; LMNCe3eBl X6TB2001L004 1 - ' * 159159* POLYALKENE- SUBSTI TUTE
AClI D COVPCSI TI ONS HAVI NG REDUCED CHLORI NE CONTENT FI ELD OF TM@WWM’
The?QW¥@%t i on is directed to pol yal kenessubstituted carboxyli

conposi tions having a reduced chlorine cantent derivatives theré8t"sef ul
as fuel and | uppj ﬁLﬁEI\fES ﬁﬁ?[ﬁ%ﬁ%ﬂ@ﬂ 34 ADE JR& fiers
and nethods fd 0 c \\Y,

Conposi tions forned by rHMEN@REi)EjEEIb@ﬂI&!DRENEt(DONTENTboxyI ic acyl ating
agents with am nes, alcohols and/or reactive netal conpounds are known to
be useful additives that provide fuel and lubricating oils wth inproved

di spersi ng, e O NMDREOMetric properties. The

pol yal kene-%ﬁm@@&%ﬁ acyl ating agents 15 are thensel ves usef ul
as emnul sisfiers. Bucihvpaliondk deagedogsiydlkenecubsatitbied vhiboxgléy h@ddi ng agents are
commonly fornmed by, hal ogen-assi sted reaction of a pol yal kene _and a

car boxyl i ¢ aeQPREsitiogs AgEne 2 redyced chigting %fﬁﬂtﬁrtoéf‘ésvétws%erégweﬁé&s figgl and
exanmpl e, in \YpReath gto‘?lrﬁls sant ahd AsPER nﬂlwblsﬁfg%%ﬁ?eré %ﬁﬁleﬁll f’c{g?gnﬁmk' !
there is, on avera east one chForo group for eac ene

nol ecul e. Chduohicompdotiomsan be achi eved 20 by sinply cont act| ng t he

pol yal kene with chlorine gas until the desired anmount of chlorine is

i ncorporated into the chlorinated pol yal kene, usually at a tenperature of
about 754 0 pREWGREOND OF TiE INYEN GO ep of the two-step chlorination
process, the chiorinated polyalkene 1S reacted with a nolar equivalent, or
a nol ar excess o(Eozapo&igionsa?ounshbmeactérg wdyajbe«yckswstguwdpcﬁrhmum hoylatinga

t enper ature of abo t 100 t OOC 25 Al ernatl and a des r| bed
for exanpl 6 48t wiign aToqBoR Shat ecari 7 welal SoBRauNE e i BhecRpR

pol yal kene aemémwes (i PRSAddifuel £ 1@&&&@& loi16 M@lﬁﬁ{pﬁ@\ted@@erdlﬁ% ,Aefkgr@t e step
process, be contacted with chlorine gas (e.g., by passing chlorine gas

t hr ough t he andjaryissopetric pigperties. ohe mlyae\he@rwmtwdtc@rh%vm aeydating agents140C
or 2bovels e HlYalKenSHRSEbhES Suck SoumsataRduGALbRIKpLC acyl ating
agents synt hesi zed°’ ne 1 nduc ensa 1on o énes and a,

(3- unsat ur ateglatiag lagem axe ooy formed lyihalugchasdasd aaanu@n 6E§pd§lalﬂ(eﬁ7é'l| orine
content of 0.5 to 1 mhlch corresponds to 5,000 to 10.000 parts per
mllion of cad @rqaﬁlg)xyipﬁ aeylatingsageps a];%tastwo -step process, as described for example, in

U.S. Patent No. 3,219,666, a polyalkene is chlorinated until there is, on average, at

least one chloro group for each polyalkene molecule. Chlorination can be achieved
20 by simply contacting the polyalkene with chlorine gas until the desired amount of

chlorine is incorporated into the chlorinated polyalkene, usually at a temperature of
about 75 to about 125°C. In the second step of the two-step chlorination process, the
chlorinated polyalkene is reacted with a molar equivalent, or a molar excess of an o,
B-unsaturated carboxylic group, usually at a temperature of about 100 to about 200°C.
25  Alternatively, and as described for example by U.S. Patent Nos. 3,215,707 and
3,231,587, a mixture of polyalkene and o, B-unsaturated carboxylic reactant can, in a
single step process, be contacted with chlorine gas (e.g., by passing chlorine gas

through the mixture with agitation) at an elevated temperature (e.g., 140°C or above).

30 Polyalkene-substituted o, B-unsaturated carboxylic acylating agents synthesized
via chlorine induced condensation of polyalkenes and o, B-unsaturated carboxylic
groups conventionally contain a residual chlorine content of 0.5 to 1%, which

corresponds to 5,000 to 10,000 parts per million of chlorine. Thus, dispersants
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-2 derived from pol yal kene-substituted carboxylic acylating agents are a
source of organochlorine in notor oils. Due to environnental concerns
regardi ng the disposal of used notor oil, particularly in Europe, it has
"becone desirable to elimnate or reduce 4he level of chlorine in nmotor oi
additives and other industrial products. One 5 way to address concerns
regardi ng chl ori is to avoid the use, of chIoGLne altoggther by_.using a

ther mal pr oS8R ¥EGEEPA0 aék%‘lsymt’é‘l“ﬁic hexxicAoy \3HRE agents TERH8WSF ot acid are
heat ed toge i i } J i : ce of a
catal yst (" EOE%{D%\]? lbﬂgérlh'lgﬁdg?g?ga%? ;é gﬁéﬁﬁgﬁgﬁﬁgr érrd\e\?]{a ﬁllcr)lg}(?gsa%g g]re P{l)%g,%f or
exanpl e, i noflu&d Ratoentl, pdotic\BarBbib, Brt8pe, Hdwe becomadesirableso Ebmivek @i a t he

thermal route, i eneral , 1o have a lower. nunber of. gcylatin rqups per
ol ccul e, AHEBMEEYEI SHioFe ihmop oPiadfi e v phet inditgl poductt. G P

chl ori nes conyaiiBiaAgreR QiEins tQaf AP YRR RMtb AoidAhd hseldtnlopng altOfetiidy! OF i ne
in the product Iis at an acceptable level. Certain nethods for acconpli shing
this are knobwmsingarthemndl proogssmivhdreina padydeime ardignsianirated dicarboaylid 4ad axi d or
anhydride (PIBSA) used as an internediate in the.nanufacture of Pl BSA PAM
15 {pol yant HERBRIAEFIET VADorhasa AT pisc PR el e SE R At o
capabl e of rafuGAFIoLHNer [ABLHGHNSRBE a HethIdESBes#BBA, FbE Sk APIER LY, reduce
the nunber of acylating groups, as expressed by a reduced saponification

( SAP) nunbePatent NevaB6bH7hcHowevérmyaterale frrmedivia thajthesmiahtonte, &y genestlhods f or

bt ai ni ng di t | di ates b £ i ghly, f | li zed
ool yrror 1 ¢ Fages ot myRSE AE S BIE P BEF Mo fealt Hiattr kPR I 5 pot yer
(e.g., polyakkaas)s RAssbada.a ditoMHeedontdifiag pramthedsmbeaehlband hgilnged for

filtration due to high |evels of tar. Processes that require filtration are
| ess accept dickof gromen in the Bragieids ahen &aehtrRIA el afeteinsenthods fors,  Pat ent

No. 5,489, 3 R t ' - '
chl ori ne co%?ceoﬁplgb i ﬁhlgragr;%iﬁ%oc\ﬂrﬁ%%ﬁ%cgﬁglg%l%ﬁgl??ﬁe%|ugﬁﬁlﬁelk%rg%{ n%c% dori ne
conmpound i s ofiediride (PIBS2) wed as htlirserhediaedinfthe manufaetuad oLRIBSA/PAMST t han

H and HBr, and organi.c acids_having a pKa of |ess than about 2; and (b) a
source o i &RRlneMBE dsF¥Hse of PERSA) %‘éP‘?r t5f Thesenethpds; whitsgappbletdduce t he

chlprine co : | Q¥ L ' &9{1%9 d may be
reduced by ?%@g{nr%ﬁlggﬁv}ﬁtcﬁggggwo |an_gl’ gﬁgbﬁrggbn'e%gélg_éﬁggﬁﬁs. wg\ﬁler, as a
resul t, bot lcylalimgygnospsaae eppressed byiaredived Sapralifigatiod (8AP) fFambdrenr Jevad ofwoul d

b t t f j Kill i t h t,. th t t t t of

di car boxyl i & QranEr (AR B py s b P g BBR | at | on as vl |

as the degr aglainh<iates by RAcHN MEBNy. functichakized pdiphenwitNaeyl ik Zaedfithyt 0 Si Vi k
y

et al. discusses a process for reducing chlorine content by post thernal
treat med®, anleatiopand cgrispionef a Bolywor o, pal¥alkene) bakkose abiowever, these

absenc_e of %#ﬁgﬁisqea%ym@neeﬁ%r i‘iﬁmkt)i%n%ﬁé% lilighﬁg\le?sccgfetgr.fﬁr&%ﬁ@sl t}1§t rgélé};é ne,
magnesi um cal'cium 1 ron, copper, boron, al@mnum tin,~ trtahiuma

m xt ur es t héilieafon aftkest aseeptabler fonBethaabsuthicpihd @eirsnrheitaladadoys.sai d process
agai n contai n hal ogen other than chlorine, such as brom ne or iodine. U S
Patent No. 5,885,944 to Pudel ski et al. (and EP 0 808 852) describes a 1o
met hod of reducing pﬁéﬂfN&g,@@fﬁ@% SVKRPSL dLdcRBLOE c}é‘éstfﬂrf%ldﬁaﬁgttﬁé sul fur
of pol yal kyl ene-substituted cafboxylic acylating agents which cofital n

chl or i neés r exnhloning gotitentroftanedrgirioghloniae compowd inomaieh shet organaghlgpimey al kenes

d a-, ~3unsat ed carhoxyl i id nieties.. The d i bed h
Fesults 1n CREPPURHEROR] SrtnpLigan Siited moming ok lnes Mag fi v
sul fur-cont 3By A ﬂgﬁﬁ&acmihﬁbingiasﬁl{@b'ﬁe@ than Bbdif gggﬁtg%taisguﬂck%ﬁbﬂiﬁy- U.S.

Patent No. 6,077,909 to Pudel ski’ et al. and EP 0 ' each describes a
met hod for prbroninefopa pyadkef wme selfitseant taxeducetheisbloyine conteyt efttheig agent s

havi ng a reduced chlarine confent, which relies on.the.,use of, as the

ol yai'kene. FEBUHT, CHoBGe EFHER he Sriphynigh & RS GO GPen i
tri-subggit yddesl MIHbHIR CShEIAJEr PloRevér) adl réTRUBSth WRlolgens?d?e PhesOf ifD! €
percent, wherein the polyolefin is reacted with hal ogen on a nolar basis up

to an anpunthedifipd pradyct hidurthsr.eas vofuld be ppparesitdo one of otsinary gkildn éimiargrtbeips .
25 EP 0 684 202 A6361 P Ak afb Bﬂﬁ?gfs%erg%itp%%fai‘Qcihé‘ganclt*éké’{d @eﬁa&%ﬂgﬁ%mm‘
chl ori nat ed*pol ypropyl'ene or po sobutyl éne, or 'a  mxture of polypropyl ene
and pol ypr opyiveneas shecddgadatian by el pdyraér. pol yi sobut yl ene and pol yi sobut yl ene
and pol yi sobutyl ene succinic anhydride in which the polymer or polyner and
succi ni ¢ anhydride m xture is treated wth heat for a specified period of
time. 30 EP O 665 242 describes a nethod for reducing the chlorine content
of pol yal kene substituted carboxylic acylating agents which invol ve
treatment with a hal ogen other than chlorine (e.g., iodine or bromne).

-4 U S Patent No. 5,777,025 to Spencer et al. and EP 0 014 288 describe a

o o o . r



acyl ating agent having a residual chlorine content in which the

pol yol ef i n-substi tuted carboxylic acylating agent is subjected to
heat - soaking in the presence of an a, (3 unsaturated acid or anhydride. 15
1 n accordance with another aspect of the, present invention, there is

provi ded a nmet hod of reducing the chl orihe content of a

pol yol ef i n-substi tuted carboxylic acyl ating agent having a residual

chl orine content in which the polyol efin-substituted carboxylic acylating

agent is subjec t i LN .4 he,presenc f _an.a, {3unsaturated
acid or anhydri ﬁgaﬁﬁe‘ﬂ?‘i"eam?@?‘é%&f ér}gal'adés_ézﬁfs.esg(??(fcﬁssafc%gefdé'gwée with a
thi rd aspecthRink BEnteRMBIdsOMernhd @legtnicht, Bk @Y UME PaentNbhods9Bo0, weingar
reducing the chlorine content of a product of a chlorine-assisted reaction

of a pol yol &ewis apidiingthe absenesseft argarie garhen. o Tt Lewilsyaaid; i sclpeted framsalihpt h

cont i gur i1 o gsbiest eRRE at ik P hork B R RuPraf bbbl ¢ or mea

i n accor danggr¥éft Thehew TRidnae-cohtehtrodidsRmined By efitlippstesd dpadtiehntdion to a
| ower residual chlorine content, can sinultaneously provide a higher

saponi f i cat halegeruatber thap ehlosne chetaes WaMing rdeding t o about 2 and an
i ncreased | evel of active ingredient (A L) and sedinent values that 30 are
reduced to levels at which filtration of the final product is not required.

