- 1 - METHOD OF FORM NG POLYALI CENE SUBSTI TUTED CARBOXYLI C ACI D
COVPOSI TIONS 5 FI ELD OF THE | NVENTI ON The invention is
directed to a nethod of form ng pol yal kene substituted carboxylic
aci d, anhydride or ester conpositions having mnimzed residual

hal ogen contents. Mre specifically, the-iavention is directed to a
met hod of form ng pol yal kene substituted carboxylic acid, anhydride
or ester conpositions having 10 m nimzed residual hal ogen contents
in which pol yaMEHOD OFHORMING PQLyY ALIKENE SUR QIWESQ&@MMQ(
| east one ol efinic nonounsaturated gepgpoQIrIGNgar boxylic acid,
anhydride or ester, in the presence of a controlled anount of a netal
conpound. BACKGROUND OF THE | NVENTI ON 15Conpositions derived by
reacting p(%I y%l@%%ﬁ*ﬁ'ﬁﬁ%ﬁ%&\ﬁ‘bﬁar boxylic acid, anhydride or ester
conposi tions wth armines, afcoftols and/ or reactive netal conpounds
are known to be usédheinventitintis diestddhat nptiodiod dorfrired pedyedk dnel bubistiautddng
oils with inproved .di spersi det ergent and/or .viscongetric.
properties.  THATBBYAFACIde HAYHRAS PresELEPEReBORy A ine it e issidea elogen
ester conposi teofdsts.aMRrd $HREEEAINCHhe WsRhtidn 18 Fir&daldlashdth®d T foraied

pol yal kene-substituted carboxylic acid, anhydride or ester

conposi ti ons y i apy ' mpesitiensdivi

iti Felyalkgphpmstiiued earbex by apid] agrinds s egereg tensdiavios

pol yal kene,,and..:as - : f i =1 Qr )

O car boxyl 1o, antmiEREHG 0N Bl doBleft R IBHAIRNAIRRER S1BPAcd Ahalogen
anhydri de. Chlassisterbreactionvdthrad $dasteoeniefihiy mmednsatudatef mend-iov dichdkbrgien.
In a two-step process....as described faor exanpl in U S. Patent No.
253210, 666, - ACHORPSRRRE P88 g PRacre af S tRe o P & Bl imaiing,
| east one chloro group for each pol yal kene nol ecule. Chlorination can
be achi eved by, si PRl Y, anta Ao e_pal yal kene with chlorine gas
until the desiBARGROYND OF THE INVENTIONT heorporated into the

pol yal keneys usual | vombodtidRMRATRL B 1Bachhg ﬁ?ﬂken@iuBﬁitﬁ@@bﬁrb@:%ﬁQacih,n
the second step of the two-step chlorination process, the chlorinated
pol yal kene 305Rkouiide ongster kempositians stithrinesy denhplsdndior teactivemhesal

equi val ent, or l . { i.c acid,
nnyari do or cafpPRdEheRpERT, RuBn Anub R HotE Rl ORI, B}
200C. Al t er natvithgimprovaddispssidg siereigsethrtitr visgangitie plopertieS. THegtotyatkehos .
3,215, 707 and 87 . m xture .af pol yal kene.and a,

13- unsat ur at ea‘%éﬁf“%@m"éﬁw. afl%émdﬂ%ﬁvd?@r frmRsitent g thempehvanvssial g,
in a singl® staplstieasush pblzalﬁﬂﬁts@_ﬁitﬁﬂe&\iérbbx@hb edill ehgfiRle e efler, DY
passing chlorine gas through the mxture with agitation) at an

el evat ed t enp&PEPRONE aregommopntyfogpedhyptogen-pesisjed rrectien sfipyalkene and at

car boxyl i ¢ aci@st @B R%&EhicI8oRn&iirREd HOARQS h&h%alﬁ%%ﬁ S;/'lgﬁgﬁgéjorvés T,

hal ogen (usually chlorine)-induced condensation © ene and ’a,
-unsat ur at ed s@steexyhdndy meleit, anhydriddr Chitorioe isgb¢ mostcompemiydised and effective

