 aky béifig Prefedidd.S At PrterrddMAa daliné isamet 0
preferred substituted succinic_groups where the preference ends on the
nunber and i diribe fapseet fsere abayt E500 te ARt £80. SomASTREITRS AR qﬁS’ferueaf ’
substituent ofOugs Rt libod W LbGR 206! CRARCEAyiAe IRl BreféiRa [ LY and

25 characterization e polyal kenes from which the substituent groups
are derived. maSmu@ Gdveldrds ibppUS00and geespeciglly profersqdaengetad Mmmealyes| ue of
Mh for exanple,.a mni f 800 and a maxi mum of about 5000 are-
preferred wi tf‘ffgﬁnﬁ%ou\k/a uetgf“‘?\(’%?%éﬂof ange of fromabout 1300 or 1500 to
about 5000 al so behAsg the ehlecs afdhe AtioiMvwe/Mr, dfeer are dlsiviseverdl peeféreedonalues.i n t he

range of fromabout 1500 to gbout 2800, .A nost. preferred.range val ues
5is from abo&%ﬁ“ﬁw@&%ﬁ u?ﬁ%f’“\/&ﬁ%%ﬁﬂ%&%ﬁ&?ﬂgﬁﬁf §§Becqf§;?'13\/{h
preferredig M RigiyRovadbates.6 Ao béing prefbed! AltIOmanrcréeferabmpértnainl waluer«f er r ed
range of Mh values is fromabout 1700 to about 2400 to the yal ues of

As
the ratio Mv M#/Mmés abo 2.Gifie; @bt As} also heingop (hseferyed range- AR &PSHANmM My vh
val ue of aboutelerfdinginifunl FAEES Mivilin & HERSS Sith X?dn?@ﬁf@ue@!@?kﬁout 38 1.8 up
to- about 5.0 Tso being preferred. A still nore preferred m ni mum val ue of
MV Mh is abouto gboBt 4.0 also h¢ingiespaciglyqreferrgsei ng a preferred range. An _
especially prefer 1 Ni . ' Libnign fnge of
val ues of about 2_g@%@ﬂg@gg&g};!&%ﬂgﬁx’gﬁm%%dég%g@@g{q(%reggfg@e%g%_ Bef ore
pr oceedi nip t o sebstituenth groups sweudeded, @f shdwld pol painted s thatotheschprgferredde 15
substituent grpou ar.e i ved,~it .shoul.d. be I 2
preferred ch&ﬁﬁgﬁ%ﬂsﬁgﬁ %ﬁ'@e ﬁpet%%ucﬁ‘glﬁeag}dg“%a g’?’ﬁ%q%gy &t (I; E‘gﬁ%&éiﬁ%? are
I ntended to bas beidgbsthdadbpermisntmidrigpdrdedt. i Thelg preridendedan bedejepentient in They

are intended to be inde enden} in .. -
the sense that, for example, a preference for a minimum of 1.4 or 1.5 succinic groups

per equivalent weight of substituent groups is not tied to a more i)referred value of

20  Mn or Mw/Mn. They are intended to be dependent in the sense that, for example,

when a preference for a minimum of 1.4 to 1.5 succinic groups is combined with

more preferred values of Mn and/or Mw/Mn, the combination of preferences does,

in fact, describe still further more preferred embodiments of this component. Thus,

the various parameters are intended to stand a16ne with respect to the particular

25  parameter being discussed but can also be combined with other parameters to

identify further preferences. This same concept is intended to apply throughout the

specification with respect to the description of preferred values, ranges, ratios,
reactants, and the like unless a contrary intent is clearly demonstrated or apparent.

The polyalkenes from which the substituent groups are derived are

30 homopolymers and interpolymers of polymerizable olefin monomers as disclosed

within RS above.
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the. sense that, for exanple, a preference for a mnimumof 1.4 or 1.5
succi nic groups per equival ent weight of substituent groups is not tied to
a nore prefwonegd4izal ue of 20 Mh or MV Mh. They are int ePdg@SpWRIBE dependent
in the sense that, for exanple, when a preference for a mninmumof 1.4 to
1.5 succinic groups is conbined wwth nore preferred values of M and/or
MV WMn, the conbi nation of preferences does, in fact, describe still
further nore pr_efermugﬁle e MSPd B sedcididhcy 1 OEPERE Jhe of MUR. of thdgbov@r i ous
paraneters are _intended to stand alone with respect to the particular 25
par anet er bei ngesEiEdRolalrerAg s Batiedal iEponseor sih prdie TRAFERS SM1rGd fFUR Mifet ers to
identify furth . i B SmsadR d ]Ja'm d to apply

t hr oughout thegoggéﬁsﬁlggﬁﬂmgﬁtiﬁmr espaeééigﬁsf%%eh"eeﬁeesc@g?i on of preferred
val ues, ranges, ratios, QM H=CHAGEEKNe |ike unl e§8Da contrary intent

is clearly dempnstrated, Qr _apparent., Th ol val ke f rom.whi he
substituent5dgrz')7"'?}%E mg}?ém%gi e% dz;egged %ex%gﬁg%oﬁvﬁg&gfgﬁﬁ%fgpégqré Srs of
pol yneri zabl e gdagbitnwilDBOsTR LS mdf odinpEinas estrespinitihigio fR6 fahake. 69 WD 01/ 14333
PCT/ US00/ 21534 I n prepari ng the_Type 1| succinic acylating agent, one or
more of the above- descriB éo)ﬁﬁ}b‘éﬁ?ﬁ@%“i S reacted one or nore acidic
reactants sel eghedin® AR KR as@:Eé%&Hﬁsl%@E&%ieé%x@ﬁ. erdiﬂ&h?,' the PhlefcWiRIth&ic,
reactants of the general formila X(O C-CH=CH-C(Q X" (XI) 5 wherein X and
X are as defi ragattewd] poepleic acidHuppse e, ynaldieanhuidec onmenstypraf (o or

reactants || r Rondi t e f a

RC(O - - %—I— - %J(%%)Eg : :Xsi'l ?ﬁ@l\%ﬁgi?g%&&@gﬁdg%{y?as pr%ﬁ %185@3&(3&%'{&;‘%% her ei n.
Ordinarily, thbecredeethe fonmef arrambe readilycavaibbde wid krebén geresil,cmerei madifyumar i ¢
acid, maleic anhydride, .or i xture of .t or, 10.npre of these. The maleic
reactants are ﬁgéﬁ‘?l‘ﬁ'l‘ﬁwﬁ 851.?/ gy &PT ?lﬁ%va\ﬁg%megeopegctpéeﬁgg Q’Beﬁ s€ the
former are noreubseat|siconi@bdydtng agindl IThe espefialliepefedtd raibhils LRAGEY
reacted with the_polyal kenes (or_derivatives thereof) to_prepare the Type
Il substitut eBFiSUBREFK; W&%‘Wa?’?%@“’é&@rﬂf. thesge Q&?)é‘biaéiﬁa?h 81k FRse Pt
reactants gy e PRL@ICmaRfeiadhydfBl GilCusdtlh@foyednd m xture of these. Due to
availability and ease of 15 reaction, naléeic¢ anhydride will usually be
enpl oyed. The one ofhen@necor pefiry aplxdkrass aonsre ropre minlaic pafistagic geactanivar i c
reactants

can be reacted according to any of several known procedures in order to produce the

Type 1 or Type 1 acylating agents of the present invention. In preparing the

succinimide dispersant, the hydrocarbyl substituted succinic acylating agent is
20 reacted with (@) ammonia, or (b) an amine.