-5 BRI EF DESCRI TS QPtéit NOHE, 8185 SURESPidediski &t dls(agd BPap80PE3)desigibeesi dual
chlorine content as a function of chlorine to polynmer ratio for reactants
mi xed wi® h &wthpdsf reduging chiprnarontant By os yrepi@hanh withelementdeylir efde/ di sk

flat bl ade i Wi %Fﬁg algﬁ?gﬁ{k ON Sui tabl e
hydr ocar bonégwtﬁgngﬁé?@@ﬁ%%@g I'n I'S ?%_Avngr\l{tvlgéﬁziuﬁtg} ude lﬁ)ermpol yImers,
i nt er pol ynet&nahinkdysn theadhéainedndwed gbiidehyaionadpbbatkenénamd @nply of such

pol ynmers conprises ethylene and/or_ at |east one C3 to C28 al pha-olefin

havi ng | 0 t HBsafwpied carbopdicaqid mojgiiss e The fescribedsinediogmesudts im thgferaatioshai n

al kyl radic | SiE AHdearRan ARNBoRMNH; iAn !qu]
cont ai ns car }5 -tgg‘{dc%rllongsuatn aturation, pr egg? a@ﬁly a igé’ﬁ“tégr@gﬁ%ﬁ
t er m nals et heh|insheate visteaittyir at i on. Such pol yners may conpri se

i nterpolyners of ethylene and at | east one al pha-olefin of the above
formula, wherein R is alkyl of from1l to 18 carbon atons, and nore

preferably 15 i g5.&lpadnt ®o. 6109Mobo tOPEa ROA. HIPBB 0 0D 7HRAE) BEBEBESAD! Y
still of from1l to 2 carbon atons. Therefore, useful al pha-olefin nononers

and conononmethadifol pedejdingpolgalimehe-sulpstivped earbox Pigtagplating apentahnaving a

octane-1, 4-npethyl.pentene-1 ecene-1 decepe- tri decene-

tetr adecenegefycﬁf%ﬂﬁ%%ecceoﬁéqni W%ﬁ%l{gg%%%nng‘-% ise ﬂg pt éﬁ’ Oé#g-ﬁql,c rS%C[]f%{ﬁe%ene- 1,
nonadecgmne- golyaletinMaxingraastal beteaal ar(&trigsubsﬂiltine‘dwmstufﬁedﬂéﬁmgtb@]i%ﬂn&lﬂd 20
butane-1, and the |ike). Exenplary of such polyners are propyl ene

horropol yrrer §TOBRIURTE-2PoHGIRIPBIeyFE Rt Whersin difeRPYpin isTeacied piphalagen
et hyl ene- bub AB&; ha GRRRINTE R af¥fint dftal ide rﬂm&r(ﬂ*t@tﬁﬁr—ghﬁdRﬂlng%gPﬁﬁ jha! ns at

| east sonme term nal and/for iInternal unsaturation. erre ynmers are
unsat ur at edgmopsl yners of et hyl ene and propyl ene and et hyl ene and but ane- 1.
The interpolymers of this invention may 25 contain a mnor anmount, e.g. 0.5
to 5 mole %of a C4 to C-8 non-conjugated diolefin

25 EP 0 684 262 describes a process for reducing the chlorine content of
chlorinated polypropylene or polyisobutylene, or a mixture of polypropylene and
polypropylene succinic anhydride or polyisobutylene and polyisobutylene and
polyisobutylene succinic anhydride in which the polymer or polymer and succinic
anhydride mixture is treated with heat for a specified period of time.

30

EP 0 665 242 describes a method for reducing the chlorine content of
polyalkene substituted carboxylic acylating agents which involve treatment with a

halogen other than chlorine (e.g., iodine or bromine).



conmononer. However, it is preferred that the polynmers of this invention
conpri se only al pha-ol efin honopol yners, interpolyners of al pha-olefin
conononers and interpolyners of ethylene and al pha-ol efin conononers. The
nol ar et hyl ene content of the polyners enployed in this invention is
preferably in the range of 20 to 80 % -30- and nore preferably 30 to 70 %
When propyl ene and/ or butane-1 are enpl oyed as conononer(s) wi th ethyl ene,

t he ethyl ene content of such copolyners is nost preferably between 45 and
65 % al though hi gher or_ | ower ethylene contents nﬁ%ﬁpe present. These

pol yners may beUpY-dptaneioby.’poP93ist uenaes carbrad BP & (14 78S isawtbe %‘Petﬁpgt ures
of al pha-ol gfJ ] kS I : east one
& to Co5 o prLuaRERRnTounEle Paithet B SRS IOPUEM, &\ 206018 of O
conpri si ng pdlySlefigasd unseeuraret didachoapkic 6eid gn whichaleteapint iadbrduydtedinainsi ti on
met al compound) and an al um noxane conpound. Using this process, a polyner
in whi cH 95PIgeHEe fbR smak amquntyRf|a sions ORsANisacHb Suesas 3 hydipgaabyl-substituted

et henyl i den ]%%Rpmygsaturation can be provided. The percentage of polyner
chains exhibiting term nal ethenylidene unsaturation nmay be determ ned by
FTI R spectroscopic analysis, titration, or C3 NVR Interpolynmers of to
this latter tvr erjzed by the formula POLY-C(R1l) =CH2 wherein
R is Cl tcSEEMARLO! QP & to C-8 alkyl, nore preferably C~ to C8
al kyl, and nost pfebRibakl Yitrbnd Ssped ke bresdift idhenti AL id8rofidly k) and
wherein POLY represents the polymer chain. The chain |l ength of the R alkyl
group wid | mathpdadé petudingghochlohee coven ofre pOlyplefiatwmbstittedearhosglic n t he

olyneri zation.. A mi nqr anount. .of e. pol yner. 15 .chai ns.can. cont ai n
o T 7o drakyi amel e GiEc ol chltGirB RoMARE i \hiC e Pouythiss Sy
ortion of [ y; j .
PoLvO iy KSR HERhfing Bgenf MMuBlcfcltl REARLARRERAE Hrllbfte Slim & 1 at ed

i nt er pol yneursatumsatedbecigoe peineltidey known rnetal | ocene chem stry and nmay al so
be prepared as described in U S. Patent Nos. 5,498, 809; 5,663, 130;
5,705,577, 20 5,814, 715; 6,022,929 and 6, 030, 930. Anot her useful class of
pol ynerg i ncl udg dceof@hddWith aﬂétﬁ&adégéjctwtlﬁaﬁrb&ﬂt mveionTBlctZRPréVIded a

i sobutene, styrene, and the |ike. mon pol ymers fromthis class include
pol yi sobut emethodiof sadueimgtile pptineeqnientiobn petyolfin-sbstifated cgrhaxalic havi ng a 25
but ene cont f t to. . 5% - | ' . ent of
about 30 ceauile o sy e RsahiormEstehtin ALK ke R SR ERRL s
as al um nunaakbd sk At ylden® hgda@fsabietickttBedt dBakifg BY BE PrdsefbessTnGe pof nonomer
for maki ng poly-nbutenes is petrol eum feedstreans such as Raffinate Il
These feedsunsausated acidios anhysiside iand aisediment redu¢ingggént. U. S. Pat ent No.
4,952,%%9. Pol yi sobutyl ene is a nost preferred 30 backbone of the
present™inventi on because it is readily available by cationic

pol yreri zat i on Fraoofdahenwith b tkiadaspeet o .the insemipnAtHetSisqarbalyd b Sethdausth

_7_ polyisobutyl enes neral ly contaip resjdual ynsaturation in amunts of
about one e@ﬁbglé‘i’?aﬁmﬂ ﬁ’tﬂcé‘?%ﬁ%cfoﬁlﬁm BE‘P prAguc &%}O%?Sﬂ%ﬁéaa%oa 3t he

chai n. Pol yi - [ n
mydr osar borf B Gy R0 B, BRnKAEF R AP GINLAKE fapBh Y AER LRI BRSHNET ot
900 to aboukadtam®lsin)yrtikedsadeds) hmingngspeoifici configngtieme are wel | known.

Processes for reacting polyneric hydrocarbons with unsaturated carboxylic
acids, &nhydrides or esters and the preparation of derivatives from such

conpounds 1o ar FaE ] o] ; :

SO, 77 3, p5EolsBfingagguhia kubox B R Ma e WneM fuochyddes it

3, 565, 804; tBe akRhotbel;thd piekent3d@&ntién 2idkdd3on tandovedB-résidul 40] R 2. cobkest, Pat ent
No. 4,234,435 describeg a process,for performn uch _a reaction whereby
the resul {158 BBRUBIeRRsN PEONIS § PiEherspaREiSRyon Babey I sHSCGLAR VAPFT “have,
on aver age, 1ogbobh€RAAd dn McFRASRORYEIIOF a0t RErdARNnt (RIS GHY SedifenBeARLSRat he
carboxylic group "functionalizes" the nolécule (provides a site for further
react i ¥ wiartreduged toxdgnels @y whichdiliraikoroof the dinalyrodent dmit reguirgd. pr oduct s can
be described as having a "functionality” of at |east 1.3. The degree of
functionality can also be expressed as a saponification nunber. The

saponi fication nunber indicates the mlligrans of KOH needed to conpletely
saponi fy one gram of PIBSA. 20 Saponification can be defined as the
reaction of an acid or anhydride with an al kali base to forma netal
carboxyl ate of the acid or anhydride. A reaction product of polyisobutene
(nol ecul ar wei ght of 2225, A/ l. of 86% and mal efic anhydride in the
presence of chlorine (PIBSA) having a functionality of about 1.3 will have
a saponification nunber of about 55. In contrast, such a reaction product
having a 25 functionality of about 1 will have a saponification nunber of

a-t =




30 agents (e.g., the acid, anhydride or ester noieties) onto the pol yner or
hydr ocarbon chains, primarily at sites of carbon-to-carbon unsaturation
(also referred to as ethylenic or olefinic unsaturation) using a hal ogen
-assi sted functionalization process. Functionalization is acconplished by
hal ogenating, e.g., chlorinating or brofinating _g_ the unsaturated
a-olefin polynmer to about 1 to 8 wt. % preferably 3 to 7 wt. %chlorine,
or brom ne, BRaESEDESTCRIPFIONI QINTHY FIGUWRBSr or hydrocar bon, by passing the
chl orine or brom ne,through the polyner at a tenperature of 60 to 250C,
preferably 110 Fig 1gocgraphglottinpresidgalichirzinerconteabaya funcson of chdoringrtef er abl y
1 to 7 hour : 0 i ter
backbones) @%11?4;5'? ﬁreaglott;fgxl %ggtgﬁtézﬂ\)}m&?h%gg?ﬂ é(;:fl ﬁl&ﬁ ﬁ@%ﬁeﬁﬂaa‘{ct}ﬁgg fg(r})% Peaact ant
capabl e of pitithed Bldderdidk ndladevibinesystem. t he backbone, e.g.,

nonounsat urated carboxylic reactant, at a tenperature of from about 100 to
250C, such as from about 180C to 250C, preferably from about 180C to 235C,
and for a tbﬁ%AﬁEﬁbﬁggcﬁIﬁrmb@nnjﬁ@ﬂONS to 8 hours), or until the
product |0 Totarned contarns thne desrred nunpber of noles of the

monounsat ur at edSeisatdekydrocarb@aair polynpes eiplogedin thid inganahencibdckbone.
Alternatively, the backbone and the nonounsaturated carboxylic reactant can

be mi xed anBOReRABRCHnINtEPIYICHLIAAVET PRCYlaT WakghhBYdrRearketsa Onegamilyy ap v,
the functio i 4 i fjgmgr_ nd
car boxylic g@%“?g’??@’ﬁ%?ﬁ%“ﬁ%ﬁ%@@ﬁ?“%f gﬁ?é\%%%@?;\% ?gs ced&?ﬁ{i gg\;llggt he
reacti ofp M tiedsenulMHIG=CHIR] wpidkin Rhistsemipat 8t bitafictied chhinvilllyl kaiisgd from
about 100C to about 180 to 250C (e.g., 220C). In this preferred process, at
| east about corfptisifig 1 he 2@ harbpoh nemseypdiyéhesain gt dymerecanteny @alpan-Rcarbon

tenperature reaches 170QC. . Pref.err,ed npnouns at reactants used . to
U6t onal | PEATE Ou SR GAR 201 EoHERPED! RERGA Shaaes Bl oradgh
material, ip&lymeAChbly cRPNY intéepol PheR T SthsRn6handat Rhdtdne aiphGlowdin6r thé )
nonounsaturated C4 to Cl O dicar boxgl ic acid wherein (a) the carboxyl groups
are vi ci nyl abqve fermulpoehareis Rris abybefdremdded Srraghapratgmaraad pye arefereblyt one,
preferably ho i | ca t sali 0

unsat ur ggti 01%;altl |1i0§;§cr(§)2r?|i \goa??{i/rgggg#ontsf ?Ip(gllq}gﬂe I%gF eé%gé@?éfegg%rl %jj%agB @%

al cohol der atoad. Therabore; useful diphatcdéfin mbnémprs apilicomonomersindhds, &red C3 to