conventi onal | taln resi |. chlorine.content .o o2, 101 mass
% which corréglgg%dgh (t)‘g%',s tggggq%gsslﬁ,dawlbggﬁotrgx%n S I'%Qgﬁte(‘%a?r) of
chl ori ne. 2¥hu8$,219,466, ipobalkday is\wRdrihatedumid khead is @n asarhgd dt ldakeme chloro
carboxylic acid nhydri de or ester c ounds (acyl at.i ng_agents) are
a 10 source OEOBPS%{%‘E}W‘)&F}HFFQ@' tlffcﬂlgt “ﬁ%‘f‘b‘?ang?lela .‘e‘lﬁaé’ygﬁﬂply

envi ronment al c6RREAs e RAAIKCARGUWE ChIORSo gds infiBhe BAGEIBM & of bgnei®
elimnate, or at |east reduce, the | eve% h

. of chl orine and ot her
hal ogens i n f insprogrgpdriptodhe psilyalicang ushallysat atempstaiene of alhus 75 tosdbout 125°C,

o avoi d the. L2 St OpEHER E5 s FEEE, Mlonyoh bioRso Be il R eiiat

wher ei n aspol pridkanétheiistetepfit Rhded Whh FRd RGAEVAER! & ABIROcxcOs of o, B-
di carboxylic acid, anhydride or ester are heated together wthout

hal ogen assi s F%?%B’?}te‘b‘ﬁ‘f baki¢ rojdiaphydaide pr et ispaliytata terapeastyrstof @bout 100
thermal " or toSdbSut J0BSE! kﬂgi)nati\%ﬂe Qn@as@gcr}f%gd kot e}qgn%}%er: 'b)tr) %ds ];a%%t Nos.

3,215,707 and 3,231,587, a mixture of polyalkene and o, B-unsaturated carboxylic



U S. Patent No. 4,943,671 to Dockner et al. describes a reductive
dehal ogenati on process for reducing the hal ogen content of an organic
hal ogen conmpound with formation of a hydrogen halide in which the
organi ¢ hal ogen 30 conpound is reacted with a hydrocarbon in the
presence of elenental carbon at el evated2enperature, in the presence
of an iron powdidy ardydiidecst estonjeadtinds €@; dalsilghsdtep process, Be Sontktatewith No.
5,489,390 to Sivik et al. describ Eﬁge@%o ess for .reducjn

I he
chl ori ne cont &RPTRE 835{e§r HY RBSHES Beythe mitimrecwith ggétatlon) atan
or ganochl ori NQlevaBd GRPRAHARE (d.8, M¥Ed:r YidvB). (@) an acid selected from
m neral acids other than H "and HBr, and organic acids having a pKa
of | ess than about Pelyalkent-gubytituted carbeeylio acid cathydsidsror losterdompositions a
period of tine fficient.to reduce.the chlorine content .of the
Pormound.  cni orierdyaadesn [REHEGHlsEReEA G B EL b S Esend i
with 5 iodine mifdatf848 dafhok ATEPRI) dishydaNeMeister 8GinFoune SbiventidAI contain a
hal ogens are present in the final product. Further, as would be
apparent to onesidirl giefinexoptestafiOs tod mase Y whichtcemespends to S0P it H,0KX

as el | as. (niqua itk PP TRlr) Pher iy BP0l P RBRRIGRARGE, 00

to Sivik et alsubstitsglmsesylic @id)aelsgsiritloor gsed vahpenndOhllatingwgensdreat

by post thermal treatnent, as | .S, Patent ... 5,489, 390, using a
o 501 vel Yl aegueaFEFRmOgHioRny e Samaler pip- (R tBLErREIEaA eERE e
carbon. The Leydusatidfd, G Has bédhRUeshblerto @limathtesoradt 16abiEducsREORSEIWT
calcium iron, copper, ron, alumnum tin, titanium and m Xtures