The substituted succinic anhydride, as Type I or Type 11, ordinarily is reacted
directly with an ethylene amine or a condensed 'polyamine although in some
circumstances it may be desirable first to convert the anhydride to the acid before
reaction with the amine. In other circumstances, it may be desirable to prepare the

25  substituted succinic acid by some other means and to use an acid prepared by such
other means in the process. In any event, either the acid or the anhydride may be
used in this invention.

The term “ethylene amine” is used in a generic sense to denote a class of
polyamines conforming for the most part of the structure

30
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can be reacted according to any of several known procedures in order to
produce the Type | or Type H acylating agents of the p fqayention. In
prepari ng Yo®/MeXcci ni m de di spersant, the hydrocar byl gﬁﬁg |?h§£d succini c
acylating agent is 20 reacted with (a) ammonia, or (b) an am ne. The
substituted succinic anhydride, as Type | or Type Il, ordinarily is reacted
directly with an ethylene am ne or a condensed pol yam ne al though in sone
circumstances it may be desirabIeFEPKGHJ?dNHbﬂWert the anhydride to the
acid before reaction with the amne. |Inged her circunstances, it may be
desirable to prepare the 25 substituted guccinic acid by sone ot her neans
and to use an acid prepared by such other neans in the process. In any

event, either_ the acid or. the hydri d Re used in this invention. The
term "et hyl ent® ¥hicheis;a8 1pEeq q?':}mén ééﬂgr @%eﬁ%énﬁﬁ‘ybéﬁ%? §°%¥m8f’53£'50f |
pol yam nes copfeédMatdhsl 6 %&%eﬂpsqh@ﬁﬁﬁ iRfudbd) o tekathple Ethgiene’ Giah&)1/ 14433
PCT/ LJSOQO 21834 H2 N( CH2CHN XHRL in which x is an integer of from1l to
8 and R105i s disthylerytrignideptrictilens Hiagine, setractylsnh pertgmimeoPeRAlEgeNn. Thus
it includes, L@{mﬁﬁ@m OTheSd BhRRdOLR i Esse P iflidtid et &yef A hddBing

triethylene tetramrie, tetraethylene pentam ne, pentaet ene heXam ne,
etc. These colitbylaus Asiresdinsneyadepedia of (Chemical Tedhnalogn! KitkecandQimey

"Et hyl ene Anmines: in " | .opedi a e qal. Je oY Kir d
Gt hner, vol .Vgl; S’Ff’aaé%ss@g%-gdg ,sc’lcﬂ‘feerusbg%heeﬁsc&eh%ﬁu%?r?i]?e%b g,yﬁgvflo%’r% %@1950).
g_ucﬂl co_rrgounpltsrepwpareﬁmaﬁogdgrmmh_ ybgdre\teamd ''ehmbfe;th;lmt,no:td!inslmkmﬂat‘h &ﬁlhcammcid niet hy:cene
i chloride wth anmoni a, This procedure results in the pr ction o
somewhat '_(90 mp &% PReceiyTP é"§'}'fff m éfP"nEfB‘é'ﬁ’Em afﬁw,%aﬁ ‘f?@?"hﬁ}i ’H’@‘“Eéj)sc(%i etgjk\ytlene
condensati on phHARCINGLAIAE NcydBic RoRBhation Sfroditts EUtAS& pipedbineeand i Bgkeuse in
this invention. On the other hand, quite satisfactory products &é be

ful

obt ai ned al somstuges findyse iy thispyentieny Oatbe gtheikand, gyife satidestory |pjo

et hyl ene am n frar O, C ef f L a
i sper sant { 2o BOUFRINS By oRpERTAS cliplhe Bkl o rESIRN pah

e am
Car bi de and i dtbylend amoide for reagonspieconamhy atwelbasefigetiveness app dpBosadl iyanmi ne

bottoms and 23X e of ethylene amines manufactured by Union Carbide and identified as
“PAM-H”, which is a mixture of 75% polyamine bottoms and 25%
diethylenetriamine.
It has been noted that at least one half of a chemical equivalent amount of the
ethylene amine per equivalent of substituted succinic anhydride must be used in the
20  process to produce a satisfactory product with respect to dispersant properties and
generally it is preferred to use these reactants in equivalent amounts. Amounts up to
2.0 chemical equivalents (per equivalent of substituted succinic anhydride) have
been used with success, although there appears to be no advantage attendant upon
the use of more than this amount. The chemical “equivalency” of the ethylene amine
25  reactant is upon the nitrogen content, i.e., oné having four nitrogens per molecule
has four equivalents per mole.
In the reactions that follow, the amine is B’NH, and it is understood that the
B’NH, is an ethylene amine of the structure H,N(CH,CHNH),H wherein R'® and x

are as previously defined. |
30 R"
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di ethylenetriamne. It has been noted that at |east one half of a chem cal
equi val ent anount of the ethylene am ne per equival ent of substituted
succi ni ¢ anWpdniteids nust be used in the 20 process to prbdUugNnAI834
satisfactory product with respect to dispersant properties and generally it
is preferred to use these reactants in equival ent anpunts. Anounts up to
2.0 chem cal equivalents (per equival ent of substituted succinic anhydride)
have been used with success, although there appears to be no advant age
attendant upon the_use of re than this anount

“equi val ency” of P AoB LG AT 254 s S BTS St G 5ot el B £5PRE
content, i.e., cOutidngtenbc MU thidiviated GSRMOPERT as 1Dk S6rie8. PR&SmILNY heefied val ent s
per nol e. In the reactions that follow, the amne is B3NH2 and it is

under st ood t haPrifgieal wmthasocaﬁrSequWémesa&ﬁPwn@m is the formatiop pf @ half

H2N( CH2CHN erein RI0O and x are as previously defined. 30 RL 71 WO
01/ 14433 P !( SOO 21834 The reaction of the process involves a splitting
out of water and the react@on conditions are such that this water is
renoved as it is forned. esunmably, the first principal reaction that
occurs, follow ngRsa’rQHﬁor‘ﬁ%bon is the formati on & -acka-fcodygani de 0 11
R6 -CH- CR6 --~ CH-[— COCH O+ Hztf\B,a\IEEHZ“NI—‘?”ll a ¢ fol | oned then by
reaction of the acid fand am,de functionalities to form €Hg Inimde. O
R6 -- CH - COO—IRGfICHZ-—-GT‘f—i C!1 310. 3 CH2 -CNMN -- Bl oo

0
O

followed then by reaction of the acid and amide functionalities to form the

succinimide.
6 H
R -—-?H—- COCH R® —CH —C
~
CH,—CNHB® > N —B’ +H0

i s
s CH,— ﬁ?
10

The first reaction appears to take place spontaneously (when a substituted
succinic anhydride is used) upon mixing, but the second requires heating.
Temperatures within the range of about 80°C. to about 200°C. are satisfactory, and
within this range it is preferred to use a reaction temperature of from about 100°C. to

15  about 160°C. A useful method of carrying out this stép is to add some toluene to the
reaction mixture and to remove the water by azeotropic distillation. As indicated
before there is also some salt formation.

The overbasing procedure of either the Type 1 or Type I succinic dispersants
is similar to the overbasing of the amine as described above. The dispersant

- 20 overbasing also involves an excess metal, an acidic material, 2 promoter, and a
reaction medium. For the dispersant, the preferred metal for overbasing is sodium.