Cl O nonocar boxylic acid wherein the carbon-carbon d%ybl e bond is conjugated
with the caPHHRF RPBURNS Putene-lohexener] seqiera Lremethyipentsne-ladecepel)

derivat i vesq@eckhd-1)ridbidhe s idtagdBnEY, phif eénedf,rﬂe%s&ecepél&)-he%{jgb ters of
(iii). Mxtures of nonounsaturated carboxylic materrals (i) - (1v) al’'so may
be used. Upoctadezant-il omonadéedeneHealrhmktiores therdod (engn mirsiagsuf propyterefaniihe 30

t ur at ed boxyl.i t ant turated., Th f | e,
ol of 1 o ShnnDtEerd: BRCEULE), FRERIEY Sl S RrBg s e LoRV e o el rang
acrylic aci guReIMomdpaR ks esidist frbpiiest &Hp@l}!lﬂél’é,%tl?ﬂéﬁb—bt&éﬂ?ﬂ ary of such

nonounsat ur at ed carboxylic reactants are fumaric aci itaconic acid,
mal ef i ¢ aci eopabynessiand dhenljke; wherein the pobynesicontins at lagsi spmectaImpinahaidégrc

anhydri de, i 1.9 i i i i Cl ] id,
and | ower afr%'ﬁgl(@sg&?&epﬁ?})%éya# @gﬂ%&aag? Hﬁgeag'%rg{rég %8%1 b’ ﬁigrsf%f%e oﬂﬁeg@%e. g.,
met hyl nal epicpyleft and ethyleae ahé butenel 1 Mahb yhtefpolanets of thihavemiaunsat ur at ed
carboxylic reactant, preferably nmalefic ang%dri de, typically wll be used

in an aRbunEOMaAd RFOF AR St 0-0 103 mele Ipala Cate (ue nopscopjugrieddivlefin 5 t o

1I0wm. % b J . cga@{_ﬁtional
pol yi SOb?Jt y?@ﬁgn(ﬁgesg gﬁ@c%?eg’h% 18%§5'ef%13 .@1‘% %ﬁ%fﬁggéﬂ%&%wn@fbn % Vi nell , 63-67
mol . % tri - sulysdphauelefin homopdlgmers2 hit¢rpolItnempdf alpha-elefin-comonointstand end 10
groups. The.vinyl]idene.and vin oubl e bonds do n readi |l y .add chl ori ne
nder "t he cUNPRRYFETLEr SERERs B WERPERBSmoRRES oA S doub o
bonds do nopf fh%%l)lsr%{)er% gﬁg%oyrérlg }irhth‘im]y@rmdﬂrib Bf‘cféiﬁgléfin CAEEBEL0 R8O %,

condi tions. About %of the tri- and tetra-Substituted

unsat ur a@ ed asthohoyy prefesably 30tto WD T Whieo propylahgrandiprbhtenadi aie Emplayedns pr ocess
to produce nostly shart-lived interpedi ate chl arinated, 15 pol yi sobutene. As
2 Beuit - of SRR i seiient e eBRanEr el shErtah et Bihon ¢ b

pol yner at hfé‘fé’abl?'b‘étw&nw&ﬂéﬂ'%, ABHoREh hi BPYEIOWRE e fink CBAteh@InhSy B
elimnate the chlorine. As the reaction proceeds sinultaneously wth

mal eati on, pEEsedti c anhydri de nono-succi nated polynmer is first obtained,

fol |l owed by bis-succination/chlorination on newmy formed doubl e bonds
resulting fromHO elimnation. Sonme polyner 20 having renmaining |abile
allylic chlorine fromthe tri-/tetra-substituted doubl e bonds, sone polymner
with chlorine in the backbone, and sone pol yner containing unreacted double
bonds is included in the resulting PIBSA product. Polyol efin-substituted

oy - o o o,




200 to 220C for a tinme sufficient to allow additional a, (3-unsaturated
carboxylic reactant to displace unreacted labile allylic chloride via a
Diels Al der nmechani sm Soaking at el evated tenperature nay al so cause sone
of the of a, ~i-unsaturated carboxylic rgactant to further react with
unreact ed doubl e bonds in the polyner backbone of the
pol yol ef i n-substi tuted carboxylic acylating agents via an "ene" nechani sm
which results in a higher |evel of functionalization. The nmechani sns of
both the D els der and ene reaction, are Ll. kn t h f_qrdinary
skill in the ar i NESFPONRYP (Y OEPERATELRY Bﬁ%ﬁg%lggf%\@ﬁbog‘f%" ﬁ%ﬁo‘ﬁg’ Bcessary.
to The addi fi a0k oRERPHRLoIIN Ronomery/Srahikbiatecbmiispepsthiiend aatitasdst seeded to
reduce the chlorine content of the polyolefin-substituted carboxylic
acyl ati ng agett Crenjphseolalinl awnamennn theedrpsencs of 2 epiplyganstamsionpigingadct i on of
t he pol yner, and a, sunsat ur at ed,car boxyl | 2act | y, the
addi t i onal ]zfﬁ%lfﬁlf’ =5 %gqce'@%teu%s%f}(ﬁl%eg%%é%y kgr)%résl?t?%n Ir%ggtl: Qh{’&{nsﬁ?é#’]d;&lged to
the react or zlamindka¥ e6mpodid. ﬁJsiﬁ@tfﬁ@?r@bWs,aé pélymer fwhiek 95i% of &ed éfithe pri or
to or during the formation of the hal ogen-assisted initial reaction of the
pol ymer andpelymer chpinsapassess sefmingl sthepyiidened ps unsaturapjarcap bemaevided: fae
addi ti onal o) - t : 1 G C t eact or
Subsequent POCHRest Bhune AR bR EE AR OB ARk 570,
unsat ur at edd@ambiasy by FTIR apdctiokcdpioatal ysis dtrakat, or &' hNMR dHitérpolyalets efhount
is defined as an ampunt of fromabout 0.1 % to about 10 % preferably from
about 01G othivlattboiype FrayoberpbatacieriesdEputieyformamPEBoHCR = shpieR 5n t he
wei ght of starting polymer/ and a, (3-unsaturafed carboxyljc. noiety

reaction pr6utRE2s BdrPreably Code etk damopepretsiahly Lo do &e alkhgap mest ¢
pressure, o I t es Wh&¥AL i's
used, the pPrecZésrﬁ@B %}S/Y—%gﬁ{}%%?%ﬁ#&%ﬁ{ﬁ e%ﬂlor hi%h@fgg?gg%ﬁgsgg up to
about 3 at npslyher elsain e ciedinlaigtigoft the RAdtkiyl gonwalwilinmondepehdiag on the
(3-unsaturated carboxylic reactant .to the reactor, prior to or. duri.ng the
hal ogon- assPEPRPIAIY Selecie ARG G AR b Aairosamat of (G et o
car boxyhsd ¢ geasd @toontaieterddiil bhemva! i.c. 2VRYN tindaurtl@dn, AR IPOE YAaOHRUPIH) bin®f
fromabout 0.1 to about 10 % preferably fromabout 0.5 to about % nost
pref erabl y #&poricaldube folymes miconmkciagsnad mdernvenseumgtion,gfg. XOla¥-unsat ur at ed

car boxylic -11 reactant needed to forma igol yol ef i n-substi tuted

car boxylic @&%C&ﬂﬁlﬁg, whesein Faiviapgefined abaveelbese terpnalbf ugsaieatebnal ity .
Thus, in on t cli j i d by 5
cont act i ng THEPRREEE g b8 PRl B Bl e R S e g
noi eti es aspriphediasdescibedin Ulidacknt Noe. 3,4@8,8¢8St66301 30t 3708872nd whil e the

reaction te rature |j 0 ised fromabout | 00C to about 220C., with
at |eas?Oabg§ﬁ43656€95i82§e%4%Pé@gi ei ng added before the reaction
tenperature reaches 170C, and allowing the resulting m xture of

pol yol ef i n-substituted carboxylic acylating agent and excess a, (3 lo

unsat ur at ed car Bawiher gsefelddassraf polymasaincludetis polyniess prapared by icatiamc of
chlorine, at _an elevated tenperature, such,as 180C to 250C, npreferably 190C
Co 230C " moReRBrBIEL R BHEE, Bl 3t RGBS O e T BTG s

addi tional gclude-polyiadintaics dbGaicd ol gméreationdt O, efiicsPhtasaen Havigast ed
labile allylic chloride via a Diels Alder nechanism 15 In addition to

provi di 3y abrieneeeierinf PP Sctoribevit 758h Y Witgaad ap ispbptege contpritaf ghawti30y and

activity, i n_f t oth . ] .

(3unsat ur at {eodgbgozlrt Elc))%%bip‘gg‘rlga{@%g%fq‘ é&%&ﬁ%&%ﬂ%&?#ﬁﬁ%ﬁﬁg@ §11su%?:hmrlrr\gnt to a

| evel at whiridhldridetoraior@ntridfuctide. prmeietieddoalice bf anebined forahaking poly-n-

sedi nment - r educi ng agents becones 20 unn ce?sar)i1 J&‘th er V\Qen %tﬁfiggl ment
.h 2

reduci ng agBhiengssis pegleum; fegdstrepms sug ﬁ%ﬁf inae g5 desdtogks ) edr at ed

carboxyl i ¢ fieaglilch Bl AT B PaihrRbU 552,98, PollsbButylihe Se8liBRrefedHCi N9
agent and that heat soaking in the presence of "the éxcess a, (3unsaturated
car boxybd c backbbae dbf thegresestiimventamhecusefit secidilyravariade by cgtiament provi des
a product that is, substantially free of sedi | ess than 0.08 % w. %
25 prefer abp&yﬁ'ﬁn&%‘@’. QM Ruteng; stregraf) (%g"P?IBﬁfrTAg&&léqtgyﬁfs)Oga‘\ﬁP. % sedi nent) .
Sedi nent reducing agents suitable for use include oil soluble strong
organi c acids, preferably oil sol uble hydrocarbyl substituted sulfonic
acids. An "oil soluble" hydrocarbyl-substituted sulfonic acid is one that
is at least 50 wt. % soluble in mneral 30 oil at 20C. The hydrocar byl
sulfonic acid may be a natural or synthetic sulfonic acid, such as a
mahogany or petrol eum al kyl sulfonic acid, an alkyl sulfonic acid or an

al karyl sul fonic acid, wherein the hydrocarbyl substituent (i.e., petroleum
al kyl, Iinear -12 and/or branched chain al kyl, alkaryl, and the |ike)

oy " I



5 The hydrocarbyl substituent of the sulfonic acid can contain

non- hydr ocar bon groups such as nitro, amno, halo (e.g., chloro or brono),
| ower al koxyl, | ower alkyl nmercapto, oxo (=0, thio (=S), imno (-NH),
ether (-0), and thi oether (-S-), provi ded the essentially hydrocarbon
character of the substituent is retained’for the pur poses of this

i nventi on. When such non-hydrocarbon groups are present, they wll

general ly 1(pdiﬁ'pmlnﬂ;ﬁmhesrgonmﬂyecmmain reshdusl uiRRtioinaimaunts f abait onei ght of
the atonms in the o substi t uent The ferre dr ocar byl

substi t uent qt&%’?’ﬁéﬂp'}ﬁ %8 PRI IR E?Weﬁosétﬂﬂr\e e dhg a?‘%re accordingly
al karyl sulfonic acids. Al karyl sulfonic acids can be obtained by 15

sul fonating al kyl substituted aromatic hydrocarbons such as those obtained
fromthe fracti dtayisomtpengppelymesuwhbry epbyed,|aat gamaradliydiased axhydnotartom, or

by the alkylatjon of aro |chdrocar ons .a or e I t.ho t ai ned
by ol kyt St | rrbalse hetine X Thos R e/ O e e e eian ol Birm SDGTYf to it £.300.

Preferred aljlgamyhs ﬁ}flxﬁm%p(ﬁ?ggﬁn*lgﬁé #e&dihQmobt ai ned by the sul fonation
of hydrocarbons prepared kyl ati on of benzene or 20 toluene with

tri-, tetra- or pentapropene fractlons resultl ng from pr opene
pol yneri zation. TJhe al L%a }/ n| C. agcﬁ_ i cal contal n 15 to 76,
preferably from'Z8°¢58546" eé‘ %mfj‘?cé Y8 'Tsr%‘m a{ucgatg%ceer ?’éﬁf car bon

atons. The aicyds, aiyRbidescaesRes 2 tHEpie E@ﬁu&ﬁ BVt FésOmErhisGc oA pon such
as benzene, nap ht hal ene, ant hracene,

pr ef er ably dee dl\ﬁ@@wdﬂ@rﬂ BehatentaNasy 34@&?}&5 ﬁ??e89a?gg@tlgg70|ﬁ’l)gg3 ]pgg'f erably
dor ved 11 om bongens o7ig,py SeL RS Ao, BIRERASSH PR ool vPi o2l 1y

contain fro preéefer nore preretably"from 22 to
30 total carfp3y48%aRd GB-KhE440, zw IS'SbPhtleﬂtLNGM L1, 435Udsstibdd@rpradess fort he
aryl noiety. 30 Particularly preferred is an al kyl at ed benzenesul foni c acid
havi ng a M Rﬁfoffl‘lm&S&Wl’éaf‘%ﬁcg%Wéﬁ@b&Hleaf\?él%lagéPﬁlﬂo}zfla’rs!éwtlt\gtﬁéG?sfé)o é‘rel n
each of the g

-13 The al ky g{%hg égg@g%ﬁg&%gh ?)?1% rg%ge;a?tﬁl?? rb&%yl{f réljépcs aci |s obt a| ned
by knownsal Kdcatiseahe parbo:eﬁtc@t;)ulﬁ“fgnctldriahzdséIdmemelecwla (mvrdeaaisadfom th a

sui tabl e al kene or oli gomer. or g¥ner ther in the e of bor on
SrEFhor i de TR a O for bRl R PR RR CROSPETBR £ B y
empl oyed i n deB&itRUABARRL A @HctibhRity” stdtoRi ¢.3aaihd d@é&e@?ﬂﬂcggﬁ‘%ﬁf"@an
dodecyl benzene, waxy al kyl ated benzenes, and benzenes al kylated with

suitabl e br atssHecexpressed m%apemﬁcaﬁomplmhﬁr7D’heaanmrf1catlomumbmamd@dteﬁrom
propene, butgne,... Jres thereof or.the |ike, fierably, nonyl
or dodecyl tﬁ gmlhﬁ ﬁoéﬁ?ﬁelnrce qutiovcgfné)rﬁ ely SﬁPO‘“% rieuﬁr%moquiég s is

enpl oyedoi N Sapenificeis &inieiefihed Reths wedcdoh of a@a@ld ot @nbiykeide with an alkali
hydrocar byl -substituted sulfonic acid is used in an anount effective for

preventing dwlsaioforasumetn) sarbaylpte pkthe peidrosaphydris. Jf repetdempiodyctiady t he

sel ected re f.oni c
aci d enpl oy *lg&t %éng??%gggﬁ{%?%\éehh? ?%%2%/\2\6{1 oﬁ"?@‘gol) Iaéé" @?Mrygﬁfdgﬁg % rom
about 0. 05 tpresenée wﬁchl&ﬁne]ﬂ?[lﬁﬁm bavaulnd yﬁﬁhcmﬁnalﬂy Of Bbowtt .1. Z%vﬁlahaaxé aon the total

h f th ken n h r I I
wei ght of 't Sgpgn?%lg a{onenu?nb%r gf gbo%t g% n go%é astI (s:ucheaar%%éatl(;[n product having a

25 functionality of about 1 will have a saponification number of about 48.

