7 DECEMBER 2005 POLYALKENE- SUBSTI TUTED CARBOXYLI C ACI D COMPCSI TI ONS  HAVI NG
REDUCED CHLORI NE CONTENT FI ELD OF THE | NVENTI ON 5 The immpmoEMEER 25di rect ed
to pol yal kene-substituted carboxylic acid conpositions having a reduced

chlorine content, derivatives thereof ustuI as fuel and |ubricating oi

di spersants and di spersant/viscosity nodifiers and nethods for formng such
conposi ti ons. POLYSWCKENESORST FITEREARBOX ¥hi6 ACTD (AVIRQ ONSr eact i ng
pol yal kene- substi t uted |

] 1 m'nes, al cohol s
and/ or reactive netal coHb G LD igﬂggﬁgggﬁﬁwﬁﬁ ditives that

provide fuel and lubricating oils with inproved dispersing, detergent

and/ or visconetric properties. The pol yal kene-substituted carboxylic

acyl ating aﬁ&i@%ﬁiﬂéﬂﬂ@ﬁ@ﬂes useful as emulsifiers. Such

pol yal kepe- subst.it ut ed.car bpxyl i cyhatin nt s are.commonly forned by
hal ogen-gssi ste }’? g’avc?ml%rhlséﬁreétesg? ngélé(%}ée Slgaﬁﬁglgec{:%af@%%l}ﬁ%glmagcyl ating agent.

In a two- st gfmpsdeeifihavitg adedsict REmbrine oAl BESvatives tHerddf uRFhEA fubland
3,219, 666, a polyal kene i's chlorinated until there is, on average, at | east

one chl oro bboapiroeil dispérsgnss gl dienresantliseesiy mahfiensiand meshpdsdar fsminghi eved
20 by si npl g%?’ont actiit.ng t he pol yal kene with chlorine gas until the desired
anount of SPIREHE ?'ncorporat ed into the chlorinated pol yal kene, usually
at a tenperature of about 75 to about 125C. In the second step of the

t wo- st ep chlori nation process, the chlorinated polyalkene is reacted with a

nmol ar edi v GRWUND (Qff BHEINMENTIINGn a, (3-unsaturated carboxylic

group, usually . i . .

Al ternatively, §%gm%g§1%§§§§o?§ugﬁe§y$ %)arc ﬁgg %%%ggégﬁg&?@a%g%%yﬁggc yl§?5§5, 707
and 3, 231, béears Withavlings Salodhooindadrkemnei vamektal cofrpoundedre kad e ¢ Be beefyl i C
reactant can, in a single step {)ro,ce,ss, be contacted with chlorine gas

|
(e.g., by paddiiives thannseYide fughand hRFisiGE Qilfevith wpRiP¥edilisperaiges dalsTast at an

| evat ed t . . - N ,
el evat e egﬂécgmlkt{?%e(tﬁc groggéaI%Q.QTﬂé pglggl\k@he-s&‘guﬁl?éd\/@a'r VF%@%H‘# :‘f%egﬁ]sl ﬁ Luced

(3-unsatura carboxyl 1 ating ents synt hesi ze
condensai i oareakerpalyalukefinbss anadsifiers; Such patyatlehedutssaitiied yarbexylgr oups
conventi onal | contain a resi dulal chl ori ne content .of O. 50}»,0 1% _whi ch

cor r esponds AEEREEN'E FrOWIUBN Y APTRCGR halpganrassistse reaniig ioha Pokaikene
di sper sant syfy PELFYBHR £9A8ng agent. In a two-step process, as described for example, in

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

A
2deta)

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 chiorinated 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 ¢, B-unsaturated carboxylic acylating agents synthesized
via chlorine induced condensation of polyalkenes and ¢, 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



-2 derived from pol yal kene-substituted carboxylic acylating agents are a
source of organochlorine in notor oils. Due to enviromerdEVIBERDENSI NS
regardi ng the disposal of used notor oil, particularly in Europe, it has
becone desirable to elim nate or reduce the Ievel of chlorine in notor oi
addi tives and other industrial productsZ2-One 5 way to address concerns
regarding chlorine is to avoid the use of chlorine altogether by using a

t her mal pr qrased MaT Kl falReRadupstitafedrarod ylinssl atingtagentsiagas fooxed dofc aci d are
heat ed toget her w thout hal ogen_assi st ance, ?tlonall in the presence of a
catal yst (orgaqeehiorine g mogri@tlsy Dy e gMjirongisatl sonpsmedasardingdhedispesdl f or

exanpl e’ro&f%sélmo%qtoﬂng?m&16§%§€ Eg ltmvnxs el 11$a'Heat|oSeh [qEd via the

t her mal ower acylating groups per

ol ecul e.  As@idgeke ‘p‘e@bwﬂdh[brtr@ it hmtombhidames amu othepiidubtii@bproducts. One
chl ori ne-containing product to renmove chlorine until the |evel of chlorine
in the Prodvastiojasddenss epncaEsapgasding chioviap is toav pis the wi Hoddorinsral toaeteehpl . shi ng

this are k

by de (0 iod PlibhiH bceks BhHLPELUSbERR an Sk S EMRIRY BBE) 0\ s
(pol yam ne tdeted teddtive svitfouPh&549n dbispacs aptisnallJlirse preidnoelst a edtalyst capabl e
of reduci ng chlorine cgntent of PIBSA, can also adversely reduce the nunber

of acyl ati(nNGegrRYupPE cras r@@ﬁ%&&ﬂhwn%fh%tw@w@ap@ﬁmre@n B0 8sAP) nunber
or |evel OfPateﬁ?Novg legrgd! Wevéﬁﬂten%?&mf‘e’&%tﬁrtﬁe i PR ik gF:né?Qlt ai ni ng

di spersant er rre ates reacting funct a I zed mer with
acyl ating ageatsowyr rﬁﬁnbmbéa&ylﬂmgag“rdupsWe@Mdmﬂ@nAmftha sphitipneb tl(ee g.

pol yal kene) backbone. However, these nethods |lead to the need for
filtration ripliemds (f pestiigaes dhilemng-gentaiping psaduss tq 1o Ve SRloring until hFr ation are

| ess acceptjaf %fE@EmH@L{khe@mmga@wa@dageamng@at ekni®anafse, tdr S, _Patent Mo.

5,489,390 to IVI escrib cess cing the 25 chlorine
content of aacoroplshimrthisoare heo‘&m,rmmmdlariy]wmhlpo}yaﬂdaee sxqgemo dichmox pkc eddpound

is mxed with (a).an id selected fro ne aci.ds ot | and
o ard oraRpind ETSRAY FeRy 58 o e ek I bR e nb e o PBSNEIML 205 ce
of iodige (Gply Qﬁm&%aﬁ%(ﬁmﬁsmq Cﬁérs&dtm%ynh&h@d%t while E&FHEEo1t he

chl orine content of the conpound lorine levels in the conpound may be
reduced by redwamgehioring ¢dntS0 of BB, canchldoragivensel yoodppeuhgisumbnvdver, as a

result, both hal ogens are rese in. the final pro : rth a would
be- appar ontect BBRATaPs G RiEry g4 frarirdneordfiea PSR  pub ot e
di car boxy! igeti 6y fgfstBenti( AD). MI8E kAbwR Gledetiad foeaBtalingecpsbaxy! ation
intermediates by reacting highly functionalized polymer with acylating agents by
20  maleation and chlorination of a polymer (e.g., polyalkene) backbone. However, these
methods lead to the need for filtration due to high levels of tar. Processes that require

filtration are less acceptable for both economic and environmental reasons.

U.S. Patent No. 5,489,390 to Sivik et al. describes a process for reducing the

25  chlorine content of an organochlorine compound in which the organochlorine
compound is mixed with (a) an acid selected from mineral acids other than HI and
HBr, and organic acids having a pKa of less than about 2; and (b) a source of iodine
or bromine, for a period of time sufficient to reduce the chlorine content of the
compound. Chlorine levels in the compound may be reduced by treatment with

30 iodine and bromine compounds. However, as a result, both halogens are present in
the final product. Further, as would be apparent to one of ordinary skill in the art, the
post treatment of dicarboxylic systems with mineral acids can lead to decarboxylation

as well as the degradation of the polymer.



as well as the degradation of the polyner. 7 DECEMBER 2005 -3 U.S. Patent

No. 5.672,266 to Sivik et al. discusses a process for reggCkM8ER26s0r i ne
content by post thermal treatnment, as in U S. Patent No. 5,489,390, using a
Lews acid in the absence of organic carbon. The Lewis acid is selected from
salts of 5 zinc, magnesium calcium irgn, copper, boron, alumnum tin,
titaniumand m xtures thereof. The | ow chlorine-content products fornmed by
sai d process again contain halogen 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 1QJ.8ePhet NJ. Stavdipsiong Stk er dlndisassdserprodygs frseducireat ment with
el enental sul fur of polyal Fr%il ene-substituted car box;ﬁ iC aCé| ating agents
whi ch cont &hleriapcentepeby pashHieANAgreRkBAtt 3dn Lhd dratsd NonadS8d 8 dhdsat i on of

pol yal kenes ahdadka in (e aplSabHORL AL itk ROYHE § EwRClch ARERLERFron Ui dpscr i bed

met hod resufts |n orma on ro en su as a y pro uct and a

sul fur- 90ntzaicnmagnd%hﬁﬁ/k,alomncﬂﬂord|csp;bea,yt&>ran ahfmihugh tikj tivemati sduhixaosd ty. U. S.
Patent No. 6,077,909 to Pudel ski et al. and EP 0 899 276 each describes a
met hod for thsresfi Jhﬁdowﬂhipanﬁ;ﬂoewet Bﬁ9€§‘ftﬁtf<mrk§é by FAKGRPTESE 28y FARIRIAG agent s
having a [ on the use of, as the

pol yal kenehgfég&fgtrﬁlf%p tgh Bﬁnﬁ?%ﬁﬂ% a@?%@ogﬁ?ot al of tetra- and
tri-substituted unsaturat ed end groups in an anmount up to about 90 nole
percent, wherein the paly in is _reacted on a. nolar basis up

t h _hal
to an amount edla %tentt% 5r§§l5e9§4dP Pugglpig et éw@“@cﬁpagga%fg?%meéﬂ‘t@ﬁé gr oups.
25 EP Q, 6831‘1 cfdcﬁ’fer@&ﬁ 112%&1181119& &ﬁn‘?éﬁ b&%‘tiastlt&‘lﬂﬁér{i%imélerﬁgﬁtgﬂu rgontent of

chl orinate ypropy e or yi SO ene m xture of pol ypropyl ene
and pol yplpomlke/ttelesgubmtmed canbbyylhid mbeflan'mgmgérys suhiteit goneaie cldndngol yi sobut yl ene

and polyisobutyl ene succinic anhydride in which the polymer or polyner and
succinic zﬁ‘ﬁﬁ@‘ﬂﬂg(féﬂ%@&@rl%miesmQV@QtC@Hd%SWPWd%OIXE’@fe“SS aEe i ed peri od of

time. 30 ERn8R %%?b&?ﬁ&ﬁélﬁ 01&1§§Eﬁ8%e§c%%eﬂ GG ifASn f%hﬁi CO”t ent
of po alkene su stltu ed car I ¢ acylating agents which invo
treat rrent of hidragerhallfigess a)bjfrprodlbeernd@dwdtﬂ)ﬁur-nenteﬁmgg Pmsmdlwiecmdlsbkaym ne) .