A specific example for the preparation of a succinic dispersant utilizing the

Type I succinic acylating agent and then overbased is as follows.
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El / 0 CH2--C 10 0O The first reaction appears to take place spontaneously
(when a substituted succinic anhydride is used) upon n], ./H m{.ﬁ t he
second rediR Péd4¥eating. Tenperatures within the range %t %.B/zu 80C. to
about 200C. are satisfactory, and wthin this range it is preferred to use
a reaction tenperature of from about 100C. to 15 about 160C. A useful

met hod of carrying out this step is to add some toluene to the reaction

m xture and to renove the water by cofS @Rl.g distillation. As indicated
before there is also sone salt for n%él %n.&%e over basi ng procedure of
either the Type | Ampolyyyobutkhyl Suinic)anhydiidepieavirgndnsacid sumbarioff 400 @od ehe

over basing of the am ne as descri bed above.. The di spersant gverbasin
al so invol ve_se‘ﬁ’hvag%egg’gﬁet"gl ?ébaﬁvaécp’ifﬂfe(ﬁatfyer %I A Br 8ﬂoat ecf%?onélﬁt da )
reaction medi ylyisdttyléndgnalifpReravérate mblbeulddivedigit bETl05®dndla chdiinevenéasi ng i s
sodium A speclfic exanple for the preparation of a succinj¢ gis «?rsant
utilizi ng St heof 49 apd ﬁ}hﬁ’d%ﬁ?yl"é{?ﬁﬁx‘&ﬁ‘e?ftmgﬂ@af‘%@ﬂ \PgthSg \‘-}8& s as
fol | ows. 72 cggfc%ﬁé&£%d[6%§%g L8 3neriP @R WR3ddld A pnbyicsalgt eny!
succi ni ¢ anhydride having an aci'd nunber of 100 and an equival ent wei ght
?L 560 was prpgaradnbsthylére amine miixsnrecivaitabishfrom; Yeioe Farbidsl yndeoHgttyadene
avi ng an avera l.ecular wel 0, Nolst 5 of
5,399 and mal BFE ANeR g pRuhert e 1350 S AL} AP L AR AR
pgljy:jsobut enyformsdiGai thiCreactfoydr iNdeogan dwixb Dubkied shofighvithee maiktuod [at tthisr e was
added at 65-95C. 149 parts of an_.ethylene api ne mi.xtur.e avai l.e from
Uni on Car¥} de'HRGRHE “f‘}rﬁffgmvaé’rfr&e'q%ﬁﬁ?‘ﬁs .opq‘flﬁﬁe% eﬁ%&“ee e u%ggyheat ed
to 150C. to disbikd bylwkighi of MfeBbieand te¢ 6 dolufion Refotnt iava a diirégengen was
bubbl ed through the m xture at this 10 tenperature to insure renoval of the
| ast traces ofoni@ef2.3%he residue was diluted by 74 parts by weight of
mneral oil and thhgedxd, %&I&ﬁ&kiﬁﬁgmzt?%w /£ edhiviidnts) O fhe dbBiE-ent of
2.5% Added to a 3 (lltetr a4 neck flasli I's 1422 pggr/t g‘ﬂ](IZ.SSuni \?al ents) of
t he above- obobtained T¥yepkdispearasty 39 parts of pplyniprydens fetepmss Fuhstigiedl nhawolt et r amer

substi tut Fﬁd prM parts of the above-identified polyisobutenyl succinic anhydride. The contents .
are heated to 100°C. and added are 40 parts (1 equivalent) of sodium hydroxide

pellets. The contents are carbonated below the surface at 1 cubic foot per hour for
45 minutes. Then three 120 part increments of sodium hydroxide are added with
carbonation continuing at 1 cubic foot per hour for 1 hour, 1.5 hours and 1.5 hours
20  respectively. Before the addition of the third increment, 275 parts of diluent oil is
added. Then 100 parts of sodium hydroxide is added while carbonating for 1.5
hours. When carbonation is finished, 75 parts of diluent oil is added. The contents
are vacuum stripped to 140°C. and 20 milliliters of mercury. Total water obtained is
90 parts. The contents are filtered to give a product having a % Na;SO, ash of 31.42
25  and a total base number of 310.
A specific example for the preparation of succinic dispersants utilizing the
Type II succinic acylating agent and then overbased is as follows.
Example (B3)-2
A mixture of 510 parts (0.28 mole) of polyisobutene (_I\Zn = 1845; Mw =
30  5325) and 59 parts (0.59 mole) of maleic anhydride is heated to 110°C. This

mixture is heated to 190°C. in seven hours during which 43 parts (0.6 mole) of
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15 and 50 parts of the above-identified polyisobutenyl succinic anhydride.
The contents are heated to 100C. and added are 40 parts (1 equival ent) of
sodi um hydreaids43spel | ets. The contents are carbonat ed FETEERYHE4surface at
1 cubic foot per hour for 45 mnutes. Then three 120 part increnments of
sodi um hydroxi de are added with carbonation continuing at 1 cubic foot per
hour for 1 hour, .1.5 hours and 1 5 hours 20 respectively Before the
addition of the third increnent arts of diluent Then

100 parts of s%‘é‘?o&?ncmﬁ?eo%l afdeq g“'n& fifare A4r88ndta” ﬁg 2R 6‘?“10”5‘9? ours.
When carbonat i gmsi®.16 'n'iBl@)h&dahIJrﬁieHQraH&doéveij|5Ul§ﬂ&s Oithe irSacAcid 8fkturENe

contents are vacuumstripped to 140C. and 20 mlliliters of mercury. Total
wat er obt ai nedstiipped 8P henting ot 19PR49%6nwith nisroganeblewing dercld }tOGISg iTpe residge oduct

havi ng a % NaZ?%eT e chﬁéol?%olﬁ&ne %st&%pare&é’ tﬂaLucQ ?ﬁ SH 59 h A

speci fic exanple aration o ccinic % ng the
Type |l suéci niaporafigatiot equivabegemimancd mmuctammwmpmemmm Exanpl e

(B3)-2 = A mxture, of 510 parts 8 | e) ol yi uten 1845;
R 30 5325) and. 5o PN it BRBESAY B¢ BRI 10 AP IR e eRrheby « o

110C. This  m ognthegciblsmiraré ofl ethle anhiflesSIRVRE dBOSH B 16lUBdun g0 Witkagbn 43 parts
(0.6 nole) of 73 WD 41114433 PCT/ USQO 21834 aseous chlorine is_ added

beneath the su¢atEer melecyige 3 Borarts ghming ol atalol prts (P eguivgeaboliBr e) of

chlorine is adéiﬁ&uﬂé!ﬁuc@iné a@? Iﬂ%rép%%&%&@ afl 38T Erhk Feacd MiRRE DY
heating at 190-193C. with nitrog e I"'om ng for 10 hours. The residue is

the desird@ pds 9%@hgtléﬂ°§- srubépmrs m@ﬁnmw Mo“smgzmthmroa@yl’atmrn@ua@ent
P e o SRRAL 300 LOUL R 0k BUEFoRliaRS: A8 adlilepfhged bY ASTM

procedure D-9 ure | prepare |on 0 parts (0.25
equi val ent) of a oﬂmmmhamﬂpmniuct wlﬁepﬁreﬁm;ﬁsén@eabﬂi;m%aneﬁﬂ}bwmgngeabout 3
to about 10 nitro 5 nol ecul e to 113 parts of mneral oil and
161 parts (0. 28%% gi’fﬁ?g r@ @3!%"11 substituted succinic acyl ating agent

prepared above at 1:8%5&: T&'lgrebﬁ@%é gidtalcodeaifigy %@lyhii:r Redb&lich of 1o Hetat i N 2
hours and strlpped y blowng with nitrogen. The reactlon m xture_ is

filtered 8 vyi %’Pﬂ’aﬁﬁﬁéﬁﬁqel"é’ eetefupionpized polywey, it hsromaTs nepssae i veadt (A oduct .
An overbased PLOPMGhed HitP HPRE i bvditsd dotRsitibn Hab B&TiAAIMeadiOL lbaie N9 t he

functionality. In the reaction of (A) and (B), with (A) being the acidic component
and (B) being the basic component, an equivalent excess of (B) is used with respect
to (A) such that all the acidic functionality of (A) is totally consumed. When (A) is
20 (Al), the polyclefin of (Al) is present in the metal-containing polymer composition
at from 0.1 to about 10 weight percent and preferably at from 0.1 to about 5 weight

percent. Simplified examples of the (A) + (B) reaction scheme are as shown below:

+ HoN MNI—IR — . —
(NaZCOS)x
o ®1) ' ~~
- (A1) N NHR
(NaZCOB)x
(Metal-containing
Polymer)

25

74



procedure of Exanple (B3)-1. In order to prepare the netal containing

pol ymer conposition of a netal 15 overbased im de or e?’ﬁ{ﬂ Jn 3E;i onal i zed
pol ymer, iVOBEM4}es necessary to react (A the pol yner i t he net al
over based conposition that contains reactive basic functionality. In the
reaction of (A) and (B), with (A) being the acidic conponent and (B) being
t he basi c conponent, an equival ent excess of (B) is used with respect to
(A) such that al] cihdi¢ tionality of (A) is topally consunmed. When
(A) is 20 (Al), the polyeleflin ofo(A) is present in thg¢ nmetal -containing
pol ymer conposition at fr X t o hbout 10" Werght perceftaad preferably
at fromO0.1 to about 5 wei ercent. Si rrplif'ﬁd exanpl es of /the (A +
(B) reaction schene are as bel ow. H2N "~"NBR (CaCQ@{)a2 3), (B1) ~»
(AI') 1) (NNa2C3B)x (Metal-ceritai ning Polyner) 25 74 WO 01/ Y4433

PCT/ US00/ 21834 O + OCa 1/ ® OHA1§£aCCB) X (‘BZ(AI) (B2) .,. 0O ONa OCa 1/2
(CaC®) 0 (Metal-containing Polyner) )

9
ONa@/\\//\/\/\OCa 1/2
(CaCOs),
o) (Metal-containing Polymer)
~ ~ R .
N — CHoCHoNH 5 ,CHoCHoNH,
- (NayCO3),
O .
Y (B3) )
O (AD
O ~
R <
—{~CH,CH,NH 37735CH,-CH,
' (NaQCOB)x
o 0
(Metal-containing Polymer)
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-t CH2CH2NH10CH2CH2NH2  (Na2C03), 0 (B3) O (Al) O ... -~-CH2CH2NH oCH2CH2
(Na2CB3) X O O (Metal-containing Polyner) 5 75 WO 01/14433 PCT/ USOQ 21834
0 OH CH2) wBh9:433P (A3) + ( 0 Ca (B2) OH (CaClB) O | |PQEAAE 0 OH y
(c)x ~J/ &N\~ _CH2)f 0 R19 R19 (CaC338) 5 Metal-containing polynmer 76 WO
01/ 14433 PCT/ USOQO 21834

OH

(A3)

( 1)
+ \/WWO an (}32)

OH (CaCOs),

l

0
]

- (CaCOy); -
5 Metal-containing polyroer
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O Il OCa1/2 HO-OCH3 + OH (CaC®3) O (B1l) (Al) 00 Ca 1l/2 O (CaCX)
CH C=0 Metal -containing polynmer Exanple 1 (Al) + (Bl1). 5 Adgzled to a 2
liter 4-neWRMI4EK are 350 parts (0.02 equival ents) of AC HaP&'H4t ed

et hyl ene propyl ene copol yner of the product of Exanple (Al)-7 and 18 parts
(0.01 equivalents) of sodium overbased am ne of the product of Exanple
(Bl)-4. The contents are heated to 140C. G| in an anount of 287 parts is
added and the contents are stirred for one additignal hour. The contents
are filtered using a 10 filter aid to give 590 par?s of clear oil.

Anal yses: 1.46% Na2SO4 : ~6 total ba OCedéhple 2 (A)+(B1)
Added to a 2 liter 4-neck (3 A5 438 partsog_p.(@@gcggyi val ents of a 15
mal ei nat ed et hyl ene propylené copol ymer of the product™ of Exanple (Al)-7,
337 parts diluent oil and 4® parts (0.02%%gui val ents) of sodi um overbased
am ne of the product of(AF_QarrpI e (B1)-4. TheEcontents are heated to 160C.
and held for 3 hours. The IR showed no anhydride geak at 1798 cm 1. The
contents are filtered using a filter aid to give 45 parts of clear oil.

Anal yses: 2.8% Na2SO4 ash; 25.9 total ba Cal/ WO 01/ 14433
PCT/ USOQO 21834 Exanple 3 (AL)+(B2) Ad ﬁd a2 liter 4-neck flask are
350 parts (0.02 equival ents) of I (CaCO3)y
CH— C=0 _
Metal-containing polymer

Example 1
(A1) + (B1y :
5 Added to a 2 liter 4-neck flask are 350 parts (0.02 equivalents) of a
maleinated ethylene propylene copolymer of the product of Example (A1)-7 and 18
parts (0.01 equivalents) of sodium, overbased amine of the product of Example
(B1)-4. The contents are heated to 140°C. Oil in an amount of 287 parts is added
and the contents are stirred for one additional hour. The contents are filtered using a
10  filter aid to give 590 parts of clear oil. Analyses: 1.46% Na;SO, ash; 13.6 total base
number.
Example 2
(Al)+(B1)
Added to a 2 liter 4-neck flash are 438 parts (0.025 equivalents of a
15  maleinated ethylene propylene copo]yﬁer of the product of Example (Al)-7, 337
parts diluent oil and 44 parts (0.025 equivalents) of sodium overbased amine of the
product of Example (B1)-4. The contents are heated to 160°C. and held for 3 hours.
The IR showed no anhydride peak at 1798 cm™. The contents are filtered using a
filter aid to give 745 parts of clear oil. Analyses: 2.8% Na;SQOy ash; 25.9 total base

20 number.
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mal ei nat ed et hyl ene propyl ene copol yner of the product of Exanple (Al)-7.
At 5 100C. is added 24 parts (0.02 equivalents) of a cal cium overbased
carboxylic aeoai/14efs t he product of Exanple (B2)-1 over fipgg/usiMigEs. The
tenperature is increased to 150-160C. and held for 3 hours. Diluent oil
(100 parts) is added and the contents are stirred at 150C. for an .
additional hour. Due to the high viscosity, the contents are not filtered.
Due to the high viscosity, the contents are not filtered. Analyses: 10
1.9% CaSO4 ash; 15.7 total base nunberEXampigshie 4 (Al) + (B3) Added to a 1
liter 4-neck flask are 525 parts (O.OQAgﬂu'%B@I ents) of a nualeinated

et hyl ene propyl ene copol yner of the product Of Exanple (Al)-7 and 60 15
parts (0.06 equival éyed fa 3 lgerd#uasko fleskh arsedf0d bastse (50 equivalents) 9fr aduct of