The polymer or hydrocarbon may be functionalized, with carboxylic acid
producing moieties (preferably acid or anhydride) by reacting the polymer or
hydrocarbon under conditions that result in the addition of functional moieties or

30 agents (e.g., the acid, anhydride or ester moieties) onto the polymer or hydrocarbon
chains, primarily at sites of carbon-to-carbon unsaturation (also referred to as
ethylenic or olefinic unsaturation) using a halogen assisted functionalization process.

Functionalization is accomplished by halogenating, e.g., chlorinating or brominating



It has further been found that chlorine content can be influenced by the
speed and conditions under which the polyal kene and the di carboxylic
reactants are mxed 20 in the reactor and the configuration of the m xer

i npel l er bl ades. Specifically, it has begn found that in mxing the
reactants, the use of high speed m xing c¢onditions and/or the use of
dual - pitched bl ades) (conpared to the use of a top-pitched m xing blade in
conbi nat i on thé tisaturhtet weetefin prlyhieato doatié )Xo Bivttl %, predierald y Buot’mer. % educt i ons
in chlorine. Under high.speed m xjng condjtions, the inpeller to,reactor

i anot or 1 aichiSrIE, QPG BT s Hedrpk BRIRME! oeingebibom Bptieind. 5 t o
about 0. 75, R el bkdinink ARoReBiHeGoRRRtat 9 t&Rper iR o0 L5080 Yor fepBAbOUL
0.35to about(%fSS. T ennixergnayq%E opéﬁat%gmgt sﬁ%eds from’ 603t 0 rpm

t o about 16000rtpAB0NY.efer ity 1#0UfoAgaupthstto 18bpraferdbdp0 to Frimoursoslkhe
preferably from aboyt 200 r 0 out, 120Q. rpm.. At these m xi ng, speeds,
Dot o, i elfplagengied aefsmisr BP ki B stetner Byt 851 T o6 "SGRy ab
about 15 t 0 ffici&itGhordansiurh@d 2éctdi SipableddfaidaipfuhdiihPRBidliesd the about 40
HP/ 1000 gal | ons of nvxing energy is applied to the reactor contents.

Furt her, undeckbdriegtigs pwadynsaturaedearbax Wiomgadamdatta tomperaiure bfirotmeadouf ound

chiorine corglitadstiihit fESmavalitialic to 250 pevebly Fimebittane el | "
conbi nat i on st adoet b aMedirskobt @ (Pl PEGurs twhg 3 ePEhakEY oflndl e BRRkBD! €

speed. Under hIgh speed m xi ng conditions, e use of a dual-pitched bl ade
was fourl@ t ®btaingd ehmtaing Gddesiradmumber of m@lasiof e meneumsatoratedearedxylibout 20%

corver e, .2 AR ARSI BEPHISHLI e FOTRLORAO. o,

di spersant stbicibksufatyd dagisoxiylic tesetaat cancbd mined@adhsated Wiile adding chlorine

pol yol ef i nsubstituted carboxylic acylating agent, as described supra, nmay
then be fur ttAdhe Rtmajenal, Beeftrably. therfupgtionplized backlaneds farmed by ORRCHRE ani ne,
am no- al coh : - )i : - a
correspondi ;Hg];e Hzl!rlrﬁggrtg %)r\i/ gﬂ@@@é)@{hc;ﬁ%{aﬁgk@%% ﬁlr? (I;E stl)é% g% &Aéﬁﬁ/fg? ilt‘g?&nugeé 8"
functi onal i zkelrqaotigmeisueomhile se reictiomashperamrais sheviymdisedfromoabont se one or

more additiopal am ne or other react]j or_pol ar groups. These am nes nay
be hydr ocar BYO"GHP AR dE0 SR.95EE GrEedBih i QisyiFBES PIFPSSafh RS p6Rtuni ch
the hydrocarf offeWRIdrie mlest £1dBE be@rOtRTeactiofl temperatiyekeants 190QIPS,

al koxyl groups, am de groups, nitriles, imdazoline groups, and the |ike.
Particul arly useful am ne conmpounds include nono- and pol yam nes, e.g.,

pol yal kene and | | kyl en I 1N of out. 2 .tag 60 ch as 2 to 40
o e 5o 20) Gl P B R R v B SRRl ihack Bl 5°, 5 15
and pr efar aloynpdist enchonbiid OigeiboRyltdcid eiaterial, & @Ylaeid, Mhsiddide Soraicidpéstere

conpounds nmay advant ageously be 20 used, such as those prepared by reaction
of al kyl ene BatRaERlL He g himeBonnsaturited Gy FuloicateexyiE acid Whareini (@) B8t ur at ed
am nes, includi - . (i1, 30L.A0 ; : sl am ;

T d: am nobiriag: epths BN, (b bl RO R AR Larbor aEnATLOR) SRS

di et hyl ene toneapiefarably o, bf said edjnednt amiboe atdnet ara bt pf eaié npaot am ne and

I I ' h 1, 2- pr.opyl i am ne; ddi-(1,2 25
o7 obyl one)  rranpren: Goegyecies pElS RS sebifEim e G e Caeleohskdeeyes
di am nes,ss UGhods. ok diitdrAoR MR R MidnbufEliaREXAS CANFOABIABAGNE kRl WhirtROCN

conpounds such as imdazolines and al kyl anline-substitutedtriazines, such
as 2, 4, 6 3betabhexarbenidphbladdndis conjugatedrivite thearvxybgrodpsior.j dfgblei n U. S.

Pat ent i cat] [432..7 . al.l . b 4 2000, th f
cl ass of " am FEEMPE-CRE QA FAEAEIemA S 5 8 eh bCaif GedoaoldRBirEsed n
.S Pat ont. Moo of deereafiit 1ABGurtOF mibnihedpicca it ARIBRARIs A Tivysabl ©

is tris(hydroxymethyl)am no -15 net hane (THAM as described in
Pat ent Nos. asoumgy bogseds Upm wagionawith thegmekbengdthgrnowunsayaratipe afithener s,

star-1li anm - . 1.nes e used, Sim.larly,
one. mmy oo BTRRM AR RSO FALEE bR AR R “Ef R e gllis 2 ¥
"heavy pol yadhpesde badnide dackboae subsdituted sugeifc ahiydridy, Aideaceflidhchi Pat ent

Nos. 5,565,128 5,756,431: 5, 792, 730; or 5,854, 186. The
pol yol ef i nsiesemespackbens-pbsiituted proplomq #ad absemplesnofsach menosasamraled: he

am ne conpo §: ent i . i i.-he 0, le, in
0s. patent. MERSEesaeRL rangtc b6 DOHE RS pfIE bl Bl SUaEE ©1,
The pol yol efin-substituted carboxylic acylating agent nmay al so be
derivatized with hydroxyl conpounds such as nonohydric and pol yhydric

al cohols, or with aromati ¢ conpounds such as phenols and napht hol s.
Preferred pol yhydric al cohols include al kyl ene glycols in which the

al kyl ene radical contains from2 to 8 carbon atons. O her useful polyhydric

- o o o o . Y o~ - . o, -



Particularly preferred ashless dispersants are those derived from

pol yi sobutyl ene substituted with succinic anhydride groups and reacted with
30 pol yethyl ene am nes, e.g., polyethylene dianvne, tetraethylene
pent am ne; or a pol yoxyal kyl ene pol yam ng, e.g., pol yoxypropyl ene di am ne,
trimet hyl ol am nonmet hane; a hydroxyl conpdlind, e.g., pentaerythritol; and
conbi nations thereof. One particularl referred dispersant conbination is
a - 16 corblonemalsic @id,(chyormalyiicsmbu{ ideerrrykiabad,irnethaaylid 200d,cueteniai ¢

pent aer yt hr e8RS GBI AL bl (oo M BRE einsl s Bs opsesin ene
di am ne, or e(@)m&hgpw@hiéyétﬁwefuﬁiam RRd nftity]l fuRSlae TTHe efoudbAdfaitd and
tetraet hyl ene” pent am ne using about 0.3 to ‘about 2 noles of (B), (C and/or

(D) per nol @axbroxym) reagqant, meaferpblefr@arlclednhiycbpi@r@amlltmﬂbbnasqdon an@mnmses a

conmbi nation of ol,yi envl ccipi

pol yial kyIPené % ﬁ‘ﬁﬁh"é%'“@gwm %Wo[u} Z@yﬁ;‘?gﬂrg?eﬁgﬁygr%dtﬁew @( ?66% on tB‘Ii“yhydrl C
al cohol or mlgmMrtm(yG@Mgﬁ@ﬂ}{yu}&qrbﬂnl phatic primry am ne, e.g.,
pentaerythritol or trisnethylolam nonethane, as described in U S. Patent

No. 3,632,511. 10 Such ashless dispersants can be further post treated by a

T e o e T e e S

di spersant ivgnyle68}67 YnokCHafRUbsIeEd Biyd AR 20 BE 3@ Mod ¥ ltetfi-§ubegRedeaat ai ni ng
di spersant with a boron conpound such as baoron oxide, boron 15 hali de,
boron adPds grai. ddedinyligenpadoringddoyble hondsdo aptandilysaddishiorinerunder the ovi de

from about  Qedech it ADPHcRth Ahllichs PTRPYIAAGR. B KA ABuiRbofBcds HB! & Of

acylated nitrog conposl ef u per sant starn from about 0.05
to about 2. Qeadlily%eac vgththécblnnabonder@uﬂﬁrehmicmb@mﬂumn? AWbo o 800 ®0. mdlh e
boron, which pears.in th uct as egehydrat ed bori, gi_d pol yners

(primarily ObBSARN fetray F%Wté ungaturat ath%oqméeagéwa$l§g rBE & i des
and diim deg ?fl@a'ﬁ'oﬂ‘fjr%'égstt%pr@dlﬁe dsti§ sHEL-RReH f’htttﬁnﬁaiattc Eﬁloﬁﬂﬁecg' i mi de.