15  high kinematic viscosity.

U.S. Patent No. 6,077,909 to Pudelski et al. and EP 0 899 276 each describes a
method for providing polyalkylene-substituted carboxylic acylating agents having a
reduced chlorine content which relies on the use of, as the polyalkene reactant, a
20  polyolefin having a total of tetra- and tri-substituted unsaturated end groups in an
amount up to about 90 mole percent, wherein the polyolefin is reacted with halogen
on a molar basis up to an amount equal to the moles of tetra- and tri-substituted end

groups.

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).



7 DECEMBER 2005 -4 U.S. Patent No. 5,777,025 to Spencer et al. and EP 0 014
288 describe a nmethod of reducing the amount of sedi memiEdEMBER gl ts from
a thermal, or ene reaction of polyolefin and unsaturated di carboxylic acid
in which the reaction is conducted in the 5 presence of a snmall anmount of a
strong organic acid, such as a hydrocardyl-substituted sulfonic acid.
SUMWMARY OF THE I NVENTION I n accordance with one aspect of the present
invention, there is provided a 10 nmethod of reducing the chlorine content
of a polyol efin-substituted carboxylic acylating agent having a residual
chl ori ne cont emi.SiPatevhiNah S{H8E, Oaﬁlt(yspcafcbmtsamlmdiﬂﬂﬂ et Z&Smidsovﬂyé ameamd at i ng

agent is subjected to heat- g aki n n th(la res ce of an a, nfsaturat ed
aci d or anRyEdpeiag thasameund @ ﬁ?:té Fire gy téﬁ’é’l’h eggbleefer&ﬁregqg)n& esent

i nvention, i for ent of a
pol yol ef i nPEBlefim B ERSHLARS, BrarbBRE IR in MRAEHDFedellt R voRbQg PR
chl ori ng C(prﬁsame dfia swhaillcdmduine opostyw@igafrpanis udidtsuthibed hydarbbylysutstiated at i ng
agent is subjected to heat soaking in the presence of an a, 13- unsaturated
acid or anﬁ?rlJ Nigacidnd a sedi ment reduci ng agent. 20 In accordance with a
third aspect of the invention, there is provided a nmethod of further
reduci ng the chlorine content of a product of a chlorine-assisted reaction
of a pol ySUMMARYOBRTHR-INNEAN TGN ed aci d or anhydride reactant which

i nvol ves m xi n? t he reactﬁ%nt S usi ngfucp xer bI.adeg,s% gavi ng peci fic

confi gurati on. ID&coeE{apet ¥ith,png GpRECH PLINE BFSEHBNERHPE BEFIS ’ior’fb‘f nts forned
in accopda r ition to a

| ower ?gm dﬁ'céhft}%ﬁc% dg{g%{?@ﬁtn Qtoitgﬁ dgla%?%enﬂerg%}gﬂﬁhg{aocva:r%be@ggh| gher

saponi fi cam)datmgﬂggew haniingha msxﬂ@ahraﬂd)m acatene s which tlee pdipelefi®-sabditand

i ncreased | evel of active |n i.ent d| ment values fhat 30 are
reduced tocqlrew@rgca&wmgeaem “gaﬁqt%g&ﬁa%%éﬁpgh% 6&1’6%?&6@04 @ G- r equir ed.

7 DECEMBER 20053 188! FGnRRER! PTI ON OF THE FI GURES

15 In accordance with another aspect of the present invention, there is provided a
method of reducing the chlorine content of a polyolefin-substituted carboxylic
acylating agent having a residual chlorine content in which the polyolefin-substituted
carboxylic acylating agent is subjected to heat soaking in the presence of an o, 3-

unsaturated acid or anhydride and a sediment reducing agent.

20
In accordance with a third aspect of the invention, there is provided a method of
further reducing the chlorine content of a product of a chlorine-assisted reaction of a
polyolefin and o, B-unsaturated acid or anhydride reactant which involves mixing the
reactants using mixer blade(s) having a specific configuration.
25

Polyolefin-substituted carboxylic acylating agents formed in accordance with
the method of the present invention, in addition to a lower residual chlorine content,
can simultaneously provide a higher saponification number with succination values up
to about 2 and an increased level of active ingredient (A.l.) and sediment values that

30  are reduced to levels at which filtration of the final product is not required.



Fig. 1 is a graph plotting residual chlorine content as a function of
chlorine to polyner ratio for reactants m xed wth eacmhesffEMBERIZI0s pi t ched
bl ade system and a pitched bl ade/disk flat blade turbine system 5 DETAILED
DESCRI PTI ON OF THE | NVENTI ON Sui t abl e hydrocarbons or polyners enployed in
this invention include honopolyners, i-sterpolymers or |ower nol ecul ar
wei ght hydrocarbons. One famly of such polyners conprises ethylene and/or
at | east o%@ﬁggﬁm@@@ﬁtim(;mspg 10 the formula H2C=CHRI wherein
Rl is strai charn alkKyl radical conprising 1 to 26 carbon
atons and wher diig. I e groplyplettingansidual shivainb oontewt-as arfooetionufshtarmatte on,
preferably a high degree of termnal ethenylidene u turation.  Such
pol ymers nmadplERFHIANS rir?ﬁcéf’r%%m‘lféir%‘t}b?acgﬂgﬂIdégﬁi]eP%HBEE df s¥itgm gpd
al pha- ol ef i f.plq %llﬂge/di%p?l‘é? Q& {glilﬂ)ige syghein R is alkyl of froml to 18

an

car bon at orrs, nore preferably 15 1s alkyl of from1 to 8 carbon atons,

and nore preferably still of from1l to 2 carbon atons. Therefore, useful
al pha-ol efi_n_nononers 0 on i de, for exanple, propylene,
but ene- 1, HdxbaEED D ut L DXENLIAN) © decene- 1

dodecene- 1, tri degapg- d}&ﬁf&égﬁﬁgﬁzﬁm%ﬁﬁgféﬁﬂ%é’iwggghﬁﬂﬁi’el’ hept adecene-

1, octadecene-1, nonadecene-1 m xt ures thereo ., mxtures of
propyl ene &othopOlymrenetefipol mmeks tohéowdrleglecutarenpglarhydafcashonk Pat yarsilg ar e

propyl ene hagnmopol yners, butene-1 honopol yners, efhyl ene-propyl ene,

Copol yrror 5.0 Sty PUNBEB FOBHESE SIBYSET AL A PTHen PG BRI RHo! y et
contai ng at | ARl SATR=LRRT rei%rié”’i&”traigﬁrt ?rb?zﬂlché'&‘&?&i}f%ﬁéy} Qycafreferred
pol ynmer's are unsaturated copol yners of & j?ene and™ propyl ene and et hyl ene

and but ene'cbmg-ﬁ@ﬁlgi N'oS6RABOTRLSMO hind WhSrel (¥HE BbiyRikr ¥BNtadR GRBhabRaf ol nor
amount, e.g. 0.5 to 5 nole %of a C4 to C1l3 non-conjugated diolefin

cononomer . ubeateragon, preferably p bfghrdegieet dfderming efhenylhdans usiattationi Svent i on

conprise on al pha- ol efi n. homopol ynme int er pal rs af, al pha-qlefin
compnoner s Pneh B SueysE 1LegRBg sy kL S b ArnEBRER SRR e
mol ar et hyl,85¢: foRmub)ivhefin Rhes ARYYOTEfo €PL Oy &8oh Bobty, 8nd ﬁ%%ﬂefb?abl%
preferably in the range of 20 to 80 % 30 and nore preferably 30 to 70 %

When priépyliea&ybefdion ljalemebon Hpms.cangiragre greferabbyosbreffeem 4)to gicarboat hyl ene,
(e et e ent AL S RS RO L picoen *© ond
example, propylene, butene-1, hexene-1, octene-1, 4-methylpentene-1, decene-1,
dodecene-1, tridecene-1, tetradecene-1, pentadecene-1, hexadecene-1, heptadecene-1,
octadecene-1, nonadecene-1, and mixtures thereof (e.g., mixtures of propylene and
20  butene-1, and the like). Exemplary of such polymers are propylene homopolymers,
butene-1 homopolymers, ethylene-propylene copolymers, ethylene-butene-1
copolymers and the like, wherein the polymer contains at least some terminal and/or
internal unsaturation. Preferred polymers are unsaturated copolymers of ethylene and
propylene and ethylene and butene-1. The interpolymers of this invention may
25  contain a minor amount, e.g. 0.5 to 5 mole % of a C4 to C;3 non-conjugated diolefin
comonomer. However, it is preferred that the polymers of this invention comprise
only alpha-olefin homopolymers, interpolymers of alpha-olefin comonomers and
interpolymers of ethylene and alpha-olefin comonomers. The molar ethylene content
of the polymers employed in this invention is preferably in the range of 20 to 80 %,
30  and more preferably 30 to 70 %. When propylene and/or butene-1 are employed as
comonomer(s) with ethylene, the ethylene content of such copolymers is most

preferably between 45 and 65 %, although higher or lower ethylene contents may be

present.