Example (B3)-1. ' j g ' [ 'S ythe , JR To
the contents i sméli%ga Ee]adé'%g%&pgr??@édgfJoﬁ%ernyglglpr%ér?f [ gftlgr?ar?rpiegb?@ @on i nued
at 150C. fof 30067QIUt edied 27 hertc@iRentivalemb) affa dakidnhevadiesed etbqgyidagd , are

not filtered. Analyses: %Na2 S 2,..8; total, base nunber. 25.6. 20
Bennpl e 5 ©( Aoy Al odirt i EDGRRE (BARA @it BRItine. ThBGEREOR AR S A2) - 5
are added to a 15016040, zhd BEH féBhdIAA tBithehOoil QOG parld) $Nadddd R &8 cBhtedthe
product of Exanple (Bl)-5 dissolved in 150 parts diluent oil is added. The
addi tion is exdfh¥ifefel 1 °¢siaean addiione} kqur.c Brp ethe hightiicasitid@e cPeents t he
contents are hakdhdlatRICDEAs ol Bl QUi AN JHRM SN hRRRGHO AGHRKe any

vol atiles. An additional increnent o parts l'uent orl 1s ed and

t he cont ent® arld®% Cab@yash; ¥5¢/ gtalbasanpnipduct havi ng % Na?SO4. ash of 3. 05
and total base nunber of 31. 78 WO Olléx 1’%4PCT/ USOQ 21834 Exanple 6 (A3)
+ (B 1) Added to a 1 L flask are 187 pzré{ig‘m the | actone of the product of

Example (A3)-1, 170 parts of the compani#{sh of Exanple (Bl)-3 and 100

parts toluene. The tents .are stirred ang the t erature (s .increased
to reflux and held %@H?d:fq Gx! F57 tgn‘f‘f%uﬁ?% ard s parts OB equivalents) o ' 2
maleinated ethylene propylene copolymer of the product of Example (A1)-7 and 60

15 parts (0.06 equivalents) of a sodium overbased dispersant of the product of Example
(B3)-1. The mixture is stirred at 140°C. for 3 hours in the IR. To the contents is
added 100 parts of diluent oil and stirring is continued at 150°C. for 30 minutes.
The contents, which is the desired product, are not filtered. Analyses: % NaySOy ash
2.8; total base number 25.6.

20 Example 5
(A2)+(BD)

The total contents of the product of Example (A2)-5 are added to a 1 liter
flask and heated to 100°C. Then 51 parts of the product of Example (B1)-5
dissolved in 150 parts diluent oil is added. The addition is exothermic to 150°C.

25 After completing this addition, the contents are held at 150°C. for 0.5 hours and then
stripped to remove any volatiles. An additional increment of 150 parts diluent oil is
added and the contents are filtered to give a product having % Na,SO, ash of 3.05

and total base number of 31.
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The contents are then vacuum stripped at 150C. and 25 mllineters of
mercury. Analyses %calciumsulfate ash is 11.9 and total base nunber to
br omophen®O B3 i s 123. Exanple 7 10 (A3) + (B2) AddEd'YVVEH | 11 ask
are 206 parts of the |actone of the product of Exanple (A3)-1, 121 parts
of the cal ci um overbased carboxylic acid of the product of Exanple (B2)-1
and 100 parts of toluene. The contents are stirred and heated to reflux
and held for 3 hours. An | R showed fglri de peak at- 1800 cm . Added 15
is an additional 12 parts of the produ Exanple (B2)-1 and the contents
are held at reflux and additional 4ABou@l) The IR showed a weak anhydri de

0f 1 he. pr odudiide R £ 161 vt oRnd e ofi g of Blshel8 Ry o, Tl o

hours. There 176ps6 o?ufetcbmposidmngaxmmplewnl) 3 kg beQ:aﬂ@ftbhﬁﬂé ST niéAGUUM
stripped at .150C. .and 25 mllinmeters of nercury yses; % cal ci um
sul fate ash RS siiged anthie (SRRIFALYE dLINATSASE O FoHlUp raa%ﬂﬂ éh Eﬂﬂ“bl fopet bowss- 128, To

establish thQ‘hgchﬁtﬁxﬁEKreo&xeﬁ bac%uinrefﬁ;sﬁeu%as@d@e ahd 26 HhillRet&Q 8 rkrpn Of the
met al - cont ai ni ng pol yner preggred by the reaction of (A) and (B) along with

ot her conpo pf@nkyseSa%ecabi%aé ter a5y ét He? andyotsd base apmbenie promaphenod blue

formul ation. ;THy.s 25 inventive test forrmulation is neasured against a

basel ine fornulati on. The baseline fornulation contains all the conponents
of the test fornulation but for the Examplé dn product of (A) and (B). Both
t he inveg}ive test fornulation and &Rﬁkpggﬁline formul ations are
considered to be fully fornul ated cra oil's. Formul ati ons contai ni ng
the inventive conpdaddto@risL flask @¥ 306 pireschfitie lattenecefl tHe prfductrofBiamgle

simul ation ( . This is edure evelo ed e rlc n SOC|ety
for Testing ﬁ}m}?&r Pdlss of *ﬁsﬁfﬁﬂ)‘ éﬂ’ %/@g’ig ﬂé Eﬁés‘? gnati on
of 79 WO Ollﬁkﬂxﬁﬁ@ (B@Ti 5060 é&%k totderddV ﬂ@&&‘mcnifshafs sRAQSL Q&H»lﬁéhtddstom rected

to a noderat el hear ra viscometer which correlates with engine

cranking spe “&tan Witf%f LA'EER smd@n@myéamahgt 1300 |-t 4ddedni t s are
determ npd bys if@idfdoral 1%&@5; megrddecttoh @xéﬁﬁe B850 arﬁttﬁ@g?:{tgrts ;FJe(ﬁem

formulation is a 15WO0 grade and the val ue reported for
at reflux and additional 4 hours. The IR showed a weak anhydride peak at 18150m

and an ester band at 1734 cm™.

An additional 12 parts of the product of Example
(B2)-1 is added followed by refluxing for 4 hours. There is no further change in the
IR. The contents are vacuum stripped at 150°C. and 25 millimeters of mercury.

20  Analyses: % calcium sulfate ash is 18.6 and total base number to bromophenol blue
is 128.

To establish the efficacy of this invention, the inventive composition of the
metal-containing polymer prepared by the reaction of (A) and (B) along with other
components are blended together to give an inventive test formulation. This

25  inventive test formulation is measured against a baseline formulation. The baseline
' formulation contains all the components of the test formulation but for the reaction
product of (A) and (B). Both the inventive test formulation and the baseline
formulations are considered to be fully formulated crankcase oils.