Boration can carried out ng fromabout 0.5 % e.g., from
about 1150 @olysobBtant. g’bs(msébbfannddmoh\bngmomfes&wl crﬂommwrbedonmdmmd) of

a boron conpoun r ef .er abl cid al.lLy as.a slurry, ..to acyl

i trogen: colormamaha Reditnt i Rheh B mieid gpnds S dotints BuhPaldfs
190C, e.g., chitffae! AskifOfeac@bn protedds eimdbabbusly with aektioR, llih@mosanhfyeﬁh@wed by
nitrogen stri pping. Alternatlvel , the boron treatnment can be conducted by

addi ng bor i eneporceipaigd rp@!ymeéascflr%ﬁbﬁm@sluﬁoaﬂowd by bisgsussinpsry/chlerination

mat eri al rg,ng I e cesses
known in thgmglr gorﬁﬁaépsfi% u%lg%gxaﬁrﬂel\éﬁﬁgrﬂo&qﬁ?ﬁ ﬁi}ﬁpﬁﬁaggﬁnﬁa anegous

chl ori navi oﬂn/avmgeatmmmgdamteﬂgrhkzmldrm fmmdtwm/mraes‘ubSﬂTﬂumdldwblemdmdgd

pol yi sobutyl ene-s bstl tﬁ'h?ﬁ Sucgi Fi g zi\(ghégri ge (PIBSA), PIB and a m)l(‘g

equi val ent 6Pani’P e W priRfindhe bagkbate. Sad SeRe BPIYEETCONBINbRE WieRtitbugh
the reacti opoublebbnd fstxh'élﬁdémhkﬁe k@@mhg@@ﬁsmr&ﬁwepa Hlefin! sﬁbétﬂﬁ{eﬁased from
120C to about 200C. The reaction m xture is lowed t0 soak for 4 to

hours and stcetboplic acylto@eeent faboed by Q@@hﬂ@m/‘kasmwdtfenqmnelMIQd rmtlefll c

i nat 1 on PigHtsd ghote BRUcRRARIRIS orif FhAGE Re PR PP HLhiRe 1 Bapss o 5
W. % Bxanphie rid@0Oothe ESARANMNE peRoIeT-{ B arktyTic adQAhPRnE ) Was

charged into a 5 liter reactor and mxed with 65g of mal efic anhydri de.
While stir nringvmgdemdualt:hbgems contackes widhe sineH amoxmwfeaddamﬂabat[éd to 220C
over a period of a&ﬁ utm The coné‘gnt of the reactor was all owed to soak at
220C for 6 MBEAMWrafGdRrRaxyHG a0k eni ng. A pH ammoni a test indicated the
evol ution of HC during the heating period. HC

This additional amount of o, B-unsaturated carboxylic reactant may range from
30 0.1to 10 %, preferably from 0.5 to 5 wt. %, most preferably from 1 wt. % to 3 %,
based on the weight of polyolefin-substituted carboxylic acylating agent. The
resulting mixture is then soaked, with no further addition of chlorine, at an elevated

temperature, such as 180°C to 250°C, preferably 190°C to 230°C, most preferably



evol ution was greatest during the first two hours, and di m ni shed during
the remai nder of the soaking period. After soaking, the product was
stripped with 15 nitrogen for 1 hour. A conparison between the untreated
PI BSA (Exanple 1) and the treated PIBSA qof Exanple 2 is shown in Table 1.
As is denonstrated by the data, the tredfed P1BSA had reduced chlorine
content and an increased saponification nunber. Table 1 Exam|e No.Examle
1Exam | e 2MROCha220PE vReEast subicidiene ellew addidondRe fetrisaturafedesdboxylic

hr sSAP48. 755. 9Chl i, Content ~1900790 2 | ) h 6.Th

SLiCi nat i on r§35tas! ?‘géégﬁé%‘gﬂgagéedd%@&p%ﬁ’%ﬁcg@g%ﬁﬁﬁi% },“p({??%lgeﬁ@q*ﬁ%gA of

Exanpl e 1 “%%aﬁﬁg'afaemgd &@efa%ﬁe lrr%dy%o%a@%o%@gﬂﬁé of &?B-%H%@aﬁe‘at ed to the
n as I n anpl e .

sanme post-treat npari sons between the raw Pl BSA and

the 25 corr eapordid@apastto fudiasr echcPivBbAnmacted dowble behdyinithe gelbies 2 and 3.
Again, as i s shown bégat he data, the treated PIBSA has a reduced chlorine
cont ent &nd bagkbone pEEede! xodefnsubisditqdsarhoie AC iR EA2EAISVER Mheene

correspondi I - C oy . . amle
T oo MRt WChBEQA ) igher Bl A RO RALOR e R Ur
1Chl ori ne Coobtheht BR60 Ald&QAd Eabteaciforara mdlleknonts aliosk ©f bfdimary skillGivkheChar

a5. 0%reaction Tem er at ure220CReacti on Time6. hr sSAP57. 367. 4Chl ori ne

Cont ent 3850 28404 ar{Erthes descmntign theiref sbeuld b he 164ERY-he addi ti onal

I nprovenents achi eved by treating the pol yol efin-substituted carboxylic
acylating agent with excess a, (3 unsaturated carboxylic reactant in the
presenceoof an dahklddinenaiemsounubf @ f-onsaturdted ediborplic reactdnd megdad@nieducktO
Exanpl es 7 through 10 400g_of PIBSA (SAP No. 46.18, 1200ppm 02 was charged
into a 5 | thechierrgomntentaf thepelyolgtimsubstigicdsahmrlic asylatineaacat mayberr i de

(MY and/ 0Laddl ﬁlelf‘)(ﬂe initial halogen-assisted reaction of the polymer and o, 3-unsaturated
carboxylié reactant. Alternatively, the additional amount of ¢, -unsaturated
carboxylic reactant is charged to the reactor as an excess of o, $-unsaturated

15  carboxylic reactant prior to or during the formation of the halogen-assisted initial

reaction of the polymer and o, B-unsaturated carboxylic reactant.

When charging the additional amount of o, f-unsaturated carboxylic reactant to

the reactor subsequent to the halogen-assisted reaction of the polymer and o, 3-

20 unsaturated carboxylic reactant (post-treatment), the “additional” amount is defined as
an amount of from about 0.1 %, to about 10 %, preferably from about 0.5 % to about
5 %, most preferably from about 1 to 3 % based on the weight of starting polymer/
and o, B-unsaturated carboxylic moiety reaction product. Such post-treatment can be
conducted at atmospheric pressure, or at an elevated pressure. Where an elevated

25  pressure is used, the pressure may be up to 5 atmospheres or higher, preferably up to

about 3 atmospheres.

When charging the additional amount of o, B-unsaturated carboxylic reactant to
the reactor prior to or during the halogen-assisted initial reaction of the polymer and
30 o, P-unsaturated carboxyli'c reactant, the “additional” amount is defined as an amount
of from about 0.1 to about 10 %, preferably from about 0.5 to about 5 %, most

preferably from about 1 to 3 % in excess of the weight of o, -unsaturated carboxylic



benzene sulfonic acid (SA). Wiile stirring under nitrogen, the tenperature

of the reaction m xxure was raised to 220C over a period of 1 hour. The

content of the 15 reactor was allowed to soak at 220C for 6 hours with

nitrogen sweeping. A pH amonia test indicated the evolution of HCO during

t he heating period. HCl evolution was gréétest during the first two hours,

and di m ni shed during the renai nder of the soakin? period. After soaking,
1C

t he product reggtansneddsg saiformtapaiyalefinspstiBiedicagnrylic aeyptingrgenblavingder ed

using a 50/ 50 hept an dinent. test. 20 Results are shown in Tables 4
t hrough 6. ?argai‘gﬁeffﬁg?f:ﬁlﬂaﬁ?ﬁh%yre No. 78910PI BSA SAP

(start)46. 1846. 1846. 1846. 18MA Char al. 098. 09%. 0%SA Char
a0. 0%). 0%). 0%SAP48. 8156. 2844. 97PPM C1920840790810Sed.

(50/ 50) Tr ace0. 0Thus.60 00e BEARreidivces &) hoimcomdipabbackypnpds faumedrhy ~ 4 hrs~
4 hrs The dat f T I 1 I r
Cexanpl ob goaatle PESedeR0q i X QA MO bbadin Bloldies o)

as wel |l as as elgddfié isantroduced e iHeaesivheanik turtiavewhile thatiesctioh eerapaasnte of
mal efi ¢ anhydride is raised to 3% based an the wei ?qht of charggd Pl BSA,
a O

the level ofs Sewbiatied fiogerboutr ST tabewi228dme Wil 2t {eagibost {6 OSB8I ment
probl em a 91{3)1%%8‘0&%@[@@%@%@?@{ {e%éfﬁtﬁﬁ@&raﬁfm Eéxa?% 1"?'05"8, zggi' a?lfo'\hffng‘{ﬁ@yd” de

may need to be subje r tep. anple 1 nonst rates t hat

heati ng Pl BRAuitihgthixnabsepelgolefinadbktitated airboryiif dcolating gt dad bergso 1@ to an
actual reduction in SAP due to the decarboxylation of the PIBSA Table 5
Exam | elNo. tnseparaed gghospic feagtastito 57alg a4th melrthemddi i gatprospatousA

Char ge0. 290, AYSAP, 4 hr.sb6, 6256. opr 6855 .04 o

3 (start) 108etaeg ermpRrer S Pl sl e T OB A mestr ease 4
hrs27. 4Y38. &b N8 220T 1o 23 AR Allow additional o, B-unsaturated

vol % start)0. 1090."10%0. 10%5ed, vol % 4 hrs0. 06%0. 09%ed, vol % 6 hrs~

0. 10%0. 10% Tarboxidicareaftamad disphice nuticaeted 1abHa vllylid ehlonde ventlzinls Adflett he Pl BSA
decreased 15 about 27-33%in 4 hours due to heat soaking in the presence of
0. 2% sul f onf"EXY™ and about 38-49% after 6 hours of heat soaki ng in the
presencegs of 0.4% sul fonic acid,

In addition to providing a reduced chlorine content and higher level of
functionality and activity, it has also been found that treatment with excess o, 3-
unsaturated carboxylic reactant reduces the formation of sediment to a level at which
filtration of the product and/or addition of sediment-reducing agents becomes

20  unnecessary. Further, when a sediment reducing agent is used, it has been found that
the excess @, 3-unsaturated carboxylic reactant interacts synergistically with the
sediment reducing agent and that heat soaking in the presence of the excess o, 3-
unsaturated carboxylic reactant and a small amount of sediment reducing agent
provides a product that is substantially free of sediment (less than 0.08 % wt. %,

25  preferably below 0.03 wt. %, such as from 0.01 to 0.03 wt. % sediment).

Sediment reducing agents suitable for use include oil soluble strong organic
acids, preferably oil soluble hydrocarbyl substituted sulfonic acids. An "oil soluble”
hydrocarbyl-substituted sulfonic acid is one that is at least 50 wt. % soluble in mineral

30 oil at 20°C. The hydrocarbyl sulfonic acid may be a natural or synthetic sulfonic acid,
such as a mahogany or petroleum alkyl sulfonic acid, an alkyl sulfonic acid or an

alkaryl sulfonic acid, wherein the hydrocarbyl substituent (i.e., petroleum alkyl, linear



-20 with no change in sedinent volune. As the post-treatnent of PIBSA with
sul fonic acid al one does not reduce the level of sedinment, this
denonstrates that sulfonic acid and nal efi c anhydride have a synergistic
effect in producing | ow sedi nent Pl BSA. Table 6 Exam |l e

No. 1415161718P1BSA SAP (start)46. 1846. 1846. 1846. 1846. 18SA Char a0. 20%®. 20%
~0. 2090. 20%VA Char al. 0%2. 093. 0%}. 0%SAP £4,hrs)48.5253121531656.54PPM

C 1200740660906 boanched ghrain alkyb skkandgandghedike)dmpartgdigod solybilety. Bikceo. 01 ~

P BsA w t - 390 0 e aBm e Ry S8R R B cal% ol ¥l GRE RN D

i ncreased sigoutémirealie fyming dulfusiclaeidel of sediment formation that does not
require product filtration. 10 Exanple 18 through 23 200 granms of the P1BSA
of Exanples 1 through 6 were diluted with mneral oil (S 150N) and heated

under ni t.rogen Pﬁﬁﬁf. - - iyl lL.ne é%\é[}j s added
slowy Wr?i | e com‘r 0 I(r)%aﬁ’?)gg%t!s’str%dle@gafg@g%1;5%%%&?2?@%%?@8? ﬁrhélgc | (?\rgﬁvm th

t he addi ti ongrofipsRAbh ad hitro; exdbdo, balo ite. XL, vhleroasbremakdowet alk&b 1baer dlwpl hour s
under nitrogen atnosphere. The reactiowroduct was then strigp)ed W th

ni trogen forMeRaRPyOXA FEDedio (Afd: ipHBR ENH-eLther ((Grd aaddhisphght-3-) Pro¥idedr ned
are shown i :

No. 123456PI Bh%@%ﬁtr‘ %%%62%@2%5%@%%%%5%’ &E%&nlggs. %%ﬁ%gﬂfﬁ .%'5‘!1%?30?3. 7Di s
. V. % NO. 9lthisGflentioh. Poendith A6Bhydroc@boPRMbPS Br40EBO0 HkGAG1IGBACrally

10  represent no more than about 10 wt. % of the total weight of the atoms in the

hydrocarby] substituent.

The preferred hydrocarbyl substituent is alkaryl, and the preferred sulfonic acids
are accordingly alkaryl sulfonic acids. Alkaryl sulfonic acids can be obtained by
15 sulfonating alkyl substituted aromatic hydrocarbons such as those obtained from the
fractionation of petroleum by distillation and/or extraction, or by the alkylation of
aromatic hydrocarbons as, for example, those obtained by alkylating benzene, toluene,
xylene, naphthalene, and biphenyl. Preferred alkaryl sulfonic acids include those
obtained by the sulfonation of hydrocarbons prepared by the alkylation of benzene or
20  toluene with tri-, tetra- or pentapropene fractions resulting from propene

polymerization.

The alkaryl sulfonic acids typically contain from 15 to 76, preferably from 24 to
40, and more preferably from 28 to 36 total carbon atoms. The aryl moiety can be
25  derived from any aromatic hydrocarbon such as benzene, naphthalene, anthracene,
biphenyl, and the like, but is preferably derived from benzene or naphthalene, and is
most preferably derived from benzene. The preferred alkyl benzenesulfonic acids
typically contain from 9 to 70, preferably from 18 to 34, more preferably from 22 to
30 total carbon atoms in the alkyl substituent (or substituents) in the aryl moiety.

30  Particularly preferred is an alkylated benzenesulfonic acid having a Mn of from 475

to 600 and an average of 2 alkyl groups wherein each of the alkyl groups contains an

average of 11 to 15 carbon atoms.