7 DECEMBER 2005 -6 These pol yners may be prepared by pol yneri zi ng

al pha-ol efin nononer, or mxtures of al pha-ol efi n NONTMECEMEBER 200Xt Ur s
conprising ethylene and at | east one C3 to C28 al pha-ol efin nononer, in the
presence of a catalyst systemconprising at 5 | east one netall ocene (e.g., a
cycl opent adi enyl -transition netal conpeénd) and an al um noxane conpound.
Using this process, a polynmer in which 95 %or nore of the polynmer chains
possess term nal ethenylidene-type unsaturation can be provided. The
percentage of polymer chains exhibiting term nal ethenylidene unsaturation
may be det er mTesc bylyFeisRnaybe picpaied By pohbimadrizen ssalphd-olelinineemonear, @13 NVR.

| nt I s, of t hi at t t b har.acteri zed b f I

POLY- (R ) TRt e ol SRR P EREREETS & of Boideq 1
nor e pref er@ho,Cal ph& ofBindhbddmeraidhepeesendlot heaab)sy sfsterh Bothgrighfut . (e. 9.,
met hyl or ethyl) and wherein POLY represents the polynmer chain. The chain

| engt h 6f tléast Rae mitajibcapedess. wicyFlopentgdigeyl draabitign oretallsomposndrasdean( s)

selected for use_in the polynerization, A_mnor anount t he pal r 15
chai s can RUHERHHY domena Eimedfis pread o Bofsr W S dn Papeio B
POLY- CH=CHz,ol 3 chainB @osseStetrhinaN@h&o/liveRd-6ype aRs£@@tiah Barl Y HoRRled. The
nonounsaturation, e.g. POLY- CH=-CH(R ), wherein Rl is as defined above.

These t er mipsadentagané pelymer edping eixhebipag (arminal alignyidepe upsatwratiory man dan

nmet al | ocene, chem st.r d al so _be. _.pr red ribed in U S, Patent
N e e R i U M SN S
Anot her, usef.ul | i [ RE t:}. oni c
ot ymor 0y s s 8% i BRI By Rt R O L R B R B D

this class Cjmd,ydkyReteftaphut £oaS;; alkyBiniad gbﬁfe@@lym&bi%adllk)ﬂﬂarmfmgﬁ refinery
stream having a 25 butene content of about 35 to about 75%by wt., and an

i sobut ene dBPEEMY 6f toaboatky3(e-2.t Betyb ok ethpdapd Wherein PQLispissedehee of a
Lew id . . ' T ieh QL AE; 1 ide. A
ewt s acl d SRRl Rhint U Afindbhidth haf e & ;%@_gg@a;g@upcargagg&gse@%4 far i de

preferred spo rce of nobnoner ut ene eum
f eedst r eanmzogitnbmes s Raddctatafioe utd inThepd yfresdationc ks nan@ atvcamt oSehe pol ymérhe art

backbond ofcTES B SUBHE [FAVBHAENY bataltu i Fordrbadie J Ok pd
cationic_ nol yniet LEaL Q1)L QI USRS i RLEANEnS sthuracki! 09, ABEY3 Catalysts).
CH=CH(R1), wherein R! is as defined above. These terminally unsaturated
interpolymers may be prepared by known metallocene chemistry and may also 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.

Another useful class of polymers include is polymers prepared by cationic
polymerization of isobutene, styrene, and the like. Common polymers from this class
include polyisobutenes obtained by polymerization of C4 refinery stream having a

25  butene content of about 35 to about 75% by wt., and an isobutene content of about 30
to about 60% by wt., in the presence of a Lewis acid catalyst such as aluminum
trichloride or boron trifluoride. A preferred source of monomer for making poly-n-
butenes is petroleum feedstreams such as Raffinate II. These feedstocks are disclosed
in the art such as in U.S. Patent No. 4,952,739. Polyisobutylene is a most preferred

30  backbone of the present invention because it 1s readily available by cationic

polymerization from butene streams (e.g., using AlCl3 catalysts). Such



-7 polyisobutyl enes generally contain residual unsaturation in amunts of
about one ethylenic double bond per polyner chain, posibECEMBERR@Bg t he
chai n. Pol yi sobutyl ene pol yners, when enpl oyed, are generally based on
hydrocarbon 5 chains having a nunber average nol ecul ar wei ght of from about
900 to about 2,300. Methods for making7pol yi sobutyl ene are well known.
Processes for reacting polymeric hydrocarbons with unsaturated carboxylic
aci ds, anhy, ;Qflylgﬁﬁltﬂén@sﬁéeﬁéél@@Qntﬁllﬁereﬂﬂl@a‘?%h%ur(ﬂﬂo@fn AEGUnYSS1 A8t dfeom such
corrpounds to are disclosed in Pat ent Nos. 3,087,936; 3,172, 892;

3,215, 707; Shy@sdic€8uble b@n@?@nﬂﬁne&@%péﬁmndﬁ,mtbQQhaltB 442, 808

3,565, 804; 3,912,764; 4,110,349; 4,234,435; and GB-A-1, 440, 219. U.S. Patent
No. 4,234,435 describes a process for performng such a reaction whereby
the resulting pﬁﬂl¥@5§$t&l&n§§9§¥de}§1%@n@ﬁlﬁbhﬁf’é&'drSgerﬁt?Miy%dsé@o@H?&%cM’bM have,
on aver age, least 173 ¢ oxylic groups per nolecule. 15 Because the

car boxylsi ¢ @mnmmavmrmumwmg mpleeulaniveight ef ffpmabdowe¥)0d0 sbow 2£H10. f urt her
reaction wth, ex | e,, an i ne or roxyl group), such products can
be descri b%‘ahaé Wﬂijn;?%pélf"ﬁﬂlﬁlﬁ?%ﬂ%lf“ietw ngrfo"ﬁ%/ | east 1.3. The degree of
functionality can also be expressed as a saponification nunber. The

saponi fication nunber indicates the mlligranms of KOH needed to conpletely
saponi fy one grRnocessesioB8Acti20pSspert hydwrarbancwith besagdehicAsarbasylithe reacti on
of an acid or, a ride with an alkali .base . .to forma netal carboxyl ate of
Che actd orsculingUBREEes o Piekk Bbfe SPsUEEn of P BT b Y ROPEE! ar

vei ght f 2228ischsdd inolfl. S8PIen@NEs. @&iselg%amwmi@ m 70*7@3 291@8¢nce of

chl ori ne (PIBSA) having a functionality of about 1.3 'l have a

ﬁaponl fi cat3, o, 7%1692’7'50554315@@1 ;08%,. 3,442, 6 Bro851804 sh8 2, &64]t a0, 49 pr ;)Tguct f
i 25
mbout a3, - ThibEryaan i hsDteBand by Halsnt S8 £adt PR AREORG Y s R oy i

acid produgkfdgmifiy eich @geddbibe Wk adblythamisdltiap palyoltini westithiedrcaawikiyig t he
polymer or ~ h drocar bon under conditions that result in the addition of
functional asplagng asemwilhangontayerage gt leashb3 sabaxylyngpaps e neple@se.er

i ot e8) 99yl BANIBEC bubYARSSALRON EOALISICRBIITRIE Wy FoPl €5, O

car bon- ]to carbon unsatu so referre enic or olefinic
unsat ur at i qojthérseag@ion wish, dgedkaatpid, ah achihelic jdosall igzaip), csm:rp @@ .can be

Functionalization is acconplished by hal ogenating, e.g. | orinating or
br omi nat i ngieycrmgé@w@gpqng@ogunctlonahty of at least 1.3. The degree of functlonahty can
also be expressed as a saponification number. The saponification number indicates
the milligrams of KOH needed to completely saponify one gram of PIBSA.
20  Saponification can be defined as the reaction of an acid or anhydride with an alkali
base to form a metal carboxylate of the acid or anhydride. A reaction product of
polyisobutene (molecular weight of 2225, AL of 86%) and maleic anhydride in the
presence of chlorine (PIBSA) having a functionality of about 1.3 will have a

saponification number of about 55. In contrast, such a reaction 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



-8 the unsaturated a-olefin polyner to about 1 to 8 wt. % preferably 3 to 7
w. % chlorine, or brom ne, based on the weight of polysereaseysbsocar bon,
by passing the <chlorine or brom ne through the polynmer at a tenperature of
60 to 250C, preferably 110 to 180C, e.g., 120 to 140C, for about 0.5 to 10,
preferably 1 to 7 hours. The 5 hal ogenatged pol yner or hydrocarbon
(hereinafter backbones) can then be reacted with sufficient nonounsaturated

e L

nonounsat ura a tenper out 100 to

250C, such @sorfrepot Eﬂ@ﬂﬁﬁe H3Q dnath2 XRGht pr polgmebbyh fdresaredm by pa&ddg the 235C,
and for a time of about 0.5 to 10 hours (e.g., 3 to 8 hours or until the
product 10 c@m@lem@r@r@ﬁmhwgh%Mw& aﬁ@iﬁﬁ@ﬁ“’éﬁ of] ©L59FCt pygferably

onounsat “rffoexg 18§ Oex {50 o'} Q%%E allt o@t%elogﬁre?&gﬁg Ak uRacigone.