Formulations containing the inventive compositions are evaluated in the cold

30  cranking simulation (CCS). This is a procedure developed by the American Society
for Testing and Materials- (ASTM) which has been assigned the designation of
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5 the viscosity determned at -15C. and reported in centipoise (cPs).
Results are tabulated in Table I. An inprovenent is evident when the

i nventi on fowowl/ati33on viscosity is |lower than the fornulrmenetikst does
not contain the inventive conposition. Formulations containing the

I nventive conpositions are also evaluated in the 10 Therno-Oxi dation
Engine O Sinulation Test (TEGST). TECST is a registered trademark of
Tannas Co. The TECST was originally devel oped to evaluate the deposit
formati on tendeA8TMs DSRO3API TISF preratire yis edigrad i 4 ansb@tp@ht’ﬂghn sheghtralét wit h

very hot t urbochar ggr.. CRIRARSALS,  DERORL LR RhE JSEATHEG % rkllEs Lfland t he

filter, as wel posi € ro ter ese
results are al saaztl@rkgjh&toexdy limits are Telekwinkd bAthe GOS8, oasedmﬁrﬁd innthe BAE 1366t

occurs when the_inyen nulatlo sits are less t eposits
froma formul at$t6?fiﬂfq1§3‘ g‘?ﬂ'@é‘aﬁB‘E’ cao@?qﬁg‘%%e dth‘?ﬂéﬁ‘fq RO o@?%&g Tabl e
| Formul ati gn C&Btﬁdcaduggieteﬁﬂﬁx&h aner Eragml ﬁg@éﬂﬁxﬁméhﬁ)o%e ©o)d Hsankigg
Si mulator (cPs) 3010 50 2290 TEOST Rod osits, ng 17.9 8.6 11.8

Fi | ter Deposi t stabyigied imTablgl2 Ap lmpmvamméf)w#% wheg thegingentign Sorpylagiony Wi | e
the invention hag. tg‘g,?gs Qﬁ@éra{h'aﬁdthé rfofn‘?déﬁﬂhoﬁxaf Qokd SioP" @ﬁzﬁhf&@ m%mggl ments,

it is to be unders at various nodifications thereo becone
apparent to thosenmwkitibh.ed in the art upon reading the speci f | cat i on.

Therefore, it is to be .under at_t vV C inis
i ntended to cover suc ulﬁ%%“@%%fm%h‘c %veaneI cfonmgphén%r}f %Eos%’gﬁlgtggma {hﬁ
appended cliai rrsThaBﬂo%&ﬂ:bﬂEﬂgiﬁe PITimbiBE600h Z&ﬁ:{a‘EOB'm) t ABOST dk IX&‘B@&L&RA met al

cont ai ni ng pol yne itio over pased imde or
ester functionaf? E’(‘]rkp I gi’egﬁ‘g W%M’&’ﬁa y é%(fba B S¥BREcBfpri si ng

deposit formation tendencies of API SF quality engine oils brought in contact with

very hot turbocharger components. Deposits are measured on the rod and the filter,
as well as a total deposit of both the rod and filter. These results are also tabulated
15 in Table I. An improvement in this test occurs when the inventive formulation

deposits are less than the deposits from a formulation that does not contain the

inventive composition.
Table I
- Formulation Containing
Baseline Example 1 | Example 2
Cold Cranking Simulator (cPs) 3010 2850 2290
TEOST
Rod Deposits, mg- 17.9 8.6 11.8
Filter Deposits, mg 1.9 1.6 2.0
Total Deposits, mg 19.8 10.2 13.8
20 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

modifications as fall within the scope of the appended claims.
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(Al') an acidic functionalized polynmer or ester functionalized pol yner
conprisin ol yol efin having attached or grafted acidic functionality or
ester fuﬂ%fwiﬁﬁﬁity, sai d polyolefin having a nunber aVeVHy&2H8t ecul ar

wei ght of at |east 10 500; (A2) an acidic mxed ester-acid of a carboxy
containing interpolynmer, said- interpolynmer having a reduced specific’
viscosity of fromabout 0.05 to about 2 and being derived from at | east
two nononers, one of said nononers being a |ow nolecular aliphatic olefin,

styrene or S&&EEQ gd styrene wherein the substituent is a 15 hydrocar byl
group contai nirng drjllt][1 1 up to 18 carbon atons, and the other of said -

nononers bei ng an al pha, beta-unsaturated aliphatic acid, anhydride or

ester thereof, said elster beigﬁ characteri zed _b%/.the resence withinits
pol yneric structure of'a PeREARCD *‘&P@%ﬁﬁmﬂ LHPD OMREFINGd from t he

carboxy @roups of a metatlowesiagsd imid)or dstérfundtion@lz¢d Poiginer FbRedd By reabihght
carboxylic ester g{)oup, said 20 _carboxylic ester group having at |east 8

al i phatic carbon onsaﬂmq‘iémé@?séﬁg radical and (b) a relatively |ow
mol ecul ar wei ght  ganbaxyhdidic §8ic@ion 4208 Polysidk ci)_rn&tﬁ:&%?fédohﬁiz‘éééﬁlﬁca oup

having no nore than 7 aliphatic carbon atons i e ester r , Wherein
t he nol ar r atQm@PTHing a)potygﬁfmshaymgzz@%.ehcﬁ; orograftéd aeigdlc fanctimulity druestri onal i zed

pol ymer conpgi. Sk 0o 1.S) acti produc ne or
or & hyclr oxy Poudtif. dAEhAREPRRIE Affule) SverbfEAgbiAer Y AU s

hydr ocarl®yl - 8fbsti tuted; provided that if the hydroxyaronmatic conpound
conprises bridged, fin en substantially all, such units are

its, .t
hydroxyl - and hy c%lplt%]/’:d’-czrn’ﬁg‘ilfsfﬁfa@&;‘)f& PRy, -t?’ﬂfﬁgf‘}t?rﬂ‘?lé’ﬂ%é‘?lﬁonyl

conpound or ite&palyraer 1B0inghat@rtd sprodic viadiyuT ot HBHOUDS bkt 2than a
car boxy-substi.t ut.ed cafr bon conpound, or a source thereof; and This Sheet

|
Has Been RepPdR&edemrdiiion 3 Jopst o) mpnarers, anp1 afp said monomers being a low
TPV LT fpblebalid dliphdc dl%fid, styfehO &/ béRGed _th'%mei%ltﬁgé.\bsétmnt% FE

t al
overbased . composition - that contains reacfive basic unctronality

conpri silng (yd9catbyhgtoyp cojEprng Jwm Anprie 18icaren gtopse andotie tothee of said
functional i t yohdmérs blihg MPAiYhalbetGRANLREYalipHARUCH HiRdride or ester thereof, -
said ester being characterized by the presence within its polymeric structure of a
pendant polar group which is derived from the carboxy groups of said ester:
(a) a relatively high molecular weight carboxylic ester group, said
20  carboxylic ester group having at least 8 aliphatic carbon atoms in the ester radical
and
(b) a relatively low molecular weight carboxylic ester group, said
carboxylic ester group having no more than 7 aliphatic carbon atoms in the ester
radical; wherein the molar ratio of (a):(b) is (1-20): 1; or
25 (A3) an ester functionalized polymer comprising a lactone comprising the
reaction product of one or more hydroxyaromatic compounds, most of the units of
which are hydrocarbyl-substituted; provided that if the hydroxyaromatic compound
comprises bridged ring units, then substantially all such units are hydroxyl- and
hydrocarbyl-substituted; a carboxy-substituted carbonyl compound or a source
30  thereof; and a carbonyl compound other than a carboxy-substituted carbonyl

compound, or a source thereof; and
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5 (B2) a netal overbased hydroxy substituted carboxylic acid wherein the
reactive basic functionality is a hydroxy group, or (B3) a netal overbased
di spersant wivemeis3i he reactive basic functionality is apquiseeegsor
secondary am no group. 10 2. The conposition of claim1l wherein within (Al)
the acid functionality is a carboxylic acid functionality. 3. The
conposition of claiml wherein within (Al) the polyolefin contains from
0.001 to about 5 weight percent carboxylic acid functionality. 15 4. The
conposi tion of clain{B) whermetal tdverbpsetl y obrepasiticof ti{afl YortEnsprresmeime¢ basic t he
met al cont ai ni ngunggl r con'gxosi tion at fromO0.1 to about 10 wei ght
percent. 5. Th H38% claim 1 wherein the polyolefin of (A) is

present 20 in the megl) coOmé@l Vedgseh AhiiEBIhetMNRRSEACioNbRlc hificpbhdlindists0 about
5 weight percent. 6. The conposition of claim1 wherein the nunber average

nol ecul ar  wei gHPmW_SW“Q%aWP%PfEfi nis from 20,000 to 500,000. 25 7.
The conpositgon of clpymd nWAeLGRIFhM ﬁ#&l‘tﬁ(y,(s%bgﬂtﬁt@@ cﬁ%x&&?& @il wHeReif the,

el astomeric polyolefin"wherein the ol efin’is a nono-ol éfin and contains up
to 4 carbon at eestivedasit fimcdenaptyds 2 hydroxygraspatrm 6 wherein the el astomeric