-21 Exanpl es 24 through 27 Preformed PIBSA products were post-treated with
1 w.%mlefic anhydride at 220 C, for 4 hours. The resulting reduction in
chlorine content, (at relatively constant saponification no.) is shown
below in Table 8. 5 Table 8 Exam | e No.24252627NMA Char

a017001%BAP48. 747. 44S. 047. OPPM Cl 200012352072810Sedi ment vol . | ~ Trace
~Trace ~Trace ~Trace Exanple 28 300 grans of the PIBSA of exanple 24 were
di luted with m riBreadlkygiated benzE0e Myedifor predaringthe dulfondeacidis ohsajoed by anket to

bout 140-145C. Ethyl | yani P ded sl.owly whi |1
Foan ng- cau B By RTIERBIUSE: Paltd e R Pt SloB R

reaction m diidbmelspSigakLthertof HPOE phEndeWd bBRIABIUAGERS. AinbhPEARTPioTOSpher e
and the tenperature waS raised to 160C. Wiile maintaining the terfperature

at 160C, 23.¢paRyTatedibestfedOhich a@&%ﬂf@éﬂly employedinlthe roparfiondd ek 15
slowy, controlling the foaming with the slurry addition. Upon conpletion
of the addi tsulfoniofacidnae homylberzend dedecytbenzdneewnepakylaedbentanes ands soaked

at 160-163C for two _hours. The oduct was ,strjpped under_nitrogen for
hal f - hour . Peazenss alkylates) wigh §‘Héﬁ%ifa‘?’r@n%m§|°5%d’°’ﬂp erpolgep 70 erlagnafomy ppv

a, and 0. Zgbbgi%ercgf?rén fwﬁn ,Oéé&ebaﬂgﬁﬂ@msa%me@Ehemtoﬁh{eqﬁ(ea@%t&a@ggllu% vol

sedi nent. 2 9 300 grans of the PIBSA of exanple 25 were ted
wi t h m ner alnooyl or(dede€y) Ny et o deetiremljuimvatbats iniat mixgen obhlkylsas employbadirt

140- 145C. Et hyl enepol yapmi ne (PAM was added slowy while controlling
f oam ng cauélé%l’rﬁ a‘t%H%XRg'th&su Pfa%ftion with the 25 addition of PAM The

reactioggm xture was soaked at 150C for two hours under nitrogen atnosphere
and the tenperature was raised to 160C. \Wile maintaining the tenperature
at 160C, a bori Thediydrasathyl-pubstit@ed S0fonin aved islused in ancameund effectivevipy

control | ing the F.an g hhLhy MGy HerATtld @leaRAR PR Eh2R Of the
reaction time and conditions. When used, the amount of sulfonic acid employed in
the present invention is typically in the range of from about 0.05 to 1.0 wt. %,
15  preferably 0.15 to 0.5 wt. % based on the total weight of the polyalkene and the

dicarboxylic reactants.

It has further been found that chlorine content can be influenced by the speed

and conditions under which the polyalkene and the dicarboxylic reactants are mixed

20  in the reactor and the configuration of the mixer impeller blades. Specifically, it has
been found that in mixing the reactants, the use of high speed mixing conditions
and/or the use of dual-pitched blade(s) (compared to the use of a top-pitched mixing
blade in combination with a bottom disk flat blade) will lead to further reductions in
chlorine. Under high speed mixing conditions, the impeller to reactor diameter ratio

25  should be maintained within a range of from about 0.2 to about 0.75, preferably from
0.3 to about 0.65, most preferably from about 0.35 to about 0.55. The mixer may be
operated at speeds from about 70 rpm to about 1600 rpm, preferably from 140 rpm to
about 1400 rpm, most preferably from about 200 rpm to about 1200 rpm. At these
mixing speeds, approximately 5 to 100, preferably about 10 to about 94, more

30 preferably about 15 to 65, such as 20 to 50, most preferably from about 30 to about 40
HP/1000 gallons of mixing energy is applied to the reactor contents. Further, under
high speed, or other mixing conditions, it has been found that the use of a dual-

pitched blade will lead to further reductions in chlorine compared to the use of a top-



‘the boric acid slurry, the reaction mxture was soaked at 160-163C for two
hours. 30 The product was stripped under nitrogen for half-hour. The

resul ti ng di spersant -22 analyzed for 0.90 wt. %N, 760 PPM C, and 0.24
wt. % B. The 50/50 heptane sol ution contai ned about 0.01%ol sedinent.
Exanpl e 30 5 300 grams of the PIBSA of elemple 26 were diluted with nineral
oil (S 100N) and heated under nitrogen bl anket to about 140-145C

Et hyl enepol yatchetemiBhg/plada in aasdatzinomitly a bbitdre dskritat blade,nghdnoeperated ataused
by the water of reactio ith the additi.on of PAM The rgaction m xture was
soaked at 1@9@%@%?‘% fhase oﬁ‘Fé"rﬁ‘ﬂﬁr}bsrpeﬁ pixge sougitiensptheise ﬁ‘ﬁﬂ%?ﬂ‘é’"icg?é;er ature
was raised § - fould ¢ b8h dchiEn I ¥esitalt AlEpAE Abheft bb0gga boric
acid sl urryb?and]cgg OI(\)lml{rrtll r?gprrgﬁho??émgs adﬂg(sil s‘?oC y, contro Iz} ng the foani ng
with the sl eompasddbticompatdplermixenptosidedwith the hembidiion ofha tfp-pitehedori ¢ aci d
slurry, the reaction m xture s, soaked at 160-163C for two hours. The
product was axmghade Ot‘rﬁ’m\,\&éﬁgﬁﬁlﬁé € hal f-hour. The resul ting di spersant
anal yzed for 0.89 wt. %N, 1310 PPM C, and 0.24 w. % B. The 50/50 heptane

15 sol ution contained about 0.01 %ol sedinment. Exanule 31 300 grams of the
Pl BSA of exanpl ef@frovisiea dispersanicsuitabla for yseimFuets dnd(18brdGdN) themblymefired under

nitrogen bl anket tq about. 140-145C. Et hy] en | yam ne_ (,PA o, was added
Sl oy i | GESieied CRBRE R Rerett 455 Wl PRSP PO wi th e
addi tion of JeAVhi-ERSvifttARdIIPhIcrEAtthtY\@iRh 90 8K BfkiR, arhdCaltSHol t MEoHRPUT S
under nitrogen atnosphere and the tenperature was raised to 160C. Vi | e
mai nt ai 1Png neétal commoundtarmaixaure the®of.do berm a cem¢spording derivative. 1Befil i ner al
oi | was added .sl| OWlb/ %og%rc{%l.l itnzg tggl {ioarln' n(? (\és{ith the s el ﬂddi tion.
Upon conpl ePBR° GPMPRHRaS fof; denyptizipe Bachonabiged pOLYIErs FORRise gt Iept i o 5t on
m xture was agfakast éin cbifpriké dhe bomotemiditnaBamihb ©r BiheeruaktiVesr sdlar pped
under nitrogen for_hal f-hour. The resulting dispersant analyzed for 0.90

w. %N, 51@rmp dheseaspines may ke hydroparbyhamines oumay pe arsdosinantlyon cont ai ned
about 0.01 i . i‘l’i@)lh t of bl ade
desi gn and ?@%oﬁgl% Lgeqﬁg])t?s (l)]ﬁ\gléﬁﬁorl n}gd r@%ﬁq}g# &@H‘EIPE%&&/%@BQ‘% g' ed in a
(nom naliby) hydmalyl groups atidoayl groops, dmidengrbhpsa nittilph, ispéedline geups, Hnd that | o of
t he di amateili of _the m xer i_1 eller to reactor, di anete -23 varied from
0.39 to 0. shkeTRarticulauy deetalhine compRundi iBr e MAPT FELPIIYATINGS 586 | ¢ wi dlt h

to reactor gbwﬁﬁ&ﬁé aﬁ@g!ggd;ﬁﬂ%ylé&ﬁfﬂ(ﬂﬁarﬁjh%@aﬂagt 3 f 60,Q4ch asP& 40 3.

oper ated between 250-1 pm~ At these m xing speeds, approximateéely 5-150
HP/ 1000 gal t@@@) tofal pirkomgtosrsdraying aboinbia 12, suchhas F wal?, end prefierebly S to5. 5 kg

of 2225 Mh | yvi sobut el yene i rged i.nto the reactor w.th an a nt of
ol of 0. annyiFesE AR bt PRfied e, WRLIE of Bste prciBiL By MaiptyBEoRIV BB 1o o
of pol yper . udég sidtxdsithésel giefieéd by feaddé ofodikylshediflalidy with emifia. Chl orine is
added to the reactor contents via a dip tube over a period of 5-9 hours at

t enper at ur eSTefared AFines afeliphaugeatyrgtedzgdnesringluding, or eapple. de2-char ge i s
equi val ent h&n%ﬁpeth&e%%-mmgpéppaﬁg{ g&-'d?eamﬁBSBUtHﬁH;q,@ﬁiaﬂﬁﬁ(ﬂ{ekgneanhydr' de

charged. When chlorination is co he react or contents aré heated to
220C and soakbedthytene@mindscucls anidiefRlme thlmmine niednileneaeraminentestaethpleae Wi t h
nitrogen until all tra\%ohmrea ted free malefic is renpved. 'Th‘i entire

process is PENEBHRRANARAYPromdencamines such as Larropylgns diamune; gnd gk 21 ons as

15 deschki be?r@ﬁ‘l’é&ﬁ)tﬁﬁnﬂi&fe 1 plots the analytical results. The plot shows
t he residua lorine as a function of the chlorine to polyner nolar ratio

(C12/PIB MR) charged to the reactor. This plot establishes the general
trend of residu chlorine.for the two differe ] xi.ng 20 systens. At a
ol ar rati o of DS WS AR HEomRTaR meltide; fTAts Mt iEh IHTTT L ched
bl ade syst eg@aRBoOm&YEyAsheXBid Md RetRLyclikRers @alompunidsRhBSA 1 esi dual
chl orine content over the Ealgg-ttjChed bl ade/ di sk flat bl ade turbine system

(DFBT). Exatipidagolg®sand slkylaming-spkatisuted tiazines, syelepaigeti 6r om Pl BSA and

ei t her po 1 ._heavy. pol yam ] . i ] ed..m xi ng.
The dat 20 bf TRE BncaRi HapeXAAL B dtifed 578, Pheil ARARAGH | 1O
di spersant ey 09/ad27Bgr AlowemDdcemdtes, 3000t Raotfiex usgfubslessif antitslioae gal . )
appl i ed duri ng@t he mal eation/chlorinatign step. _Cenerally, higher mxing

energy cor r BpRemidenndyelaggdoamidnrasminaeascdstlesed in U DR atent iNos. 4,857,217;
4,956,107; 4,963,275; and 5,229,022. Also usable is tris(hydroxymethyl)amino




30 PIBSA and the dispersant derived therefrom using either the PBT or DFBT
I npel Il er configuration. -24 Table 9 Exam | e No. 333435363738PI BSA
SAP565454606055P1BSA Sed. Vol . %0. 02tracetrace0. 010. 010. 03PPM
C1980770770112011201010React or Bl ade

Conf . PBTPBTPBTDFBTDEBTDFBTDI anet er 5. 55. ég '55. 55. 55. 5RPMs350650650650650450H
P/ 1000 al . 159494656521An ne T aPAMHPANMPAVHPAMPANMPAMANM nation T, de
C155155155185458e §ERAMbas dsscritsaiin Uss Pegent Nosob 10019 #208:639; 4il he.876;

C15704504508 1B S0t RerE s S Bl o BB i ittt hes 50
through 42 RIsBSAused Sikdlagefonathay aselcontémed s Ods dasshibedied. S\ARdﬂer@ 5 w.

% mal ef i ¢ anhydri de QIVA . Wiile stirnpng under nitrogen, the terrperature of
the reacti oNorP¥5Ble msh%amekyaa%nezwspssmé fop pxample, ip 2Ry 9pe of Ucﬁ | owed

by stri ppi ”?‘e%gbmoﬁsts'()%g@f ﬁfﬁé a3, 7930, %hgjts'ég 1§6‘”"1‘h% ﬁg@ﬁfeﬁb”r €.

pH ammoni a i ndi ¢ e e’vo ut’i'on of soakl ng.

Sedi nent wasubseaased edbogilicqicplabiig bfenbeqi boeasted iwithirthe tudite coRpouhd asiag e
shown in Table 10. 10 Tabl e 10 Exam | e No. 39404142SAP46. 946. 947. 347. 1PPM
C125008001 100060tReA! ieshniaves asgesomims, fuspanpisoind#s Baigrt Ney $i23¢gomndem (de

. 0---2302 | | (hours)---211 As shown by the data of
Tabl e 10, hé%égg%n‘g%%h%pé%@é@e of only 0.5 wt.% MA |eads to

reductions in chlorine content, with no appr eC| abI e increase in sedinent 15
(but also no signpifi

was chated intdh§ Pﬁﬁ’lopetf@r rétgtgfs grcagﬁof‘splpzz a‘@'l%{ng ngllf glgo gg ﬂ%’gﬁl%’g@ I( I\Bﬂif\
Feact or. s i aaere B e e P o W e e
to 200C. Theramsatictcompoondsenich anphanold dndviaghtholss dakfesred palybydric J06H0Is Af t er
soaking, t h?n urcﬁdallllggleﬁleva éycols in which the alkylene radical contains from 2 to 8 carbon
atoms. Other useful polyhydric alcohols include glycerol, mono-oleate of glycerol,
15  monostearate of glycerol, monomethyl ether of glycerol, pentaerythritol,
dipentaerythritol, and mixtures thereof. An ester dispersant may also be derived from
an unsaturated alcohol, such as allyl alcohol, cinnamy] alcohol, propargyl alcohol, 1-
cyclohexane-3-ol, and oleyl alcohol. Still other classes of alcohols capable of
yielding ashless dispersants comprise ether-alcohols, including oxy-alkylene and oxy-
20  arylene. Such ether-alcohols are exemplified by ether-alcohols having up to 150 oxy-
alkylene radicals wherein the alkylene radical contains from 1 to 8 carbon atoms. The
ester dispersants may be di-esters of succinic acids or acid-esters, i.e., partially
esterified succinic acids, as well as partially esterified polyhydric alcohols or phenols,
i.e., esters having free alcohol or phenolic hydroxyl radicals. An ester dispersant may
25  be prepared by any one of several known methods as described, for example, in U.S.