bo
t her eof ; pr ef éhiappgandpthgsdalogensdn fuel aid motengil eddithfes prhipther isgustsiabni ne.
15U. S. Pat ent , i . | : f
reduci ng the c? g?t?'ngﬁgg%?gjn%&aééﬁygﬁcéﬁ ngrgﬁlgrgﬂﬁg? P%lgﬁéggoﬁgfg)% 1%8
acyl ati ng agenf baloganaitogesingr diynusiop b thermal preness whanejn fupolyatkiare aid| odefinge

i nduced condensation. of polyval kenes and a-, sunsaturated r.boxyli C
aci d moi et Pes YR BEENTs R of SGBROME ARy ARG ot siter  aE g
di scl osed r eswlithsut Haldgbe adsiyeaned, ioptiorafly yitle p@esncs of 4 talflyaga Ghermal” or
by-product and 2Qa sul fur-cont aj ni ng, polyal kene-substi tufed
carboxyl i ¢ acyP¥t FASHYe SRchapeigd § q‘é‘l"é’?ﬁ?’\f@l e)?‘aﬁpg’nl ‘ij‘geﬂﬁfl}t@‘"

viscosity. 3,361,?5@.- HERERR tnabWialsGorded vEBe HRrFU I8k kh g&leral] have a lower

descri bes a nethod of providing pol yal kyl ene-substituted carboxylic

acyl ati ng agemntebeipfiapyating gsenpsodr @hlees. ndnatherselytion (gHhe prohsirhis ¢p post-
| i h ; - ' -

navi ng o th altear laeeRSolaGind B e R ORI A wyd IRAUR Lot e

in an anount ppoduct iabioatacSptabid levge Cetait methhéy foir Accohgligohy/thisedd knava.

reacted with | ogen, o ol ar, basis u 0, an_anount ual . tq the
mol es of tetra”® aﬂe%?‘{glg’h‘ge‘s)ﬁaﬁ%?g e@%ﬁ%hﬁh@%enﬁﬁntﬁn@h atkene
describes a prsﬁlfsﬁﬁﬁed&fé?laﬁﬁ@ﬁ%‘chﬂﬂaﬂilﬁ) £bredly RRIUEOINE @lInbET of G bY1Rrg 1R
pol ypropyl ene or polyisobutylene, or a mxture of_pqly rl%pyl ene an
30 pol ypr opyl éﬁ%t@?&%rb%}/_éat@ﬁhlymlfe@@si ab regutedisarsipifioptiahes Adp gumber or level
pol yi sobutyl eng,and ieddiink PRYL SRS ASHECH e Sse WY MK el Buride i ¥yGRq g
pol ymer, or polyner and succinic anhydride mxture, is treated wth
heat for a speddifipwadprpsess gt¢ple.g.ipost-treatments or heat soaldmg)) 665 242

descri bes a net hod h i t C I 0, al kene
substituted car boxy; éﬁé’ a{fggl’ldgt‘{’]%g ’éggéonpé&&ﬁfﬁﬁﬁﬁg%}g%sea I{E(ri'gcgb%/mnt W th
a hal ogen ot heehdidgenatmhlppsdessefof edaeing the Halagenaontenefianeyganid HalogBat ent

No. 6,562,904 to Bar,ini, et al. describe .a_.nethod for redugi t he
5chl orine con®ERPOHE it ‘55}1‘%@4@ & hpdoRn Jalice @a‘v}selk&ﬁoeg%jwﬂ@%%g
agents in 3phi ¢BmpourlieRh&ed Peth ¥ AL EBERLAEN itGprésch&Sd AU entil EABSE

content is heat-soaked in an additional anount of naleic anhydride,
i n the absenc&legtted grpgerture,da &g negserseiof at iron powder or iron compound co-catalyst.