Al ternative the (bone "an nonounsat oxyI I C reactant can

be m xed anghldeaned pr'}Jnﬁdi o2 dldragarbbh (Hdrcﬂﬁaftdr@at%nhs)tcaﬂﬂiearbe&bactﬂl’ eftar abl y,
the functionalized backbone is forned qtgﬂ contacting. the hydrocarbon and
car boxyl i ¢ wélidepmaenpinpruRddeadant §apabig of addeng fynctipnabmgicsigs fnthe 15 t he

reacti on m il A r om about
100C to abou CHE&%@ %Ig f%ﬁ’&nﬁsali&%h 8‘%8@?%)1% %M gtdt% rrecfXO?%’g{}gzguougt | east
about  70% mo tbizs0td) sath Befromyaboet B8ldedo Re6T @réfeﬁiblyﬁﬁl@l’hlabﬁuttmmertat ure

reaches 170C. Preferred npnounsaturated reactants used to functionalize the

backbone 202%8fpindster abims. ofabguid)-e 40 BYRGWS ée-Be P do Adewrs).41r until @e preghic,

g”hyd“ e Hraifléd Qovﬁﬁhéa{he dgﬁ%é‘r{}h&hber AL S9hd fnlon SRR é’a[r?zg i to CO
i carboxylic acrd car boxyl groups are viclny .e.,

| ocat ed on redjtatteret moky Gidalaicane) backboab) Aat:mlaeasly the beckbpne ued anlal y both, of

sai d adj acent carbon atoms are part of said nong uns rati
deri vati vesmgpoynsjtu ]%Oxé’ﬁﬁygqcfaﬂlégarb'?e @”‘efj(?“éé‘e?fle@&ﬁ‘é} é‘g‘f‘g\?é@“@s nono-
or di ester Sodhe hddmarkdihll refBRBUN R MG Efliicch bRKEA QoMldcfin

t gpmﬁ:g cid
wher ei n t he car%on car bon doubl e bond 1s conj ugat eof t he cargo yl
group, i. e.the dfdioharbostndicirborylicGeld @Oduciag thofdtiey aslerlbnint 1suet$oahfce(1 iiritb) such

as Cl to C5. al cohol derive mono- or diesters, of res

monounskt ur@f &RCHAR BBKYIG &hilg e ?eé?té‘)”(tieﬁnpera By ys Sl‘é‘é i?ﬁ?zys %%Oé‘él Upon
reaction wiidyoths aQ@tﬁlﬁ@@@@%@d@(e@r‘%ﬁ@?t I sl REreRbd Hﬁes?soaﬂ@m%&ﬁt urat ed
carboxylic reactant becones saturated for exanple, maleic anhydride

becones bac’m%nétIElﬁhMHmun@)db@&ckbdrbcﬁ)radeaqt@e,teramramcerxgplachﬁsalGDHZ becones
backbone-substituted propionic acid. Exenplary of such nonounsaturated

Preferred monounsaturated reactants used to functionalize the backbone

20 comprise mono- and dicarboxylic acid material, i.e., acid, anhydride, or acid ester
material, including (i) monounsaturated Cy4 to Cyo dicarboxylic acid wherein (a) the
carboxyl groups are vicinyl, (i.e., located on adjacent carbon atoms) and (b) at least
one, preferably both, of said adjacent carbon atoms are part of said mono
unsaturation; (ii) derivatives of (i) such as anhydrides or C; to Cs alcohol derived

25 mono- or diesters of (i); (iii) monounsaturated C; to C;o monocarboxylic acid wherein
the carbon-carbon double bond is conjugated with the carboxyl group, i.e., of the
structure -C=C-CO-; and (iv) derivatives of (iii) such as C; to Cs alcohol derived
mono- or diesters of (iii). Mixtures of monounsaturated carbox ylic materials (i) - (iv)
also may be used. Upon reaction with the backbone, the monounsaturation of the

30  monounsaturated carboxylic reactant becomes saturated. Thus, for example, maleic
anhydride becomes backbone-substituted succinic anhydride, and acrylic acid
becomes backbone-substituted propionic acid. Exemplary of such monounsaturated

carboxylic reactants are fumaric acid, itaconic acid, maleic acid, maleic anhydride,



carboxylic reactants are fumaric acid, itaconic acid, maleic acid, maleic
anhydri de, 7 DECEMBER 2005 -9 chl oromal ei ¢ acid, chl or orlGEMBERI0gSsIr i de,
acrylic acid, nethacrylic acid, crotonic acid, cinnamc acid, and | ower

al kyl (e.g., C, to Cz alkyl) acid esters of the foregoing, e.g., nethyl

mal eate, ethyl fumarate, and nethyl fumarate. The nonounsaturated
carboxylic reactant, preferably maleic anhydride, typically will be used in

an armount 5 loro eQC E518rghhéjrgH%le?%Qr%ggﬁdé‘tﬁg}%m%gdwfneth%é m%%onven ohid- 2 to 10

C
w. % base mer “or hydrocar {G onal

pol yi sobut yi@@le&nab@dtan@ lb@ebalkpit(e. %0 ito 7, iatkgtieaci Destersrof the Yoreydinyg) , 63- 67
not. % tri-substituted and about 20 to 30 nbt. %tetra-substituted end to

groups. Thet-gi ﬁWh)ﬂﬂ?éﬂaéﬁa&tWﬂ mara@uﬁl@n%ﬁb@wtﬁo? ¢ BQBPYpaERiedhl or i ne
under the GRpdSIRL: géc?a% FEfeIbAmE R 8%, G ! eARBE Afrtopy!  doubl e

bonds do no or| such reaction

condi ti oNns. raABi@gtirdin albcsm 9 lr’tﬁlabo%200i/t %)@ré:fénablyahﬁ td 80 wa-% astd duthed
unsaturated end groups react with chlorine during the acidification process
to produce Yeight 9f thpapkymer pehydra¢abPoRedi ate chl orinated 15 pol yi sobutene. As
a result of random chlorination, residual chlorine can be found on the

pol ymer at | ocations in which the mal ei ¢ anhydride addition fails to

elimnate the cbhwntibgal pésylidbetylmdfah ellsmpmoséeﬂ@l %’ Vin lidone o043 InyolwWizt h
mal eati on, mal ei ¢ anhydrid nono- succi nat ed is first obtaijned,

fol | owed byviBys 6%198@%% f@n?t&)ﬁqlf@?qd werper 20dA 3Héw’1 %f tgtrarsebstiies edhonds
resultipg f rg[ff%ﬁqf‘heevm L AL LA yinSP BBUROL IR o 2Bt gn ?d&@ﬁﬁ%@ﬁ% Lakile

all'ylic chl rom etrl- tra-substituted sone pol yner
wi th chl orismtémplated rémobh)onmltlam;d Thenmen yolkyearard momltcmubledgmdmdeaott ed double

bonds is included in the r ultin BSA pr.oduct .  Pol yql ef i n-substjtuted
car boxyl i c r&é‘}‘ PRI AR I f%?nﬁé’cﬁ‘gwu?l?léea&ﬁ?rb?‘?‘ﬁlé“%5|‘@1o (?[ﬂ'r% mghdri zat i on

reaction Vv om of
A5r36¢ trbemaghey QyuTa &Rl Perdurofs fefl RERoRo dfhEing

chl ori ne. ce 25 thrs chl or| e content,
pol yol ef i n- mxhﬁtattamtp&dcasatdamo;ﬂhm:manw sﬂnbrtrig/edgmatrnednavnm@nnasddual chl ori ne

is contacted with a snmall anpu |t| gnal wu, (3-. unsatuyrated carboxylic
eactants | TS G G BhEangPmGNorst det v CBIaTBE FEb RS [ PBact ant

may range fip 'ﬁbly%Qargt lj(-)cﬁt‘?or{s(ﬂl YonidH BE efadht ¥nHydade gd@itlBH faR1s4b elitfindiOfk

preferably from’l ) to 3 % based on thée weight
pol yol ef i n-chlgrstei tms bd rwtlb@pwm@dmmuhanengslageﬂmrnalweon maleic anhydride

mono-succinated polymer is first obtained, followed by bis-succination/chlorination
on newly formed double bonds resulting from HCI elimination. Some polymer

20 having remaining labile allylic chlorine from the tri-/tetra-substituted double bonds,
some polymer with chlorine in the backbone, and some polymer containing unreacted
double bonds is included in the resulting PIBSA product. Polyolefin-substituted
carboxylic acylating agent formed by the chlorine-assisted functionalization reaction
described above may contain up to, or in excess of, 2000 ppm of chlorine. To reduce

25  this residual chlorine content, the polyolefin-substituted carboxylic acylating agent
having residual chlorine is contacted with a small amount of additional o, f3-

unsaturated carboxylic reactant.

This additional amount of o, 3-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



resulting mxture is then soaked, with no further addition of chlorine, at
an elevated tenperature, such as 180C to 250C, prefer apCcEMMER 1005 230C,
nost preferably 7 DECEMBER 2005 -10 200 to 220C for a tinme sufficient to

al l ow additional a, O-unsaturated carboxylic reactant to displace unreacted
labile allylic chloride via a Diels A dgy- nechanism Soaki ng at el evated
tenperature may al so cause sone of the of a, 13-unsaturated carboxylic

reactant t 0)05‘{55?)@{% R mAC BAREEDaRNAkIS, TO0MS Irftcl RepBRLNITEr S

backbone of " the ol efin-substi carboxylic acylating agents via an

"ene" mechagitgino wikplabe tigsadiédlablle allylicyhdsrideeneh Didls ldatmehahiszat i on. The
mechani sms of both the Diels Alder and ene reaction are well known to those
of ordi nar ySogkinglat plevathd temaperatuisamay 4l6e eavse semae ef thetof 6m Prursrefted houl d not

be necessary . i raghii iR re TS Rlacha ARPHIRARUIARE JofiAIROXY ! T €
pol yol efsi n-}ﬁeﬁﬁnieto‘#ﬁl?edpc(ﬁ;%lmstﬁtnﬁ?d’&a?cbéﬂwc%ﬂlaiin nbevia afldggkaf ter the

initial halogen-assisted reaction of the polyner and a, (3-unsaturated
car boxyl i ¢ mecheniamt whightresw@tin adiigher teivel efdunationabitatiano dhe mechanisms of

(3-unsaturated rboxylic reactant is ¢ ed 1o, the reactor . excess
of a, 0-uni{?ﬁh?‘ﬁﬁgagigﬁ%rﬁng&??Ir?a}?tlpléﬁli?t%afﬁ%’rwrbtro thgse Oaﬁp?rﬁ’qu{alﬁgﬂﬁgrnnti on
of the hal ogepuasmihtestséibddrtherebLaoul bt O nbb@s49! ymer and a,
13-unsaturated carboxylic reactant. When chargi ng the additional anount of

a, (3-unsaturated carboxylic reactant to the reactor subsequent to the

hal ogen- assi st reaction of the pglyner d 13 20 unsat urated carboxylic
react ant (post?ﬂ?: FreaRe) ameyn O?gdﬁi%?)‘}{@?‘% Cﬁﬂ%ﬂi‘ﬁﬁc iresaCEféI? P‘?’f’gﬁgé%redﬁﬁe anount

of from abq?lé cBlodné eonttéht%@@Hétpo]rﬁ)l%in—@lﬁlﬁfiﬁﬁ&péaybcg){ﬂ@aéﬂﬁﬂﬁ% Qocht Haybeabout 5