Patent No. 3,381,022.

Particularly preferred ashless dispersants are those derived from
polyisobutylene substituted with succinic anhydride groups and reacted with
30 polyethylene amines, e.g., polyethylene diamine, tetracthylene pentamine; or a
polyoxyalkylene polyamine, e.g., polyoxypropylene diamine,
trimethylolaminomethane; a hydroxyl compound, e.g., pentaerythritol; and

combinations thereof. One particularly preferred dispersant combination is a



vacuum stri pped. Sedi nent was neasured using a 50/50 heptane sedi nent test.
Results are shown in Table 11. 10 Table 11 Examl e

No. 434445SAP46. 449. 550. OPPM C1278015001300Sedi nent vol . %<0. 0050. 200. 20SA
"Charge (9%9--- j_ None0.0l1 The data of Tg?[e 11 denonstrate that the
pressurization of the reactor during post-treatnent heat-soaking can | ead
to further significant reductions in chlorine content. The addition of a

sul foni ¢ acFembiaation:eft (A)melpsabytylenesubsiitated wath; uccipigranhydridesgroups andi on i n

chl ori ne copt . [ .l Gl r
material s dgest,1 g&?%@@@%@ﬁ@%@ég 9 r°§ﬁ‘§iae?51a’c@ﬁ?§?§é§%ﬁ?ﬁi(§? gpts ﬁllog%shﬁ@%?{l cation
by ref er encpolyamirehelg, pelyokyopyleddéiaminenor (I)espolpilkflens édmemd)edi,ment s and
nodes of operation of the present invention 20 have been described in the
foregoi ng speysthylent dismingwag tepsihylengpentapingusing abpwd)-3 tq 3heuhe makes of
however ,: i S0 | ixm : | . odi nent s
di scl os esd, g}lﬂhg%)t @h@é@??ﬁ%@gﬁ%ﬁﬁ%dﬁnﬁt@ fsjplrg%gt elraglé rﬂgﬁ@éﬁgﬁﬁﬁi@t rative
rat her t hancomptidesagonbivatige of (Y pdigisomudenybyudcivie enlsydride endth @)tahe art

wi t hout departing fromthe spirit of the invention 5 -26, CLAIMS: 1. A
met hod for BRIY#kIeA] PalYBBITFoF &6 iteirasthy nietpﬁméamafa@ﬁ%@ 4eolé{§xﬂr§tqlﬁ€4%£gem
formed by a L e ASH 0ol yol efd a,

~3-unsat ur a?lg}gglg%({ggxx?lﬁdgﬁ{rug%c{lgﬁ% t?é %g{?’ %Pg’ﬁ f ﬁm%ﬁg‘gﬁ?%{ ed carboxylic
acyl ati ng agsniethindslaminomshtbed, addescribed in @hS SPetentPed. 3,632{F1dd conprising: in

a first stage, reacting a polyolefin and an a, ~i-unsaturated carboxylic
reactant®in the presence of chlorine until substantially all of said

pol yol efin ol egybiesshRY Bisp&asit@anvhe firéd shsteredictt B8 bkt b orhRhfoNa | | C
reactant or said chlorine; and in a second stage, heating the

pol yol ef i n- podysteatmengscsuch pbborptior, aaggheaall nguglfantU.B eBatentd¥ospd 681886 havi ng a

resi dual chlori tent forprd j.n said first stage.w dditional ,a,
S Lot ur At CSh0a%, BB oE T disbeih s ol ol gjsWed Py AEftina o
chlorine f ofjtgbhGBntainig dibRdant WithlalbdvordéorhRAmt sBch ey Bdrem oRide SHurén
addi tional a) FBunsaturate carboxylic reactant to displace residual

chl ori n¥ i nhaidegberen yeidsfandesisss ofthoreitacids: Bossy ppeuny syffigient ¢p prgaide framact i on
product . about 0.1 to about 20 atomic proportions of boron for each mole of acylated nitrogen
composition. Useful dispersants contain from about 0.05 to about 2.0 wt.%, e.g.,
from about 0.05 to about 0.7 wt.% boron. The boron, which appears in the product as
dehydrated boric acid polymers (primarily (HBO,)3), is believed to attach to the
20  dispersant bis-imides and diimides as amine salts, e.g., the metaborate salt of the
diimide. Boration can be carried out by adding from about 0.5 to 4 wt.%, e.g., from
about 1 to about 3 wt.% (based on the weight of acyl nitrogen compound) of a boron
compound, preferably boric acid, usually as a slurry, to the acyl nitrogen compound
and heating with stirring at from about 135°C to about 190°C, e.g., 140°C to 170°C,
25  for from about 1 to about 5 hours, followed by nitrogen stripping. Alternatively, the
boron treatment can be conducted by adding boric acid to a hot reaction mixture of
the dicarboxylic acid material and amine, while removing water. Other post reaction

processes known in the art can also be applied.

30 Example 1
In a simultaneous chlorination/maleation process for the production of chlorine

induced polyisobutylene-substituted succinic anhydride (PIBSA), PIB and a molar

equivalent of maleic anhydride are mixed and chlorine is bubbled through the reaction



2. The nethod of claim1l1l, wherein, in said first stage, said polyolefinis
reacted wth said a, (3-unsaturated carboxylic reactant at a tenperature of
from60 to 250C, and in said second stage) said pol yol efin-substituted
carboxylic acylating agent reaction prodr,sét of the first stage with said
excess a, (3-unsaturated carboxylic reattant are heated together at a
tenperature of from 180 to 250C for a tinme period of for 0.5 to 10 hours.
3. The net hoaixsreohkilerth reavtiar empeiaturs &9 igicrieasedtfrann 42@°C weabdup20076) diien i s
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t enper at ur e Tf25Nh PIB Al Ha0hgd stkeih@idreaabes 1 D4 has a cRibrife cditentoFt hod of
claim1l1, wherein said a, (3-unsaturated carboxylic reactant is selected
from one Sor ahope03ftoRghwufsat urated C3 to O o nonocarboxylic acids and
nonounsaturated C4 to Coo di carboxylic acids and anhydrides and Cl to CS
al cohol derived nono- or diesters thereof. 5. The nethod of claim1,

wher ei n sai dgamilé2unsat urated carboxylic reactant is malefic anhydride. 6.
The met hod of claim3, wherein said polyolefin conprises a honopol ynmer or
copol ymer of onel30gb(wpenifisttign EAd) 2pd4 &3 1990 epm QD pyas chprged into a5 The
met hod of cl@gi i ' £.0.01 1 8 R0k 3 . . met hod
of claim1, %‘g‘}%?tﬁw@?‘{ %wgﬁgﬁ%ﬁféﬁh%& g&@?#c \y}ég%%}gﬁﬁ gl%g d%nntlt;l:%tﬂlé ed
subsequent tthe idnetion hnktare wad heardnd eR0Whowdr atpedofl bf $thosi. aDife ¢on®dit bDthei N an
amount of from about 0.1 to 10 % of the weight of polyolefin-substituted
car boxyl i c aegdter wagalkayead:to seakeati23A° @ fadurqurs with ifgogentsMeePivE. & ai m 8,
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t he substan'gff AIEIY %fti IBHIC%FQMCVPMIQP Og?_gaedupgﬁélﬁ lbef?%f‘ﬁ pgﬂoégﬁﬁﬂt of from
about 1 to Zv¥nfontie sheit@tiushg MRt teii Houssy Bsd dinihRHec il ki ¢ acyl ating
agent reaction product. 10. The nethod of claim 1, wherein a,

(3- unsat ur attemagseneiihr seakingpariad: Aléerispakingibeprognetoras srippedavith ng t he
arount "o 1 (OROEmor |80y E0Beison e I e A R R B Uufar e ) At b &0

( 3- unsat ur attezitedRIBSAY bfi Exangde £ anthowasiddthbieol .f As in deln@onstrated by the data, the

pol yol ef i n- subst carboxyl ic acyl ati ng agent reaction_.product. 11. The
ot hod of ol SraARBS G uleauced chlorfe taRienCihh R st sreoh aeR e

i ntroduced prior to or during the first stage reaction as excess a,

(3-unsaturated carboxylic reactant in an anount of fromabout 1 to 3 %
great er tharlfableel anount of -28 a, (3-unsaturated carboxylic reactant

needed to frarmthe—pobyoletn—substtuted—carborydte—acytating ent
ke No. 2 el Example? g

reaction prigd@PCYD:. The method—bEXTPRISH 3 —whe

ST cTroa

pol yol efin- MAGhargs od car hnny_i c W_agprfs- %action pr aduct of said
second st agdResgiomTempenatustial ity bf at least 1.32208 The nethod of claim
1, wherein |RedadtigmTime ef i n- substifuted carboxylil®d syl ati ng ageht having a
resi dual chiSAPne content is heat ed8/in t he presgrixsed of sai d excess a,

( 3- unsat ur atcKlogrd Cexght C reactant 1000 t he furthgr7yooresence of 0l 05 to 1 w.
% of an,gi | “solubl'é organi ¢ acid, based on the werght of

pol yol ef i n-substituted carboxylic acylating agent. 14. The nethod of claim
13, wher ei n BxamplesrHtnoughdci d i s sul fonic acid. 15. The nethod of claim 14,

wherein said sulfonic .acid i resent during.the reaction .of i fLrst
etage. |16 The MIRRIGCBRIE ey PiPresiad st retisiiob iiter oy tag PR o e o
said first %&ﬁﬁﬂ@l‘@fﬁ%ﬁe@m@ re%hﬁﬂ'% BIBS AThre@ctd Shehd sithiditeElo tBOPAniE NI
fromabout 5 to 100 HP/ 1000 gal |l ons of" m xing energy to the reaction

m xt ure post-treatment as in Example 2. Comparisons between the raw PIBSA and the

25  corresponding post-treated PIBSA are shown below in Tables 2 and 3. Again, as is
shown by the data, the treated PIBSA has a reduced chlorine content and an increased

saponification number compared to the corresponding raw PIBSA product.



17. The method of claim 16, wherein said m xer applies fromabout 30 to 40
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pH/ammonia test indicated the evolution of HCI during the heating period. HCI
evolution was greatest during the first two hours, and diminished during the
remainder of the soaking period. After soaking, the product was stripped with
nitrogen for 1 hour. Sediment was measured using a 50/50 heptane sediment test.

20  Results are shown in Tables 4 through 6.
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SAP 48.81 56.28 44.97
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Sed. (50/50) Trace 0.01 0.18 0.01

Soak Temp.(°C) 220 220 220

Soak Time 4 hrs 4 hrs 4 hrs

The data of Table 4 show that treatment with maleic anhydride (Examples 8
and 9) leads to an increase in the saponification number (SAP) as well as a reduction
5  in chlorine content. However, when the amount of maleic anhydride is raised to 3%,
based on the weight of charged PIBSA, the level of sediment rises. Thus, absent
some solution to the sediment problem, a product formed by post-treatment of PIBSA
with maleic anhydride may need to be subjected to a filtration step. Example 10
demonstrates that heating PIBSA in the absence of additional maleic anhydride leads

10  to an actual reduction in SAP due to the decarboxylation of the PIBSA.

Table 5

Example No. 11 12 13
PIBSA SAP ( 57.86 57.86 57.86
start)

MA Charge 0.0% 0.0%
SA Charge 0.2% 0.4%
SAP, 4 hrs 56.62 56.38
SAP, 6 hrs 54.68 55.07
PPM Cl(start) 1350 1350 1350
PPM C], 4 hrs 980 830
PPM C], 6 hrs 910 810
%C] decrease 4 hrs 27.4% 38.5%
%Cl decrease 6 hrs 32.6% 40.0%
Sed, vol%(start) 0.10% 0.10% 0.10%
Sed, vol%, 4 hrs 0.06% 0.09%
Sed, vol%, 6 hrs 0.10% 0.10%

The data of Table 5 indicate that chlorine content of the PIBSA decreased
15  about 27-33% in 4 hours due to heat soaking in the presence of 0.2% sulfonic acid,

and about 38-49% after 6 hours of heat soaking in the presence of 0.4% sulfonic acid,
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% Cl decrease 38.3% 45.0% 42.5% 45.8%
Sed. Vol% Trace 0.01 0.03 0.02 0.09

The data of Table 6 demonstrate that by heat-soaking PIBSA with 3% MA, the
chlorine content can be reduced and the SAP can be increased simultaneously, with a
level of sediment formation that does not require product filtration.
10
Example 18 through 23
200 grams of the PIBSA of Examples 1 through 6 were diluted with mineral
oil (S150N) and heated under nitrogen blanket to about 140-145°C.
Ethylenepolyamine (PAM) was added slowly while controlling foaming caused by the
15  water of reaction with the addition of PAM. The reaction mixture was soaked at
155°C for two hours under nitrogen atmosphere. The reaction product was then
stripped with nitrogen for thirty minutes. The properties of the dispersants thus

formed are shown in Table 7.

20 Table7

Example No. 18 19 .20 21 22 23
PIBSA Ex. 1 2 3 4 5 6
No.