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

chlorine content of an organochlorine compound in which the organochlorine



SUMVARY COF THE | NVENTI ON 10l n accordance with one aspect of the
present invention, there is provided a nethod of form ng pol yal kene
substituted carboxylic acid, anhydride or ester conpositions having
m nim zed residual hal ogen contents, in which polyal kene is subjected
to hal ogen-assisted reaction wth ol efi nix.- nonounsat urated nono- or

di carboxylic %angourmmh@iddd@tm) o4l sele'ci%dtﬁlaﬁl :an%ﬁaw&&s &Berfthm Hl and
controll ed anount of a 15netal salt, preferably a pol yal kene-sol ubl e

met al conpoundlBr, and organic @@dsdmﬁre%a@@ﬁmd kessithgeglonuti2;anddbx a spurce o iodine

i nvention, th A I

substltuted c%? OhﬁF?g aégggd %gﬁgg%%fégg‘égg%gﬁb%g*gﬁghs avi ng

m ni m zed hal ccgmpomdntcmmrmpleanelsumtltehembomﬂtme@stmeeduced by whatmbnttwich

sedi nment and g¥§le %IHE are concyrr m ni n1ﬁ%ﬁ These and ther
obj ects, advartdiRfeandbroming SompeuDdsys ?‘H% “hAR ALY %}bl??ﬁ?&?ﬂsi’z&eﬂes
better under S t@oghal pRaudth Budtiedr] /Wrodl Eteip?mhﬁdo GRSET drifinh9 Rk in tHRQirt, the
preferred enbodi nents. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

25Sui t abl e hy dpBiEAESALOISHcasxyliesysteapTithraeiahacidsesapiaad dridesprbprylation
invention incl 5 ymers or | ower nol ecul ar

wei ght hydrocaggg%gpﬁgggb¥&ﬁiﬁOfm$$8§Hﬁkpolyners conprises ethyl ene
and/ or at |east on¥&.LPateot RS @]2@6&4®Seﬂaemahdmcusgestalmo¢ess fmtﬂlucmg

1- 12C=CHR mhe ei.n Rl _is,strai r bra che

conpri st ng1 Ehoate Essry htsd et FeomsRE RN Bt 8" Bl Nor Yiea 8 i o
car bon- Ito Cﬁr b@ftngfy lut‘gﬁahmnﬁttdf@ﬂ,ewﬁlsf@fcﬁﬁﬂhé Iarbsa.nderog‘ra1er;r‘egfaeainrmfn The
term nal ethenylidene uns at i Such pol yners ri se

i nt er pol yner stﬂé’f‘“sé‘FWF & @t%%fﬁrsggwcmnswﬁéa&l% iFPNg FORPRIe D3Ry e
formul a, wher %lu‘ﬂnﬂlm Jifh, a{amn £Hd ﬁl&ﬁl?és]thérébflﬁeféﬁa'bﬁgﬂ R ETencddtth BBICE of
preferably is alkyl from1 to 8 carbon atons, ‘and nore preferably
still of fronﬂqmn&Pﬂwammbon . 5 - atoms. Therefore, useful

al pha- oIefln nonongfr ne,
Ut ene 1. Hexene. 10 S EARSE ST PlHER ol h8nBEA TR Foa B AR
dodecene- 1 tdeatemee&ﬁmﬁefpd@dkﬁamrﬁmﬂpmnﬁad&mgmeﬁﬁdmh@x@&aswhmhl

heptadecene 1, octa cene- 1, .nopadece .and m xtures t

Cor o C i xt ur Bt SHPBR FeEMnREoR R oHEe ISP Taesy PO ar y
of such pol ynﬁﬁ@aaﬁ%xﬁétﬁﬁl@d%ﬁl%of@ﬁmaﬁi m&eﬁe%,by%h%@mlenh@meﬁhﬁﬁﬁr s'iufur
et hyl ene- prop%bene copol yners, ethyl ene-butene-1 copolyners and the

i ke, wherein heleﬁr@riyimé segloasudts irstha formatien ofdwdmeer suifidemas adiyeproduct and
i nt ernal sa i | yner s
oSl ol SR S LSO GA BN L WIS L GRRRL
|nterpolynerSr@ﬁnmbuﬁg1hnenmm0nxnmgr1OConta|n a mnor anount, e.g.

0.5to 5 nnle % of C18 ted diol, fln C

However , is (;)repggr ?ﬁ“ﬁﬂ%t ({7&%6?) %E Lehpl. g ?SWB?Fﬁ‘ir’Eg?fD%%W%‘Pgse
only al pha ol gélymkﬂeﬂ@mlsﬂtﬁ&a%arbbﬁmraeﬁhﬁﬁgm ént@ha@ﬁ@bﬁrdﬁ&e@fcmnne
conononers and interpolynmers of ethyl ene and al pha-ol efi n conbnoners.