% nost preferably fromabout 1"to 3 % based on the wei ght of starting

pol yner/  addedaftd-tbhnsitial halogen-assidteksehetoonnafitet pollysmc bnda, PuaostuotatedSuch
post-treatnment can be conducted at atnospheric pressuyre, or at an el evated

pressure. \WEwEYhnrear@pardliernsiyslpdaypdditinal amguni it presaradcdrmy be up to 5
at mospher es cﬁroxh icgpe%rt’an@rs %L?J ggk(ythggeatcf) r ag%)g}( e%s %f &DB-lelgart?rs dV\hen chargi ng
Ag A B B e e B

the additi _oC un . unsatura ~carboxyl re”reac élh_ to the
react oryspricarbok Qli®feabidhi prebritbor hath%@lefaﬁ@aﬁ%heﬁ thehdlbgdn-dssigetiiMmapf the

pol ynmer and 30 a, O-unsaturated carboxylic reactant, the "additional" anmount
i s def i ned reastian oftheurelymert anfdrcorid-uiatirated gatbox wisogacta.- % preferably from
about 0.5 to about 5 % nost
When charging the additional amount of o, -unsaturated carboxylic reactant to
the reactor subsequent to the halogen-assisted reaction of the polymer and «, B-
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 ¢, P-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, B-unsaturated carboxylié 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, B-unsaturated carboxylic



preferably fromabout 1 to 3 %in excess of the weight of a, 13-unsaturated
carboxylic 7 DECEMBER 2005 -11 reactant needed to forn7@®ECEMBER 2005

pol yol ef i n-substituted carboxylic acylating agent having the targeted |evel
of functionality. Thus, in one preferred process, the functionalized
backbone is formed by 5 contacting thelhydrocarbon and an excess anount
carboxylic acid producing noieties as chlorine is introduced into the
reaction | d from
Dot | 1000 e o B e e g
added bef oregdtbeleveladtfuntionelifyer at ure reaches 170C, and all owi ng the
resulting mxture of polyolefin-substituted carboxylic acylating agent and
excess a, (3 10 unsaturated carboxylic reactant to soak, with no further
addi tion of Chgﬂﬁé N8 on@prefliredr64RY Gk fu%gtﬁ)&{aﬁ&éﬁl?acﬁéﬂéhs asmed®dy to 250C,
preferably 190C to 230 nmost = preflerably 200 to 220C for a tifme sufficient
to al | osv adetithdtimgahe hydr@earbslaandrat@d‘esmmd)mkg/drb@(}ﬂleaictdanbdm@ngimpﬂtlase

unr eact ed Iablle allylic chloride via a %ﬁg nmechanism 15 In
addition t8s BR}P‘Hisrﬂjtr W%%IHE%H‘%H‘T‘%‘PPH%‘X%‘?]? \d ‘i%ﬁ’eﬁFaﬁHBP tqrARALRLULSs

functi onal | o@RdaRed Fbhd dboul Iod%@sto%éa been tngra@letaaaaﬁoo&mm BEfMe With
excess a, saturated carboxylic reactant reduces the formation of

sedi nent t chlarihebeihg atdadhetbre the tepetain tempeafaturdieeaphasddOtC amd/ablowagithei on of
sedi ment - r educi ng agents becopes 20 unnecgssar Further, when a Sr{gl ment
reduci ng afféRkitingdnigluse of pelyplghinsubstitytad frrbeRdic acylaing 3gcod andiexcess gufscat ur at ed

car boxyl i CF@]&@&%@BM%& E@ﬁaaaawﬁ%saa $hitrGR) #uwt %c]ilgltfotﬁeof ARGIRE ﬁtanredum ng

agent and eat soa int resence o excess a, unsat ur at ed
car boxyl i celee@ed &H’lllﬁpeaitdreﬁs&hiﬁilsHSG?@me(ﬁC pretbratintl 90%Teci309Camest .  provi des
a product that is substantially free of sedinent (less than 0.08 %w. % 25

pr ef er abl yp@é&r@W}'@-O@?sO MOC’@/GOT gliare sudfigiennp@llow additionadt f-unspguseted nent ) .
Sedi t d t
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"oil sol ubh@chani;%;if ocar byl -substituted sulfonic acid is one that is at |east
50 . % soluble in mneral 30 oil at 20C. The hydrocarbyl sulfonic acid may
be a n&tural or synthetic sulfonic acid, such as a mahogany or petrol eum

al kyl sul foni CInaz(fcicﬁifionatrc]) p%lob(i)ﬁ{ngsaurleﬁﬁ)pedcchﬁ) n% cBhtefl'and hi gher 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 o, B-unsaturated carboxylic reactant interacts synergistically with the
sediment reducing agent and that heat soaking in the presence of the excess o, 8-
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



al karyl sul fonic acid, wherein the hydrocarbyl substituent (i.e., petroleum
al kyl, linear 7 DECEMBER 2005 -12 and/or branched chai mopAdespBERIdsr yl , and
the like) inparts the oil solubility. O 1l- soluble mahogany acids may be
obtained by treating lubricating oil basestocks with concentrated or fum ng
sul furic acid. 5 The hydrocarbyl substifident of the sulfonic acid can

contai n non- hydrocarbon groups such as nitro, amno, halo (e.g., chloro or

bromo), | owsfd/s dsanched chanalkydlakaryl, SRt Bapke) ingafts (il sdlibibe T®), i m no
(-NH), ether (-0-), and thioether (- S—%, provided the essentially
hydr ocar bonsodytde saheganyfacidsanay pesebteinedby freatingtlubrigaging ofl hapestqeks poles of

this inventj Onentmgyorsfdﬁgn%{ir]fél?‘%%%&fzar bon groups are present, they wll

general ly Icc?nlgepresent no han about 10 wt. % of the total weight of
the atons in the hydrocarbyl substituent. The preferred hydrocar byl
substituent is alkaryl, and the preferred sulfonic acids are accordingly
al karyl Sul f oni Eh@by%gcarwlwabgntuwpf theiselferic @eidcan cprtaimbroa- siogsybars

sul fonati ng al kyl ubstituted ar tic rocarbons. s a hose,;obt ai ned
Prom e, " Periy e e Bt ik, RARTR R o lbgs bOFRMRINB e AR AN, LR BSPL ' o
by the al kyhaichptd, 8o (=0)01HS (£5)NEhe CNTRNGh&S-Of)OdndakivEiee (-St ) pasy i@ ai ned

by al kyl ati ng benzene, toluene, xylene, naphthal ene, and bi phenyl.
Preferred athkassgntially hyshipcarken eharacia|ofighe suhggbent dpretainrefop thetspesgs Pbnat i on

f hyd | akl . ith
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pol yner jozatjepresent i@ rbdleakiad atout 1@®i.0% € tstotay peiphl bf/the arsnad i thé om 15 to 76,
preferably from24 to 40, and nore preferably from28 to 36 total carbon
atonms. The hdyecaghylsibstidégitbe 25 derived from any aromatic hydrocarbon such
as benzene, naphthal ene, anthracene, biphenyl, and the like, but is
preferably derived from benzene or naphthal ene, and is nost preferably
derived from beniepeferbdehydrebeiyt aubsttueyt ishtkazgnarithé proferraldudfonid yqd<cal |y
contain from9 to 70 Ffreferably from18 to 34, nore preferably from22 to

30 total caqfﬁé?ﬁoé@iéﬁjé’ 4 kﬁrt’}rﬁéllfeﬁ?ﬂl@ﬁc_ids?ubﬁk?rﬂh%@h(%%cim&em@w% b¥n the aryl
R R B LA A S A
of the al kyfraggioaagien cfgpet@iausn bydisallatiagedadr ek tradton] &r eyathie itk ydatoorsof
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 -I\Wn 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.



7 DECEMBER 2005 - 13 The al kyl at ed benzene used for preparing the sulfonic
acid is obtained by known al kyl ati on processes; e.g., 1bECHBERB®sCan be
reacted with a suitable al kene or oligoner or polyner thereof in the
presence of boron trifluoride. Anmong the CO to C70 al kyl ated benzenes which
are preferably enployed in the preparatiign of the 5 sulfonic acid are

nonyl benzene, dodecyl benzene, waxy al kyl ated benzenes, and benzenes

al kyl ated with ' [ yer - ~ . hon at ons
obtai ned from p?g%oé%g!a?%ﬁeg%%}qgﬁgfbgﬁge pgghﬁl@tsmfgﬁsm? ﬁgﬁgggtgglgaltb e like.
Pref er abl y, kngvanykylationlpeteessks;@rg. aht bezend canftei reacerlivitahenitablé alkanavoxt ur e of

al kyls is enployed in the preparation of the sulfonic acid. 10 _The

hydr ocar by cligasearior pebanes (hereniie thediresenee efagon mikigndsrodmongthetditve f or
preventing or substantially reducing the fornmation of sedipents for the
sel ected reaeeikyglated brnzensy WUeTATEP %r.abWé‘?’Pri%éeQd? therReeRATHAT Ofdhe sul f oni ¢

acid enployed.in the present inv giti 0 IS t&pica ly in the range of from
about 0.05 {%OOMANYE 2RO SCRTBETOLET NP B2TE > '3 D 25 YRS ¥ BHEEFOn t he t ot al

vei ght of the  pel%al Hase wathdultife belinsiddRdi pdtyh@a et apts70 tdrbhRatohddr t her
been found that chlorine content can be influenced by the speed and

condi ti ons ehngieed flaircpropéns, putepe [aketane on aniktieesdhareeftasyd like. riateralys are

m-xed 20 in the reactor and t confi.gyration of th i xer inpell.er blades.
Spoct 11 cal 15y ot faEeRlar et nRfa PHER W gt W oSk ebPiiedThse of

hi gh speed m?}é‘ﬁﬂr&f@ﬂ@f&ﬂmﬁon@%{d}r t he use of dual -pitched bl ade(s)
(conmpared to the use of a top-pitched mxing blade in conbination with a

bottomwi sk flat blade) will lead to further reductions in chlorine. Under

hi gh speed mi xi conditigns, the inmpel.ler. . to reactor di er ratio 25
Shoul o be. mai nt DB Tasar R sl stHFhic B iusRRT P mbuREReE v sy
preferably §&@mting o8 shisstabialy réiubing hOFrmahe 6f RElnenity RMtadRWctdd 35 to about
0.55. The m xer nay be operated at speeds from about 70 rpmto about 1600

rpm pr ef ergidtipnftitagrandiepndiianso Whasdised, the ameyiof seléeni pdd eppbp yedfiRom about