PIBSA, grams 200 200 200 200 200 200
PAM, grams 9.9 11.4 12.1 13.0 12.0 13.7
Disp. Wt.% N 0.91 1.02 1.10 1.16 1.05 1.16
Disp. C1 PPM 1050 440 1800 910 2010 880
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Table 8§

Example No. 24 25 26 27
MA Charge 0 1% 0 1%
SAP 48.7 474 45.0 47.0
PPM Cl 2000 1230 2072 810
Sediment vol. % Trace Trace Trace Trace
Example 28

300 grams of the PIBSA of example 24 were diluted with mineral oil (S1I00N)
10  and heated under nitrogen blanket to about 140-145°C. Ethylenepolyamine (PAM)
was added slowly while controlling foaming caused by the water of reaction with the
addition of PAM. The reaction mixture was soaked at 150°C for two hours under
nitrogen atmosphere and the temperature was raised to 160°C. While maintaining the
temperature at 160°C, 23.2 grams of 30% boric acid slurry in S150N were added
15  slowly, controlling the foaming with the slurry addition. Upon completion of the
addition of the boric acid slurry, the reaction mixture was soaked at 160-163°C for
two hours. The product was stripped under nitrogen for half-hour. The resulting
dispersant analyzed for 0.90 wt. % N, 1210 PPM Cl, and 0.24 wt. % B. The 50/50
heptane solution contained about 0.01% vol sediment.
20
Example 29
300 grams of the PIBSA of example 25 were diluted with mineral oil (S100N)
and heated under nitrogen blanket to about 140-145°C. Ethylenepolyamine (PAM)
was added slowly while controlling foaming caused by the water of reaction with the
25  addition of PAM. The reaction mixture was soaked at 150°C for two hours under
nitrogen atmosphere and the temperature was raised to 160°C. While maintaining the
temperature at 160°C, a boric acid slurry in S150N mineral oil was added slowly,
controlling the foaming with the slurry addition. Upon completion of the addition of
the boric acid slurry, the reaction mixture was soaked at 160-163°C for two hours.

30  The product was stripped under nitrogen for half-hour. The resulting dispersant
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Example 31
300 grams of the PIBSA of example 27 were diluted with mineral oil (S100N)

and heated under nitrogen blanket to about 140-145°C. Ethylenepolyamine (PAM)
20  was added slowly while controlling foaming caused by the water of reaction with the
addition of PAM. The reaction mixture was soaked at 150°C for two hours under
nitrogen atmosphere and the température was raised to 160°C. While maintaining the
temperature at 160°C a boric acid slurry in S150N mineral oil was added slowly,
controlling the foaming with the slurry addition. Upon completion of the addition of
25  the boric acid slurry, the reaction mixture was soaked at 160-163°C for two hours.
The product was stripped under nitrogen for half-hour. The resulting dispersant
analyzed for 0.90 wt. % N, 510 PPM Cl, and 0.23 wt. % B. The 50/50 heptane

solution contained about 0.01%vol sediment.

30 Example 32
To demonstrate the effect of blade design and mixing energy on chlorine

content, a study was performed in a (nominally) 6-gallon reactor provided with a high

speed mixer. The ratio of the diameter of the mixer impeller to reactor diameter
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k109 & ()-3 k109 & ()-3 )21 *i k10% & ()-3 JNO bgl yYONA410k10% & () -3
k1098 & () - 3 vird@PAr&in(0.3Btdk.644 Bhg Jeador contained 4 internal baffles with a baffle width

to reactor diameter ratio that varied from 0.02 to 0.073. The mixers operated between
250-1500 rpm. At these mixing speeds, approximately 5-150 HP/1000 gallons of

mixing energy is input to the reactor contents.

15.5 kg of 2225 Mn polyisobutelyene is charged into the reactor with an amount
of maleic anhydride equivalent to 1.2-1.8 moles of maleic anhydride per mole of
polymer. The mixture is heat to 140°C and mixed for one hour. Chlorine is added to
the reactor contents via a dip tube over a period of 5-9 hours at temperatures ranging

10  form 140°C to 220°C. T he total chlorine charge is equivalent to 1.0 to 2.0 moles of
chlorine per mole of maleic anhydride charged. When chlorination is complete, the
reactor contents are heated to 220°C and soaked for 0-4 hours at 220°C. The contents
are then stripped with nitrogen until all the unreacted free maleic is removed. The
entire process is performed with the reactor contents under mixing conditions as

15  described above.

Figure 1 plots the analytical results. The plot shows the residual chlorine as a
function of the chlorine to polymer molar ratio (Cl,/PIB MR) charged to the reactor.
This plot establishes the general trend of residual chlorine for the two different mixing
20 systems. Atamolar ratio of 1.5, using the approximate trend lines, the dual pitched
blade system (PBT) shows an approximately 19% reduction in PIBSA residual
chlorine content over the pitched blade/disk flat blade turbine system (DFBT).

Examples 33 to 38
25 Dispersants were prepared from PIBSA and either a polyamine, or a heavy

polyamine mixture using high speed mixing. The data of Table 9 show that the
chlorine content of the PIBSA, and the dispersant derived therefrom, relates to the
mixing energy (HP/1000 gal.) applied during the maleation/chlorination step.
Generally, higher mixing energy correlated with lower chlorine content of both the
30 PIBSA and the dispersant derived therefrom, using either the PBT or DFBT impeller

configuration.
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Analytical Results
Wt. % Nitrogen 1.20 1.14 1.21 1.25 1.30 1.19
PPM CI 570 450 450 610 620 570
Sediment vol. % 0.03 0.01 0.01 0.03 0.04 0.04

5

10

Examples 39 through 42

PIBSA was charged into a 1 liter reactor and mixed with 0.5 wt. % maleic

anhydride (MA). While stirring under nitrogen, the temperature of the reaction

mixture was soaked at 220 to 230°C for 1 to 2 hours, followed by stripping with

nitrogen, for one hour, at the same temperature. A pH/ammonia test indicated the

evolution of HCI during the heat-soaking. Sediment was measured using a 50/50

heptane sediment test. Results are shown in Table 10.

Table 10
Example No. 39 40 41 42
SAP 46.9 46.9 47.3 47.1
PPM Cl 2500 800 1100 900
Sediment Vol.% 0.005 0.005 0.005 0.0075
Soaking/Strippin - 230 220 230
g Temp (deg. C)
Soaking/Strippin - 2 1 1
g Time (hours)

15

As shown by the data of Table 10, heat soaking in the presence of only 0.5 wt.%

MA leads to reductions in chlorine content, with no appreciable increase in sediment

(but also no significant increase in SAP).
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PIBSA was charged into a 2 liter reactor with 2.0 wt. % maleic anhydride (MA)

with, and without, a sediment inhibitor. While stirring under nitrogen, the reactor was
5  pressurized to 3 atm. and the reaction temperature was raised to 200°C. The reactor

contents were allowed to soak 2 hours at 200°C. After soaking, the product was

vacuum stripped. Sediment was measured using a 50/50 heptane sediment test.

Results are shown in Table 11.

10 Table 11
Example No. 43 44 45
SAP 46.4 49.5 50.0
PPM Cl 2780 1500 1300
Sediment vol. % <0.005 0.20 0.20
SA Charge (%) - None 0.01

The data of Table 11 demonstrate that the pressurization of the reactor during
post-treatment heat-soaking can lead to further significant reductions in chlorine
content. The addition of a sulfonic acid sediment inhibitor provides a still further

15 reduction in chlorine content.

The disclosures of all patents, articles and other materials described herein are
hereby incorporated into this specification by reference, in their entirety. The
principles, preferred embodiments and modes of operation of the present invention

20  have been described in the foregoing specification. What applicants submit is their
invention, however, is not to be construed as limited to the particular embodiments
disclosed, since the disclosed embodiments are regarded as illustrative rather than
limiting. Changes may be made by those skilled in the art without departing from the
spirit of the invention.

25
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T10% & () - re@@thfOih&hd presence of chlorine untll substantially all of said polyolefin

[S—

molecules have reacted with said o, B-unsaturated carboxylic reactant or said

chlorine; and

in a second stage, heating the polyolefin-substituted carboxylic acylating
agent reaction product having a residual chlorine content formed in said first stage
with additional o, B-unsaturated carboxylic reactant, in the absence of further added
chlorine for a time sufficient to allow at least a portion of said additional o, -
unsaturated carboxylic reactant to displace residual chlorine in said polyolefin-

substituted carboxylic acylating agent reaction product.

2. The method of claim 1, wherein, in said first stage, said polyolefin is reacted
with said o, B-unsaturated carboxylic reactant at a temperature of from 60 to 250°C,
and in said second stage, said polyolefin-substituted carboxylic acylating agent
reaction product of the first stage with said excess ., -unsaturated carboxylic
reactant are heated together at a temperature of from 180 to 250°C for a time period

of for 0.5 to 10 hours.

3. The method of claim 2, wherein in said first stage, said polyolefin is reacted
with said o, B-unsaturated carboxylic reactant as the temperature is raised from an

initial temperature of from about 100 to 120°C to a higher temperature of about 180
to 250°C, and wherein at least about 70 wt. % of said chlorine is introduced into the

reaction mixture before the temperature of said reaction mixture reaches 170°C.



10% & ()- ,S 10% & ()- UIF43110c@O0% & ()-')?D

>C@O0% & ()-c@O0% & ()-c@0% & ()-c@O0% & ()- UIF43110c@0% & ()-')?D
>c@O0% & ()-c@O0% & ()-c@0% & ()-c@®h-& ()- !")UIF43110c@0% & ()-')?D
->c@0% & ()-c@0% & ( ) C@O%&'() c@0% & ()-).38<=0U9F43110c@L0% & ()-')?D
>c@0% & ()-c@0% & 0%&'( -c@0% & ()-OQvai op_5F431) ?D

>Dc @ 0% &'%) c dilmomet yi @ﬁu%l&w yren@pibasb-unsatigptehcarboxybe rasst@uis 1) 2D |

10% &' 9% & 10% &'

Fet00s & () clebidot opd or ¥opdf soddipsadHE T it mopocarbpnylisacigs and

, &SMLO% & dnounsathBEECS b C; ‘d1c3a98@x§41& hcia did a aﬁales%d@l%@ (alcohol
2110% & ()- 1 108 & ()~ f/10% & () | -10%& ()- @10% & ()-{"u|obU4s3
| 109 & () -degived'o- of digs®r thereofs910% & ()- 7 10% & ()- 5 10% & () -
GR7{{Z9bU43 "109%& ()- "10% & ()- "10%& ()- 8"10% & ()- !"10%& ()-
109 & ()-z zX7*10" S5@10% & ()--!5@100MW& ()- ' "10MN & ()- &

F110% & ()5.& THOMESO)Of blairk QY& hédein sal@&lg'hm?atmfa't'eﬁcl:&% 5‘11& Yeatand QY& && () -
]"10%#a& ()- z 10%RH&& () - 6 e&#&& () 10" @R D45y X7* 100#0

f, " 10%#o0&mblpic anhydrides ! t & () " 10%/y&' ()-" 9 @10%" o0& () -
J9! @10%" 0&' ()-!f" 109888 () - ZS67<DPSVdD100#0
fo#10% & ()- #10% & ()- #10% & ()-° ,310% & ()-

10% & () - 1Qo#0lPpmifad e BlaiBY hB¥fetn {aid E@l}/\f}lefm compnses a homopolymer or
BH##10%6 & () - #10% & ()- #10% & () - #10% EB Yf 2DL#10% #10% & () - #10
@ e

% & () - #1apknier-of preos srors of etienesand)Cs th WN. D1#109% & () - #10% &
()- " #10% & () - #10%W & ()- #10% & ()- 5W
B#mvt D1#109%6 & ()- " #10% & () - #10%W & ()- 5W
B#" #1096 & 1) - #160/inétHolof traldh/B] OMekir 3aid bMfolefin is polyisobutene.
B##10% & () - #10%W & () - #10%W & ()- #10%W & () - t XD1#10% & () - 5W
8. The method of claim 1, wherein a, -unsaturated carboxylic reactant is
introduced subsequent to the substantial completion of the first stage reaction in an
amount of from about 0.1 to 10 % of the weight of polyolefin-substituted carboxylic

acylating agent reaction product.

9. The method of claim 8, wherein ¢, B-unsaturated carboxylic reactant is
introduced subsequent to the substantial completion of the first stage reaction in an
amount of from about 1 to 3 % of the weight of polyolefin-substituted carboxylic

acylating agent reaction product.

10. The method of claim 1, wherein o, 3-unsaturated carboxylic reactant is
introduced prior to or during the first stage reaction as excess o, B-unsaturated
carboxylic reactant in an amount of from about 0.1 to 10 % greater than the amount
of o, B-unsaturated carboxylic reactant needed to form the polyolefin-substituted

carboxylic acylating agent reaction product.

11. The method of claim 10, wherein «, B-unsaturated carboxylic reactant is
introduced prior to or during the first stage reaction as excess o, B-unsaturated

carboxylic reactant in an amount of from about 1 to 3 % greater than the amount of
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2b 5.7 The method of c1a1m 14, wherein said sulfonic acid is present during the
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17.  The method of claim 16, wherein said mixer applies from about 30 to 40

HP/1000 gallons of mixing energy to the reaction mixture

18. The method of claim 1, wherein the reactants of at least one of said first
stage and said second stage are mixed using a mixer equipped with a dual pitch

blade.

19.  The method of claim 18, wherein said mixer applies from 5 to 100 HP/1000

gallons of mixing energy to the reaction mixture.
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