The nol ar et hgpen: %m @ﬁth%reltehen Bmuy%fsgstéWIWWewﬁacrw, roleledini on
is prefer |y 0 . %

R g )
with ethyl eneathUhBO wolpyfeareet, odrrearthe polyslefihisceqsEdywit salégen wp aimolar
preferably between 45 and tho h hi gher, .ar ouer et hyl ene
Cont ents. ey BEGRGNERSH ol I MRS b i Prphftien id ot

pol yneri zi ng al phaEpbeii achosnons a p@rﬁce&&‘ofﬁe&ﬁdﬂrﬁ@lﬁe ohloahd vt ef i n
nononmers, or i Xxtur rising ethyl ene and at | east one C3 to C28
al pha- ol ef i n RiaARLed polYpTomY deng 0B BisRbUbYleng, ep MPNE Ovagﬁvﬂ@Wnﬁsi ng
at | east gpe B@r&&bFﬁemc&ﬁcqnhy@dey&'pe%esﬁﬂ'eﬁéraﬂd dolyAtsblly 18 1At 2l
conmpound) and an_al um noxane conpound. Using this process,” a polymer

i n which 95 %pdyiseiitdenssuetinicpohydnde, in mmghmﬁwsomﬂmwand succinic

ethenyl i dene- B%R«Sn&'é‘r%%%ﬁt hgﬂec? fMin Reat ?or%\/slpgc%“rjed perlod P HRE" centage of



CH=CH(R1), wherein R is as defined above. These termnally
unsaturated interpolynmers may be prepared by known netall ocene
chem stry and may al so be prepared as described in U S. Patent Nos.
5,498, 809; 5, 663,130; 5,705,577, 5,814,715; 6,022,929 and 6, 030, 930.
Anot her useful class of polyners included4s polyners prepared by

cationic pol yneri zgpiowssoH2 deehbds@NBeth&d THF RAGin@ihe chidfint EdiRent GPNTON
polymers fromthis class include polyisobutenes obtained

b
pol yner i zat i oRoplkene substityfed carbaxylia a¢yiating agenss whick Hwobus r\lteé%'tenb‘ﬁ’iﬂ%out

35 to about 75241)%%d@ﬁer1tha@afb‘illo§fﬁei(é€.bféhfﬁ@%r&%Hﬁ t of about 30 to about
60% by wt., in the presence of a Lews acid catal yst such as al um num

trichloride or borbrf.Paiehl Nert,16a,90A toBaing et & dleswibe canahodvion tadiseing the
maki ng pol y- nbut enes i s rol.eum f.e treans. such.as Raffinate 11.
These t badt st SHRETS Fatch B ST BRES pBERRIc MR R Bfiehe o,
4, 952, 739. Pomaleatelpblyaikere haimg dresiuad bt welteheic hbnnealet it ieadditional
present invention because it is readily avail able by cationic

pol yneri zat | oﬁmf’\”Hm?Hﬁreé‘hM‘W%aH’stﬁ? absgnee ﬁ&@@r aded aflgsipe| ysts).
Such 15 pol yi sobutyl enes generally contain residual unsaturation in

amounts of about one ethyl enic doubl e bond per polyner chain,
positi oned al SHYMARY-QETHE INVENBAN sobut yl ene pol ymers, when

aver age mofoul ar ALcSHEagRT e AHESRARR IR SRoBANLRS: BapHare”
Met hods for malethod of fdrmirginlyajiteas eulatietedehibokylivanid, 20Fdedeorestir