C iyl encl pr oyl ene. e oel O/Rpaf B3Rt Vbl S B ABIE efbRfb05;
PCT/ U500121834 % a priwsarg ongecsidhiyamimfgradpai m 6 wherein the el astoneric

polyolefin is ethylene/propyl ene elastoner 5 10. The conposition of claim
1 wherein within (Al) the polyolefinis an a-olefin copolynmer wherein the

a-olefin corgains fram6 te 20mRiRANALINE 11lvheldie FENROBALI @ Qkidcl aim 1
wherein the polyolefin is a random bl ock copolyner conprising a nono-vinyl
aromat i c/ di ene éﬁ‘ﬁ%‘?%ﬁ@’r‘s pFarboplicipcibfsngtioaddity.- 10 nono- vi nyl aronati c/ di ene

copolynmer. 12. The conposition of claim 11 where the random bl ock copol yner

is a hydrogenated nono-vinyl aromatic/di ene copol yner.
. The composition of claim 1 wherein within (Al) the polyolefin

contains from 0.001 to about 5 weight percent carboxylic acid functionality.
15
4, The composition of claim 1 wherein the polyolefin of (Al) is present

in the metal containing polymer composition at from 0.1 to about 10 weight percent.

5. The composition of claim 1 wherein the polyolefin of (Al) is present

20 in the metal containing polymer composition at from 0.1 to about 5 weight percent.

6. The composition of claim 1 wherein the number average molecular
weight (Mn) of the polyolefin is from 20,000 to 500,000.

25 7. The composition of claim 1 wherein within (A1) the polyolefin is an
elastomeric polyolefin whetein the olefin is 2 mono-clefin and contains up to 4

carbon atoms.

8. The composition of claim 6 wherein the elastomeric polyolefin
30  comprises polyethylene elastomer, polypropylene elastomer or ethylene/propylene

elastomer.
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15 13. The conposition of claim 12 where the nunber average nol ecul ar

wei ght of the random bl ock copolyner is not nore than Q 14. The
conposi t i ¥R Y1443 ai m 12 where the random bl ock copolynéFgﬁgggngﬁ to 80
percent by weight dienes and 20 to 70 percent by wei ght nono-vinyl 20
aromatics. 15. The conposition of claim 14 wherein said diene is isoprene
or butadi ene, wherein said nono-vinyl substituted aromatic is styrene or
an al kyl substituted styrene where the al kyl group contains from1 up to 4

carbon atons and 25 whegrein hydrogenation Qf {he random bl ock copol yner
renoves at |east 94 pefBeRPTP tl"f‘h‘g PgP rdereg g %Pséo’ﬁ"ﬁécaP‘ﬂY‘&?fi“ng. 16. The
conposi tion QfhyfhaiiBpllenbBib®bRer t hi n the acidic functionalized polyner
(Al'), the attached or "grafted acid functionality is derived frommaleic 30
anhydride or maleic acid. 83 [1"I1"121112112 (11l * CL LILLELLILElILT S WO

01/ 14433 PCT/ 1 IS0/ 218 £ DO L fo-cl Al j he
attached %)r gr af '?g)j' es?fe}ef c%ﬁé&?@ﬁgﬁ%}ggwggﬁ%&n‘g{ﬂuﬁ,&ﬂ%%g}‘%@ég}é%e by
reacti ng a patolefireéapolymer Whemaindl ceplefifi cortains fram b 24 B@béh 20mL$ 8290 -- (R
) --- COR R250 5 wherein each of R29 and R28 and each R25 is independently
hydrogen or an aliphatic group containing from1l to 7 carbon atons, R27 is
an al kyl ene group1¢ont Théedbgpokitionof dlaitn0l dheérdinBspdyddét i AGar@oimsbléckor 1. 18.
The caonposition _of claim 17 wherein R29 is hgdrogep, one R25 is 10 nethyl
and the ot herOPBEPFSCHRRIISHG MRS BNy arpmaRR/Icne eopqlymer pp Adtydsagenaiqge

conmposi t 1®N GhonelvdhylarondieRndcdpdBmi¥R! ar ration of (a):(b) is (I- 15 20.
The conposition of claim1l whereinwithin (A2), the interpolyner is a
styrene-nmal ei ¢ anhydri de interpolyner having a reduced specific viscosity

of from 12.  The composition of claim 11 where the random block copolymer is a

hydrogenated mono-vinyl aromatic/diene copolymer.

15 13. The composition of claim 12 where the number average molecular

weight of the random block copolymer is not more than 1,000,000.

14.  The composition of claim 12 where the random block copolymer has
30 to 80 percent by weight dienes and 20 to 70 percent by weight mono-vinyl

20 aromatics.

15. The composition of claim 14 wherein said diene is isoprene or
butadiene, wherein said mono-vinyl substituted aromatic is styrene or an alkyl
substituted styrene where the alkyl group contains from 1 up to 4 carbon atoms and

25 wherein hydrogenation of the random block copolymer removes at least 94 percent

of the original olefinic unsaturation.

16.  The composition of claim 1 wherein within the acidic functionalized
polymer (Al), the attached or grafted acid functionality is derived from maleic

30 anhydride or maleic acid.
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about 0.1 to about 1. 21. The conposition of claim1l wherein wthin (A2),
the relatively high 20 nol ecul ar wei ght carboxylic ester group of (a) has
from8 to 2%GHWsadti c carbon atons and the relatively PEWURSI2EBH] ar

wei ght carboxylic ester group of (b) has from 3 to 5 carbon atons. 22. The
conposition of claiml wherein within (A2), the carboxy- 25 containing
interpolynmer is a terpolyner of one nolar proportion of styrene, one nolar

proportion of mal eic_anhydride and | ess than 0.3 nolar proportion of a
vinyl rmononer. Thi 47sheébe FREBPIRMISH £ &pimeh Whegp the jafteahed or graftefliefier v S

e L M0 Db ST R B o KA EORPRSLE B! ¢l ai m

1 wherein within (A2), ow nol ec hatic olefin is
sel ected from thangz oup consi sting of ethylene, propylene or isobutylene.
5 24. The conposition of claim1aherein the |actone (A3) conprises
nol ecul es contai ning the struct €0 OH OH CH3f or o0 19 R19 19 R19 wherein
each R19 is independently a hydrggbr byl geoup t sscontains from8 to 400
carbon atonms and f is 0 or 1. 16825, ~Thé c)gchﬁbs on of claim| wherein
within (Bl), the metal overbased_ hnmine is represented by the structure
RLR2(Bl1) (MA),, wherein Rl and RB* e each i ndependently hydrogen or a
hydr ocar byl .gro .anl N0 $udSt, ikl #sqcar.byl rou o
hydr oxy- subst i twﬂ’i)%enﬁvg'r%%ar%}&lé g?‘n%eﬁcwgl I%%ﬁ?g?ﬁséﬁ%esng?lg?ﬂ?rg%enhoﬁé?3%1:%1}38%

group containing from 1 to 7 carbon atoms, R?' is an alkylene group containing from

1 to 4 carbon atomsand gisOor L.