200 rpmto 2 r-nm . ], %) | ly 5 to 100,
preferably tgggt%serﬁg?eg t1§ﬁéﬁ@bg&h§%trhg%egg 5?’2’?2%@3’50?%%3 )ﬁlg{l?(g)’ 65, such as
20 to 53, msferadlebasablys Wt ghrbadedwh tEdtotad walighyiof 42 potiAINR@@Andahd ons of

m Xxi ng enercigy is applied to the reactor contents. Further, under
icarboxylic 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. Furthér, 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-



hi gh speed, or other m xing conditions, it has been found that the use of a
dual - pitched blade will lead to further reductions in7oRceMpiR 0enpared to
the use of a top 7 DECEMBER 2005 -14 pitched m xing bl ade in conbination
with a bottomdisk flat blade, when operated at a conparable speed. Under

hi gh speed m xing conditions, the use ofi4a dual -pitched blade was found to
provide a reduction in residual chlorine content of about 20% conpared to a

conpar abl e m xer, provi.ded with,the conmbi nati an,.of - RiL.C m, xi ng
bl ade and aplf)%?fiélﬁf‘mgsﬂaq%l 1g¢o bgl&g‘.m ¥ r?roott/ﬁoaqedlgk g?ts%g‘?esév enlsaégrtageﬁllaé)éf or use
in fuel's anghhphabieapded, Urder Righ¥pée ixingethaitions!ttRelusastoanal-phcraey! ati ng

agent, as described supra, may then be further derivatized with a
nucl eophi | i bladewes émmd te prtyidesa reduetitinia resi¢iahehlariaopiitent f @bors120% 0 net al

conpound, or mxture thereaof, to forma, correspondi derivative. . Usef ul
am ne corrpofﬂ?&%ar?(g?o %%W%?‘?RZ FH@eerS%VdE‘?dowﬁ\[‘ itl}ee%ng)dpélﬁ’é‘rog 3IGRBIFL 4t | east
one amq{ie AdneBAdE AAPh bSRoAMBkNMat HRIdE. addi tional am ne or other reactive
or polar groups. These anmi nes may be hydrocarbyl am nes or nay be

predom nantly hydrocarbyl am nes in which the hydrocarbyl group includes

th , ., 15 hyd I | k I id ,

it 1 oo Ph aaTSpkordde Hpasan: sitIEr ufab T ot BRenS e BoEPRARS e
conmpounds i HpkiGed R yAD dcRMiNBEBeNe 8s d&sclbed supPh YRAK@BR bafckther

pol yoxyal kyl ene pol yam nes of about 2 to 60, such as 2 to 40 (e.g 3 to

20) total céarhetized with amacienphikiptactant, sech1s, ansameine zamigo-alrohol, aleabiolpr ef er abl y
3to 9 nitrogen atons, per.nolecule xtures of am ne conpounds may

~dvant alibouSRT Bt B TReifefest iloEh hetearBle el eTor O8Feh by 1 ene

di hal i de W §in@BRIpodnds OF 8érevatiethgFihdiRRhalReR ls)hﬁé}abbﬁpﬁ% MNeédseenam nes,

including, for exanple, 1,2- diamnoethane; 1,3-diam nopropane;
1, 4- di am nodningarag can eordpage onetns xeare addijonal anting enethenteative onohlaas

diethylene triampue; triethylene tetramne. tetraethyl ene pentan ne and

ol ypt opy! eFGHA nhess ity B BeoR dinsi B e RS RE A 0

propyl ene) tKydredtkthg anfthdyah wiie the hydicaerbgPpieap itsuded GkHed groupk €y ¢l i ¢

di am nes such as 1,4- di(am nonethyl) cycl ohexane and heterocyclic nitrogen
conpountfs shishioxd groups daleN il BEapaAMIdE RTauRsi nitrijes, imislezoline sreups; pedthges, such

as 2, 4, 630, W DGXAPIAAIGRER BthPSunkt Al i 3Nl pByaffRG LRed in U.S.
Pat ent Appl i cation

polyalkene and polyoxyalkylene polyamines of about 2 to 60, such as 2 to 40 (e.g., 3

to 20) total carbon atoms having about 1 to 12, such as 3 to 12, and preferably 3 to 9

nitrogen atoms per molecule. Mixtures of amine compounds may advantageously be

20 used, such as those prepared by reaction of alkylene dihalide with ammonia.

Preferred amines are aliphatic saturated amines, including, for example, 1,2-

diaminoethane; 1,3-diaminopropane; 1,4-diaminobutane; 1,6-diaminohexane;

polyethylene amines such as diethylene triamine; triethylene tetramine; tetraethylene

pentamine and polypropyleneamines such as 1,2-propylene diamine; and di-(1,2-

25  propylene)triamine.

Other useful amine compounds include: alicyclic diamines such as 1,4-
di(aminomethyl) cyclohexane and heterocyclic nitrogen compounds such as
imidazolines and alkylantine-substituted triazines, such as 2, 4, 6-

30 trihexamethylenediamine triazine (TAHM) as described in U.S. Patent Application
No. 09/432,739, allowed December 4, 2000. Another useful class of amines is the
polyamido and related amido-amines as disclosed in U.S. Patent Nos. 4,857,217,

4,956,107; 4,963,275; and 5,229,022. Also usable is tris(hydroxymethyl)amino



No. 09/432,739, allowed Decenber 4, 2000. Another useful class of amnes is
the polyam do and rel ated am do-am nes as di scl osed i MnDECEMBER 2208 NOS.
4,857,217; 4,956,107; 4,963,275, and 5, 229,022. Also usable is
tris(hydroxynet hyl)am no 7 DECEMBER 2005 - 15 nethane (THAM as described in
U.S. Patent Nos. 4,102,798; 4,113,639;-45116,876; and UK 989, 409.
Dendriners, star-like am nes, and conb-structured am nes nmay also be used.

Simlarly, Qo H@@frmanfaelae&%e&iuamsw@a,enaﬁoyasmalmdat 1, k%4, Pag. &y,  No.
5, 053, 152 or ﬁeav ol'yam nes as described, for exanple, in any one of

U S. 5 Pat entd I]Ilsi§89&0965)eim8me3, ?taﬁllhcsa_rmnss 70d coRb: stmptu&;mmn%maﬂhe

ol yol efi n- stituted..carboxylic ac i agent an ted with the
P e Conpoliba ey STRBRTEArE st sorfnieY e SORrBEU S Bl ol .
U.S. Pat ent n\Nosgs5#1 986 “hdavy? ﬂ&%arﬁmgggag)&%cr@&i Y& dxaR$ld, th EP cﬁle?&aj §60. 10

The pol yol ef I n-'substituted car lic acyl ati ng agent may a SO
der i vat i z edPatenttNosh§ $65:498; ibﬁﬁp@hdﬁ%ﬂéﬁ Qrsd, Wn&@dfhecpcaﬁdefpbl yhydr| c
al cohols, or with  aromgi

h h d | s.
o ororrou poiike AHEREhe SRR aR SRR ATV Thecrdns rORRM stz
al kyl ene r aéBnQahu&ame@hrnauésua@e&ﬁbed&opa(abme AT PSBPatédt M. Méﬁ yss ped yhydric

al cohol s include glycerol', mono-ol eate of glycerol, 15 nonostearate of
gl ycerol, nﬁﬂ@%ﬁfhy&vaﬂhennﬁft@ﬁ@Séﬁ@J pentaerythrltol di pentaerythritol,
and nixtures t hereof. An ester dispersant may al so be derived from an
unsaturated al cohol, such as allyl alcohol, cinnanyl al cohol , propargyl

al cohol 45 1- CyC’l‘Hé"?&ﬁ?@]@fﬁ sQlBstltﬁ&Q@ c%@%}lhcadc‘}ﬁﬂﬁ’é a 'rﬂdy R de?llvﬁﬁfe%s of

aIcohoIs capable o | ess “di spérsant npri se et her-al cohol s,
i ncl udi ng owith ay&lyokgmrmwndxw@@smqnbby@c &dqiolydtylder:ahmbolhonbrswahe

ohor o1 n' t neanet ERBPRRCaT™ EoREaPRend pEct PR AR SEBRERHR st er

di sper sant sinBRe Rk ytine W&[sﬁn&ifh@dl%|aﬂdy¢en%(ihd1§al%6nﬁﬁiscfr&§Q% 8.catbof: »
partially esterified succinic acids, as well as Fal‘tl ally esterifi ed

pol yhydric aatbm@hatbermsefphmwhednc dlcahols ineluide glyherel, meprior@leata bE ghyotrobr
phenoli ¢ hydro r.adi An_ est ersa epared by any
one of ﬁeveWBPO%%?ﬁﬁ hﬁﬁ'ﬁ%rdk f’é‘gl"a‘éegh t)hgg fil Ferg@ﬁ%a%rypqrﬁglu Pat ent No.
3,381, 022. ﬁgéﬁthayiha&élyarmm@urreedqeaajﬂl Anesk SRPES AN nSaydISo bdaseredardnved from
pol yi sobutyl ene substituted with succinic anhydride groups and reacted with

an unsaturated alcohol, such as allyl alcohol, cinnamyl 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, tetraethylene 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