ol efinic nonounsaturated.reactants used .t functti nal i ze the .
ol yal kene. batRBgHLID AFERMBHSE e efoart BRAnRe Towfish pelFalkenis
i.e., acid, aelmjwtéddehal@ge@gdsﬁteaséaeﬁqmtﬂeblieﬂhic mo6hnsgtufged hdno- or
nonounsaturated C4 YO C10 di carboxylic acid wherein (a) the carboxyl
groups are vi dicappxyliciacid, anlyydeide eiFsish iyt easeiice 0h# BORIOAed aBPUE Q2 (b)
at | east e, Al i on 25 atons are
part of sard maartt Bty h Boly el A AR ) 22 O e
anhydri des or Cl tnacBorddnsevdth adecindadpacbefdhe inverdioastheness pbvided 2

t t C3. YO, Cl.O liG. | d .ein t
e B8 o LSRR i BELSiBE0R  50
i.e., of the sémpwitiohehavimtnidmizedhslofen\ehnidis, a¢ ad ihe €@st@fpet, id Whishicha

as Cl to G5 al cphol d%ri ed nmono- or diesters of (iii). Mxtures of
monounsat ur at &Me AR flrge ggicapqugiently mynimized.) " 51 so may be used.

Upon reacthon w t hTEdIE alRPGkOUboctst AR APRRURS RhiALIF AR PREschfiBvention will

monounsat ur at ed carboxylic reactant becomes saturated.” Thus, for
exanpl e, mal ebebatienyutertieodfean thedolbeveikt detailed dosaription efthe prefirredc
anhydri de, angmg&{}%gl%tg aci d becones backbone-substituted propionic
aci d. Exenpl ary of such ol efinic, nonounsaturated carboxylic
reactants are fumaric acid, itaconic acid, naleic acid, maleic

anhydri de, chmmgﬁl mal_ej dride, acrylic acid,
nmet hacrylic a % L ; Og ..%h.ﬁ{é&aq@. = and | ower al kyl

(e.g., Claso CA4 al Syitableaydtbe@Bbmy & pofynteifent 6328 @ 1 meRhdd of tAEi¥htion
mal eate, ethyl fumarate, and nethyl 5fumarate. The ol efinic

monounsat ur at B¥uda peraepalymers.dalernehtmeryordpwerapeloculas weight hydrpearbens, One
typicall i | i j 0]
R L L AR e e R e

pol yal kene r ehstimthe forhalaid) et KR hevharin Rds firuight boahdled dhath biky! radical
carboxylic acid producing noieties (preferably acid or anhydride) by
reacting the pURErisingehie 2saeon atomsiand shereindhepelymesqentainsartpa-to-carbon

addi tion qf fuﬁs%{;;;mﬂ' pr@f%ha?)jp%ﬁﬁigg o BEESH Sy grhgn}h#a@n@]ﬁisgm{aﬁamgﬁéhde

or ester noieties) onto t ne c rimari Ty at sites of
car bon- t o- car papmen sty coatprienin(ezpat ymere bEethdehetand asleedt byt slphasolefin of the

ol efinic uns agl:gjol;/g%olr?n%a, !\JN%Ierrf]:gl R irs] %{kgp(%r}ro%% f ItosltSegarlIolljlr}:l(f\'gnIlS gl% hl%l%tplargtgrably

is alkyl of from 1 to 8 carbon atoms, and more preferably still of from [ to 2 carbon




- 8 - the nunber average nol ecul ar weight of the starting pol yal kene;
A l. is the fraction of acyl group-containing conposition in the
reacti on product (the renmai nder being unreacted pol yal kene and
saturates, unreacted acylating agent and diluent); and MNVis the

nol ecul ar wei ght of the acyl group (e.g.5598 for maleic anhydride). A
reaction 5 praogshd. chr@'@hﬂs@ﬂbﬂb@ﬁ@leﬁﬁhoﬁ&meﬁaﬁd coudnon®fs 19018&) fa@nd

mal ei ¢ anhydride in the presence of chlorine (PIBSA) having a

functional ity S¥amplegpropylene, bufcre- b hexgnerli pstense b, drmsthivipatenst 1, dessne-155.
In contrast, Sjiabefe- 'iet?iﬁédeﬁ@1%Qﬁé@énehagéxﬂﬁie@enfel’i”ﬁé:éa@&%hé-‘l )/hegfadécei'z@’l
wi |l have a saponification nunber of ab 48, and such a ction
product havi nepctadeasned i eamaddcene- bfand méxtuies thereat €., mixpues dfipsenyiens and