18.  The composition of claim 17 wherein R? is hydrogen, one R” is

10 methy! and the other R* is hydrogen, R? is methyl and q is zero.

19.  The composition of claim 1 wherein the molar ration of (a).(b) is (1~
10)-1.

15 20.  The composition of claim 1 wherein within (A2), the interpolymer is
a styrene-maleic anhydride interpolymer having a reduced specific viscosity of from
about 0.1 to about 1.

21.  The composition of claim 1 wherein within (A2), the relatively high
20 molecular weight carboxylic ester group of {a) has from 8 to 24 aliphatic carbon
atoms and the relatively low molecular weight carboxylic ester group of (b) has from

3 to 5 carbon atoms.

22.  The composition of claim 1 wherein within (A2), the carboxy-
25  containing interpolymer is a terpolymer of one molar proportion of styrene, one
molar proportion of maleic anhydride and less than 0.3 molar proportion of a vinyl

monomer.
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15 group, or am no groups, wherein the hydrocarbyl group contains from4 to
50 carbon t e provided that Rl and R2 are not both hydrogen, Bl is the
reactive b‘ggi“i“ *#ncti onal i ty conprising -NH, Mis a rretPéIT/,US 21840 a1 bonat e,
sulfite, sulfate, thiosulfate, phosphite or phosphate and x is an integer
of from1l.1 to 40. 20 26. The conposition of claim1l wherein wthin (B2),
the nmetal overbased carboxylic acid is represented by the structure

(B2) RL7COOM MA) y rei LS L phat 4G Qr-aub - cantai al i 10 to
50 carbon atons, \gzy?i srl?lﬁganr%ggszttmlm\aﬁe} C@%%ﬂcaﬁ?%ﬁgglﬁgﬁg@f 3%1@(%{;)%@@%1;& ng -CH, M
is a netal, Aweightaipbativadlefin suselected fromuthé gtoup consiting wf thylene, papylghe t e or
phosphat e and Y i,S.an integer of from1l.1 to 10. 25 This Sheet Has Been
Repl aced 111 PP 11 T1 111111 85 CL Ms CVO 01/ 14433 PCT/ USOQ 21834
27. The conposition of claim1l wherein within (B3), the netal overbased

di spersant_ is represented by the structure R §( BS)(NA{DZ wherein R18 is a
hydrocarbyl grouptdf t1he cmpgetion of clam b vWiereds ey fasions {ARs cprapgses
hydrocar byl  gh@idPuibd\@hntaffhg @E Bfuckdrom 40 to about 500 carbon atoms, B3 is
the reactive basic_functionality conprising -{CH2CH2NH}, , H, wherein x is an
integer of froml or an al kyl 4
2 carbon atons, N
t hi osul fate, phosqg

30. 28. The conpo3+ in R is an am no-
substituted hydrog turg,(C "- an
aliphatic group d out 50 cs P

the strugtlre RAKR CH2) 3 wherein

am no-substituted ; 19 group o
bout 50 &arbon atoms, with

R4 is an aliphatic_roup containing from 10 to &

the proviso that when R, is RANH(CH2)3 that R2 .
wherein each R is independently a hydrocarbyl group that contains from 8 to 400

carbon atoms and f is 0 or 1.
10
25.  The composition of claim 1 wherein within (B1), the metal overbased
amine is represented by the structure R'R*(B")(MA); wherein R! and R? are each
independently hydrogen or a hydrocarbyl group, amino-substituted hydrocarbyl
group, hydroxy-substituted hydrocarbyl group, alkoxy-substituted hydrocarbyl
15 group, or amino groups, wherein the hydrocarbyl group contains from 4 to 50 carbon
atoms, provided that R' and R? are not both hydrogen, B! is the reactive basic
functionality comprising -NH, M is a metal, A is carbonate, sulfite, sulfate,

thiosulfate, phosphite or phosphate and x is an integer of from 1.1 to 40.

20 26.  The composition of claim 1 wherein within (B2), the metal overbased
carboxylic acid is represented by the structure (BZ)R”COOM(MA)y wherein R is
an aliphatic group containing from 10 to 50 carbon atoms, B? is the reactive basic
functionality comprising —OH, M is a metal, A is carbonate, sulfite, sulfate,
thiosulfate, phosphite or phosphate and y is an integer of from 1.1 to 10.

25
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I's not (CH2)3NH2. 29. The conposition of claim28 wherein R contains from
12 to 26 20 carbon atons 30. The conposition of claim28 wherein R4
contains fremel24d 26 carbon atons 25 31. The conposit Porussh2BB4ai m 26
wherein R17 is an aliphatic group that contains up to 23 carbon atons.
This Sheet Ha Nall s Been Replaced-86 ~ 11 ~ ~ ~ OF 11111111111 WO 01/ 14433
PCT/ USOQ' 21834 32. The conposition of claim?26 wherein R 7 is an aliphatic
group that contains from11l to 17 carbon atons. 33. The conposition of

cl ai m 27 wherei n t #d- hy dhoewmaesifionpliamievhesein withindBB) thetppss ovepesed deri ved

froma polyal kepe | I ' 18 (]?th) ' foey: a\@é ue of
500 to about 50 ‘%ﬂgé%p%bég%ﬁ%}agt?gg%o@ ; e{l%&%ggut-lsz%y%? e
conposi ti on of grobmefithstruedoer e t he hydrocarbyl group R6 contains from50 to
300 carbon atons. 11111 II I!'I! MS 87 o

Ré
N.——

O

wherein R® is a hydrocarbyl group that contains from 40 to about 500 carbon atoms,
B2 is the reactive basic functionality comprising ~(CH,;CH,NH),H, wherein x is an
integer of from 1 to 8 and R'” is hydrogen or an alkyl grou;ﬁ containing 1 to 2 carbon
atoms, M is a metal, A is carbonate, sulfite, sulfate, thiosulfate, phosphite or

10 phosphate and z is an integer of from 1.1 to 30.

28.  The composition of claim 25 wherein R? is hydrogen or an amino—
substituted hydrocarby! group of the structure (CH,)sNH,, R’ is an aliphatic group
containing from 10 to about 50 carbon atoms an amino-substituted hydrocarbyl

15  group of the structure R“NH(CHa)s wherein R* is an aliphatic group containing from
10 to about 50 carbon atoms, with the proviso that when R is R*NH(CH,); that R?
is not {(CH,)sNH,.

29.  The cdmposition of claim 28 wherein R! contains from 12 to 26

20 carbor atoms

30.  The composition of claim 28 wherein R* contains from 12 to 26

carbon atoms

25 31.  The composition of claim 26 wherein R' is an aliphatic group that

contains up to 23 carbon atoms.
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32.  The composition of claim 26 wherein R! is an aliphatic group that

contains from 11 to 17 carbon atoms.
33.  The composition of claim 27 wherein the hydrocarbyl group Réis a
5  substituent group derived from a polyalkene, said polyalkene being characterized by

a Mn value of 500 to about 5000 and 2a Mw/Mn value qf about 1.5 to about 4.

34. The composition of claim 27 where the hydrocarbyl group R®

contains from 50 to 300 carbon atoms.
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