30 pol yet hyl ene am nes, e.g., polyethylene diam ne, tetraethylene pentan ne;
or a polyoxyal kyl ene pol yam ne, e.g., polyoxypropyl ene sh@E@MmBER 2005

trimet hyl ol am nomet hane; a hydroxyl compound, e.g., pentaerythritol; and
conbi nati ons thereof. One particularly preferred dispersant conmbination is a
7 DECEMBER 2005 -16 conbi nation of (A)-p®lyisobutylene substituted with
succi ni ¢ anhydri de groups and reacted with (B) a hydroxy conpound, e.g.,

pent aer yt hréo}i%%iﬁaéi()gzg)lf %f@ygémgm SR it MRHEEL%?niEaﬂtylrdrﬂQ 'g)éﬂm;)x RLEPY! ene

di am ne, or ene diamne, e.g., polyet ene m ne and

t et r aet hyl eaetqewitaiBnehydoryg cahpeitndde.§., pentadrgtiritd; (©) epolgbxyalkyBne ( C)
and/or (D) per nmole of (A). Another preferr S di Bpﬁ?rﬁant .conbi nati on
conprises FOLBRBINES RPIBIXIPRIPY, ﬁl%ﬂﬁt%r@ aPebeylnCAHadFi & with (B) a
pol yal kyl e i 8. et AN ) l.yhydric
al cohol o;b% Q%ﬁ{%%dg%mgua%gﬁ%ﬁ@g&gwgﬁgﬁc ;l)rci' %®$O§%B%g§&e% ‘3999 of

pent aer yt hr(B),dIC) and/ot (D )speeminié of @) romehdraneferred ddpasarntioemhbimatibh S.  Pat ent

No. 3,632,511. 10 Such ashl ess di spersants, can be further. t treated by a
variety of COBWSSY? epmapinatinysef %3@3 FrioRnienzh EciAC %e/éweomtﬁZé) feneral |y

taught in lﬂ{og'a}@géﬁ%l%%ne%é?g%ggg"ﬁye‘?‘?gﬂ@alﬁ% A C)BYo Hydflc Qlcohdte

di sper sant Iy acconp at1ng an acyl rogen-cont ai ni ng
di sper sant osnipblyhgdioayanbstivmpdaliphasicphingesy hminene @x ipdetactythritol &5 hal i de, bor on

acids, and esters of boron acids, in an nt suffjciept to provide from

about 0.1 ttBS‘BﬁBMILO?aZ’@“%‘E’SWiaEe’;?FQ F‘gﬁbﬁg %B@waof%&%gich nmol e of acyl at ed

nitrogelp conposition. Useful dispersants contain from about 0.05 to about
7

2.0 w. e.g., fromabout 0.05 to about 0.7 wt.% boron. The boron, which
appears in the Sicbdsidessaspedahtgdanbe furtier post aichetd oyl ayvaeiesy ¢fjpronmertidngl

(HBOZ)3), is believed to attach to the 20 di sper bi s-im_de d di'i m des
as am ne s&Pﬁtéfeagpﬁ‘?t§ S"H%easr?é’f%{’é’éir%ﬁ%eng?ﬁty t@’fg?’F Hbﬁ'asgitpfi??f‘[j]gf)s'l%(?&?t n can be
carried Outangg,ﬁqwzeg Hor 2{Bnaqtd d@FésénQiérexﬁilf/accergggégédr@geaggggﬁﬁ adylt 0 about

3 w.% (based 6n the weight of acyl nitrogen  conp o} conpound,
pr ef er abl y niitovgen-caaiaihing dispéisyntawthea béron cgympband hiehas pbrami dxidey boromonmpound

S0 e P e L P 3RR 7 S BRE R st B OS,!
Al ternati vebyut ¢ hed atRRE 20 atohBabrepoktidhddf BBrondbHekcherblRYf aclaB@nkRygbs acid to
a hot reaction m xture of
: 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



the di carboxylic acid material and amne, while renoving water. O her post
reaction processes known in the art can al so be appli edEcCEBMHERRaZWpi e 1 In a
si mul t aneous chl orinati on/ mal eati on process for the production of chlorine

i nduced pol yi sobutyl ene-substituted succinic anhydride (PIBSA), PIB and a
nmol ar equi val ent of mal eic anhydride ang-m xed and chlorine is bubbled

t hrough the reaction 7 DECEMBER 2005 -17 m xture while the reaction
tenperature_j. ure is
Al oved 1o TSRl EhRERE S fIchaRtub R diim JA0T | AREL BOP TR o

el i m nat e uphe@st @ektiRliehllovdthydoaldfor 4Aots>h|@uﬁaindl§ﬂr&>§edraf@@mc:etd abb@m 2225 M
PI B, and having a succination ratio of 1.2 and has a chlorine content of 5
about 0.2 t220Cowlimifaie uibcastpd maid B0Ydridd. /(smpcaiiPﬁBSAtpromo(esm)m no. 48.7,
1900 ppm d S ABS %vﬁrged intoab liter, (fg or and xed with 65g of

mal ei ¢ anhy&#3d¥n nd having 9 $HgCRAdet rahe dhaiéc émreé?ﬁetle% m xture
was heat gd V- period of 1 hour. The content of the reactor was
al | oned fo %@aga%qo%%@ ?78r 6 hours with nitrogen sweeping. A pH anmoni a
test indicated the evolution of HCl during the heating period. HCG

evol ution was greztest during the first two hours, and di mi nished during the
r emai nder X aki ng peri od After soaking, the product was stripped
with 15 nitroge r r b Rl 8SA
(Baample 1) and H g ot B o OO R B Ao ™0 16
denonst r at elitebyeattoe anthnmedt\ivudl 65g efaneldicRINBBIxideadWhiel smenigcdmldcxrmtregm nt ent

and an i ncreased sapqnifi catl on Table 1 Exarrpl 1Exarrp| e
2 MA ChH} geBeGoACHERSUX U Yahirdt ta{gg%@wé@é@ﬁpe m% his fes 9

Chl orine Con%gtn} $ROXURAe soak at 220°C for 6 hours with nitrogen sweeping. A

pH/ammonia test indicated the evolution of HCI during the heating period. HCIl
evolution was greatest during the first two hours, and diminished during the
remainder of the soaking period. After soaking, the product was stripped with

15  nitrogen for 1 hour. A comparison between the untreated PIBSA (Example 1) and the
treated PIBSA of Example 2 is shown in Table 1. As is demonstrated by the data, the

treated PIBSA had reduced chlorine content and an increased saponification number.

Table 1

Example No. Example 1 Example 2
MA Charge 5.0%
Reaction Temperature 220C
Reaction Time 6 hrs

SAP 48.7 55.9
Chlorine Content 1900 790

20

Examples 3 through 6

The succination rate, expressed as a saponification number, of the PIBSA of
Example 1 was varied and the resulting PIBSA products were subjected to the same
| 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.
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15

20

The following Examples demonstrate the additional improvements achieved

by treating the polyolefin-substituted carboxylic acylating agent with excess a, -
unsaturated carboxylic reactant in the presence of an alkyl benzene sulfonic acid

sediment reducing agent.

Examples 7 through 10
400g of PIBSA (SAP No. 46.18, 1200ppm Cl) was charged into a 5 liter

reactor and mixed with minor amounts of maleic anhydride (MA) and/ or an alkyl
benzene sulfonic acid (SA). While stirring under nitrogen, the temperature of the
reaction mixture was raised to 220°C over a period of 1 hour. The content of the
reactor was allowed to soak at 220°C for 6 hours with nitrogen sweeping. A
pH/ammonia test indicated the evolution of HCI during the heating period. HC1
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.

Results are shown in Tables 4 through 6.



15 reactor was allowed to soak at 220C for 6 hours with nitrogen sweeping. A
pH ammoni a test indicated the evolution of HO during tbecheasErngosperi od.

HCl evolution was greatest during the first two hours, and di m ni shed
during the renmainder of the soaking period. After soaking, the product was
stripped with nitrogen for 1 hour. Sedijent was neasured using a 50/50

hept ane sedi nent test. 20 Results are shown in Tables 4 through 6. 7
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absent son®Pdltion to th&28edi nen§4(dr ob] em 720 pr oduct 8ir ned by
post - t r eat nel. @0H/58) BSA W Thcéml ei @0.@nhydfi ded.n®y need 0.01 be subjected to a
filtration shgpTempgP®) € [0 denpnstpafes fhatyfpating PRPA Th the absence
of additio cannyrid19|eaa ro] an gar|[re romin SAP due to
t he decar bo?y.g?.hﬁ%. of —the—PHBSA: I?[J[I'Q 5 alﬁﬁé No- 11%% i L’SA SAP (
57.8657.8657.86 start) MA Charge0. 090. 0%

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 Cl, 4 hrs 980 830
PPM Cl, 6 hrs 910 810
%Cl 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,



SA Char ge0. 29%9. 4% SAP, 4 hrs56.6256. 38 SAP, 6 hrs54. 6855. 07 PPM

Cl (start) 135013501350 PPM O, 4 hrs980830 PPM C, 6 hr3DEOBUBERZD0sdecr ease 4
hrs27. 49%88. 5% %l decrease 6 hrs32. 6%10. 0% Sed, vol %{start)0.10%0. 10%®. 10%
Sed, vol % 4 hrs0.06% . 09% Sed, vol % 6 hrs0.10%. 10% The data of Table 5

i ndi cate that chlorine content of the PRBSA decreased 15 about 27-33%in 4
hours due to heat soaking in the presence of 0.2% sul fonic acid, and about
38- 49% af t eg,;f nla(?:‘l'\5§0e0ﬁ'1 s@&%en?%lﬂn@g Ashhd P@st-@rreﬁt%?é?@ 8f PEBSQ\ Mql%uifmel ¢ acid,

7 DECEMBER 2605 20 no change 1 n sedi ment vol une. t he post-treatnent
of PI BSA wi adid alsolnf: dnea:notacdtmemaineeldné@@ilmont tfesjdmnonstretelsd\a&lsulﬁim@add ment ,
this denonstr that sulfonic acid anhydr i

synergi sti c? rIné {cq S’F‘ged}iﬁ%ver?ggyflﬁﬁlséléﬁﬁdﬁ‘étﬁ? Pﬂf@éﬂgqéwsfgf@% %(S?ﬁ‘rpl e

No. 1415161718 PI BSA SAP 46. 1846. 1846. 1846. 1846. 18 (start) SA

Char ge0. 20%0. 20%0. 20%®. 20% MA Char gel. 092. 0%3. 0%4. 0% SAP (4

hrs) 48. 5253T&4168. 656. 54 PPM Cl 1200740660690650 % CI

noa2  EQ/ o0, Nl 04 nnnn n10. N2 no
decr ease38 %ﬁ%m%lé {254 by 8% -SephoVol-Waee0-0% 17’ 18’ 15
PIBSA SAP | 46.18 46.18 46.18 46.18 46.18
(start)
SA Charge 0.20% 0.20% | 0.20% 0.20%
MA Charge 1.0% 2.0% 3.0% 4.0%
SAP (4 hrs) 48.52 53.21 53.6 56.54
PPM Cl 1200 740 660 690 650
% C1 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 Table?7