nunber of abo t al I

oo vi g 1 1 AEIBONES, LAORLRUK AN P PRI ottt
about 20 to 3(burank-1 Hadopblymessyhyleddiprepylemctopsl@mps, etﬁﬁmevlbmmemene
and vinyl doubl e bonds readi | d chl orjine under th
cont enpl at ed rBREYMEH aegﬁﬁqﬁ‘%‘ﬁ%ere“rﬂé R?gi‘i%ﬂf CeriMEs g epstIomA te‘H‘BH‘H agd/or
bonds do not rig@gial Mlsﬁt%?aﬁbn \Apltehmteh ol HeR drd ensHERdd ?Sl?nﬂé%%ﬁ'teﬂﬁ}fbne and
conditions. About 80 to nol . 56f the tri- and ra-substituted
unsat ur at ed erfdoRylesgpad ?féhlétlc wdth‘#tﬁ@h'llo rThe @nterpelymgrsoh dhisiaventiondzayi on
process to,pr r chl..
Dol v Sobut e SR T oL ds, 0463 mdlt o SFCE. S &, bR e dicletn
can be found monbhengro Hovererait i pefetredthst ﬂlﬂpvﬁﬂmeis of es mstrdion compnse

anhydride addition fail 0o_elim nat r t he reactl
o cets s mal i AeEe i b el ferbo SR el sl Spdrias "
NDNO- succi nat apkef@lyxidRs of cthyfldnk ahd ﬁlbh@b[@ﬂﬁjcorﬁ&{dnft‘fﬁdl"ﬁé}fnolar ethylene content
bi s-succi nation/chlorination on newy forned double bonds resul ti 2/9
o,

from HCL el i i Rolymesheraplayad inhis wavrmg iy RRETARDNE theaangeofA0/tg 8P ¢
chlorine fyom [ )\ b

W th ohlor e b B e e e T PR
doubl e bonds |cgnmn@nuwédvmhmﬂwh@ertb@@thrlpmgcqntemymfwduccwnbmmmmmst
anhydri de (PIB r ° ct 1,0 |on a

Sccom | shed. BYCHARSRRIH s and o3 o M IRAGSRINED GORRP oty mo e
unsat ur at ed pgirgsahtkene to about 1 to 8 Wm. % preferably 3to7 w. %

chlorine, or brom ne, based on t e wei of aI ne, passin
the chlorine or br%ﬁf’sﬁé’o EEUgRY %%re%g‘{;@f ﬁﬁ@rﬁ%’?‘ﬁ?’ﬂ?@“ﬁf‘%o
to 250C, pjef eﬁ@{%eé ot 2Phi-0lcBR hRAEmeR; & mixkel cbﬁlpillélﬁ thiRhe AROH el e

to 10, preferably 1 to 7 hours. In accordance with the present
i nvention, théshaCenpdrharadeflinyapramaran dheiseserisor @)catelysksysiommompaiaing ble

react ed, i n t
nonounsat ur at 2% féergeg]t%;%& c%ﬁéap(ggl qu@g%egc?\mehﬁf%&r%{t#ghgw com%(fund ar{ o the
backbone, e.g alummmuen scanpmmdewsmgrtkbmmpbese, apeioham whizh 94 % enperal thee

of from about 250C su f.rom. about 180C to -9.250C
preferably frcPr?P a“lsél?&"efsote%‘gé eﬂ%?ﬁ‘&h‘%’BF'%g’et“P urgifonGan be PRpVided The,
hours (e. gs, ?peicﬁntagé\ﬁqfoﬁf)’ner @haib ¥xhibitidpaepiigd dgtn0idedd MRetuEO0h alah be

t he desired nunber of mol es of the _nonounsat ur at ed gar boxyl iC

reactant per f6icENHFd Bal SetpatErscopic RIS, tigtioar ¢dy nigapplymers of
pref erably, p%l%’i’altt%xetgﬁ% ﬁlg{ijgée glfa a%lte‘?fzbﬂggthe %ﬂx%ﬁrﬁﬁﬁ#" C[‘i'ﬁ?)dcﬁgaﬁﬁé?% Wik