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. Cl PPM 1050 440 1800 910 2010 880




The data of Table 6 denonstrate that by heat-soaking PIBSA with 3% MA, the
chl orine content can be reduced and the SAP can be i ncreasedpErRasbs aneousl y,
with a level of sedinment formation that does not require product
filtration. Exanple 18 through 23 200 grans of the P1BSA of Exanples 1
through 6 were diluted with mneral okLR1¢S 150N) and heated under nitrogen
bl anket to about 140-145C. Ethyl enepol yam ne (PAM was added slowy while
control | i ngpfQapkd9s aadsath Py the water of reaction with the addition of
PAM The reaction m xture was soaked at 155C for two hours under nitrogen

at nospher e. PiEfemred UBSdrprpdudsioerevpmst-tréased wish i voipednaleichanhydridege 820 8¢, thirty
m nutes. The propertjes of .the dispersants thus forned are sho I n Tabl e
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-21 Exanpl es 24 through 27 Prefornmed PlIBSA products were post-treated with 1
wt. % rmal ei c hydride at 220 C, for 4 hours. The resulting reduction in

chl orine co , (at relatively constant saponification no.) is shown
bel ow i n TERLE Hle No. 120§ 8 EXANDI £ NOR Z425P62 HdVA (har geg 1% IRt
SAP48. 747. 4ﬁ9f’A i‘ﬁngg PPV Q20651236 20721&%0 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 (S100N)

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 (S1I00N)

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



Sedi ment vol . %raceTraceTraceTrace Exanple 28 300 grans of the PlIBSA of
exanple 24 were diluted with mineral oil (S100N) 10 anddteaMexk 2wosler
nitrogen bl anket to about 140-145C. Et hyl enepol yam ne (PAM was added
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w. %N, 7eenppiingithe fnaging withyke slygrp addiien 58P0 camplesiqe of & addition cfont ai ned
about 0.019 i : - heqopl anpl e 26
were dil ut et Q\Hfmoﬁﬁg%aﬁ@bgl’ @éﬁ??é(@f%%ﬁ@rgg%%%ag{g?gg{%%gg Enflgftrb%(g{é%&%b('l anket to
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analyzed for 0.89 wt. % N, 1310 PPM C], and 0.24 wt. % B. The 50/50 heptane

15  solution contained about 0.01%vol sediment.

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



addition of PAM The reaction m xture was soaked at 150C for two hours under
nitrogen atnosphere and the tenperature was rai sed to LFGIHCEWEER 2005

mai ntai ning the 10 tenperature at 160C, a boric acid slurry in S150N m neral
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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. At a molar 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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SAP565454606085 PIBSA Vo —9@[ 02T ace[Tace0. 010010 03 PPM
CI 98077077 Kna‘[ytlcafkesuﬂr T AL T Ul D AUt CUIIN . FDTFEFDIFDTURDI DIUFDI
Wt. % Nitrogen 1.20 1.14 1.21 1.25 1.30 1.19
PPM Cl 570 450 450 610 620 570
Sediment vol. % 0.03 0.01 0.01 0.03 0.04 0.04

10

15

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 CI 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)

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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heat soaking in the presence of only 0.5 w.%

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 Tablell
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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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, 3-
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 o, f-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.



CLAI Ms: 7 DECEMBER 2005 1. A nethod for providing a polyol efin-substituted
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substantially all of said polyolefin nolecules have reactted with said a,

( 3- unsat useleetdd t@nboneydr moreed shamunaturs@id €3 te Kl omonegarboxylicacids sed¢ond st age,

heating the pol yol efin-substituted carboxyl.ic. a atin agen action
produc'? hé’i‘ﬁ“r%dn t‘?ré‘sefig{féP ‘P]ij‘&?‘itbﬂéyltcoarﬁ dfaBP}ﬁ‘&‘JeiSﬁ“g%I(ﬂogﬁfltcpf;@t age with

addi ti onaljeaved RolhSatdidtdEthepyrboxyl i ¢ reactant, in the absence of further
added chlorine Por atinme sufficient to allow at | east a portion of said

additional a, 13- unsaturated carboxylic reactant to di splace residual
chlorine in said pol gol efin- substituted carboxylic acylating agent reaction
product. 2. Th&hsengibed ef clamyi nyhereigysaidsy. P-unsatisated carbpyylicreggiant 18 5 ¢

pol yol efin_is.r with said a, O-unsaturated carboxylic reactant at a

t emper atu?nedl‘%? aﬁﬁ}g&rrn{a 0 to 250C, and in said second stage, said

pol yol ef i n-substi tuted carboxylic acylating agent reaction product of the

first stage with said excess a, 0O-unsaturated carboxylic reactant are
heat ed togiet herhgtmethedahdaim 3 whesgingsaipol wiefimcompyases grhomapphangsexi od  of

for 0.5 t%f’é‘g?‘q‘%@on@o“ﬂ- go\?\ﬁgtkﬂ%e_ hd?ﬂ%@ffﬁasl%%@%ﬁhn in said first stage,

said poly ni1s reacte sai ed carboxylic reactant
as the tenperature is raised froman initial tenperature of from about 100
to 120C to a higher tenperature of about 180 to 250C, and wherein at | east
about 70 vit. %loe mehed ehtlaim Aevhereinspidnplylefin wRolyipRbutensact i on mi xture
before the tenperature of said reaction m xture reaches 170C. -27 7 DECEMBER
2005 4. The nethod of claim 1, wherein said a, 13-unsaturated carboxylic

reactant igs sdthechebod ofshnione, whersiareg folinsannasdsabox dicedatanttio CL0
nonocar boxylic acids and npnounsaturated C4 to C10 di carboxylic acids and
anhydr i dedntggdyced subsequeniiothe 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 o, 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 ¢, 8-unsaturated carboxylic reactant is
introduced prior to or during the first stage reaction as excess ¢, 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 o, -unsaturated carboxylic reactant is
introduced prior to or during the first stage reaction as excess «, B-unsaturated

carboxylic reactant in an amount of from about 1 to 3 % greater than the amount of



derived nono- or diesters thereof. 5. The nmethod of claim1l, wherein said a,
(3-unsaturated carboxylic reactant is naleic anhydri depEGeMBIR 2084 hod of
claim 3, wherein said polyolefin corrprl ses a honopol yner or copol ymer of

one or nore of ethylene and C3 to C23 §Ipha olefin. 7. The nmethod of claim
3, wherein said polyolefin i s polyisobutene. 8. The nethod of claima1,
wherein a, uns rboxylic reactant 's i nt r.odu bsequent to
the subst afrtH-4psa ﬁ%ﬁgiﬂl %ﬁ&reg%%ntfnieﬁet%t ? hFé’Qbi ltleéw ?L‘rc?sgtt"ﬁe%anount of from
about 0.1 LehokQ1i¢aOatiktCageRi @Rt pro@icy Ol efl n-substituted carboxylic

acyl ating agenf redaction product. 9. The nmethod of claim8, wherein a,

13- unsat ur at ed car boxylic reactant is |ntroduced subsequent to the

bst ant | t t he f t t t of f
Shout 1t 9% o B orBoASt gkt 3t vhS et Sk b bR ¢ acyiati ng
agent 1 eackyfinPh ot éactiéR prolile df‘%hm@cmd SRR 4 futthieRaig of ot ldgunsat ur at ed

carboxylic feactant roduced prior to or during the first stage
reacti on ds3.excess a, 13-unsaturated carboxylic reactant in an anount of
fromabout 0.1 to 10 % greater than the anount of a, 0-unsaturated
carboxylic reactant needed to formthe polyolefin-substituted carboxylic

acyl ati ng @agentTHS46hbQBf PR Y Chherdih sa%lﬁém%&tlt&é@éﬂbé@hcmer ein a,
0-unsaturated carboxylic reactant is introduced prior to or during the

first stageylatnagtgonhasingxcesduahchlp8nepsreniiahated indhdpreydnce of e@dt ant i n an

amount of fromahout 1 to, 3 % greater than the anmount of_ 7 CENBER 2005 -28
a, 0- unsateFess &d Paurpysased @P@%&%ﬁact%&@a fyrther presepgserf 0.05to 1 w

P ooy TePAR bl Bl orB A0 bk bed MR A B BBl ARELIEO RO duct 12. The

met hod of ¢l aim erefn sal ubs oXyl i acyl ating
agent reachrboryle addatingdgestai d second stage has a functionality of at | east
1.3. 13. The nethod of claim1l, wherein said polyol efin-substituted
carboxylic acylating agent having a residual chlorine content is heated in

the presenge Ofmafh@lho&zspaﬁﬁn 83, M?eraﬂ%aﬁdt&rgmda&aﬁsbmwccacq@aCt ant in the
further presence of O.
15.  The method of claim 14, wherein said sulfonic acid is present during the

reaction of said first stage.

16. 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 applying from about 5 to 100

HP/1000 gallons of mixing energy to the reaction mixture

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.



% of an oil soluble organic acid, based on the weight of

pol yol ef i n-substituted carboxylic acylating agent. 147pERemieiRyees of cl aim
13, wherein said organic acid is sulfggic acid. 15. The method of claim 14,
wherein said sulfonic acid is present “during the reaction of said first
stage. 16. The nethod of claim 1, wherein the reactants of at |east one of
said firs st t d.: - ! i 1L xer applying
fron1abou?05 tgﬁgdgggﬁﬁgkgﬁg?ga 6%§§§?Sﬁ?ﬁ?ﬁﬁégﬁéﬁgfggéﬁPﬂé reaction

m xture 1éondldeedmrtipeeisade of fRinmatidut 1uwheb®it § asabgphsiexer applies from about 30
to 40 HP/ 1000 gallons of m xing energy to the reaction m xture 18. The

met hod of claim11, wherein the reactants of at |east one of said first

stage and sai d second stage are m xed using a m xer equi pped with a dual
pitch blade. 19. The nethod of claim 18, wherein said m xer applies from5
to 100 HP/ 1000 gallons of mxing energy to the reaction m xture. 7 DECEVMBER
2005 -29 20. The nethod of claim1l, wherein said second stage of the
reaction is conducted at a pressure of fromabout 1 to about 5 atnospheres.