react ant can be m xe presence o

conpound, whi I tb cgﬁran@mgiraerab@rl@gew kv, hére phFérabRICs fid 8} alkf aldasd:
one netal salt is introduced into the reaction m xture prior to

conpl etion of me@rahlmfbg‘éﬁz alkyl, G ansthyl of edRb RS whersia Pr@a\éfqp&sentgt}@h

as prior tg a 1
greater t h%n %b%ngeégﬂ /o pr e e{ngglfg?{ %ﬁtgggegk a% ablout 7%@prrass g}?ﬁs uch
as greater thanmbforhd(siedectdd fommean fhegobmehizgtionb dumi@b amess ofghe pblytdze

pol yal kene hag beet, [ LG LONR het:, MO Gt SLELARMY o BEL YRR CHS b

a portion of the polymers can contain internal monounsaturation, e.g. POLY-



Met al compounds useful in the practice of the present invention
include netal chlorides, netal oxides, netal al koxides and net al

al kyl carboxyl ates. Preferable netal conpounds are netal conpounds
that are soluble in the pol yal kene, such as 25netal al koxi des and
nmet al al kyl carboxyl ates. Exanples of useful netal conpounds include
Fe( neodecanoatg)2; ! oxnde: N:(11) 2-ethyl hexanpate; 1)

2- et hyl hexanoa(?%; Ié@?l)’o"lﬁljé%ﬁlgg gsnagflde e(j I%méﬁ' ?g]re %eotﬁy 1{15]8: unsatur%je%

bi s( cycl opent ddiemoimets meg beypregaréd by knoGu(rhetalheaieathemiskg aflh inay alde be

FeCl13); Cr(l1)-2-ethyl he 0 s Mn(ll)-2- I at e;

c(:hl or | ée (A(lcf%SHa’eilas %ﬁcﬂggéllzﬁ}-go" ag@éflg%-g;@%%ﬁé:ﬁ@gﬁg §,$@5(,§{75 2

- et hyl oxi de argB19(v18c&02 9 aRa 8fosnoegl are pol yal kenesol ubl e conpounds
of Fe, Cu, and Co, nost preferabl t he metal conpounds are

pol yal kene-3sol ubl e Am@th@b\%s% Rlgss ofgﬁbkyﬁiea%inﬂédmmnbfm&mrmar@ém qatipnic
neo- decanoat e, oﬁﬁ(elrigét}on?of %Bﬁ(ttené:' gﬁ)@eﬂg,aatng thé:ﬁﬁ((al blo)nn?o(ﬁﬁlto}/)Jmﬁ@g ﬁ“{n‘a QI%E Ctass
a ] pa t1cul ar Yy

Fe(ll) stear atpe, nd Fe(l'll) 2, ent anedi onat e,
Fe(111) neo- dendwdsgiolyisobuteddd obtained by Pobymeeit@lonod Cp cafindey sream hddeglai n

amounts introdugcing f bout. 0. 01 tq,about 5.0 such, a om
about 0.1 to }H%Bf 9%*’.‘%’?% °“§%5e¥’e388‘85§ o288 ar Eﬁ’g%e?eocoﬁﬁfiﬁ(fff"%?ﬁ 30
ppm such as fi6 aouabetby Ovt2ir the plesetice 3f DL HPFwEA cahigpBEpds dhidbmi Nt 0
t he pol yal kene., I ntyoducti on_of, the noted snmall amount of netal
conpound iYto t’i‘ﬂ’é"@{eé’ég?’i% Ariflswide, Adrtietizd soutcr of pongmederdakiag pelyinor
to substanti alpufeHRGE haRAdn? Rkl Seals shdteasPQITBkdE N Phest Feel stocks are

hal ogen- assi sted reacti on of polyal kene and ol efinic, nonounsaturated

mono- or di cardissleyed ip thecartisuch phipdy. S dRatent Nes4.852,739s Rotydsobntylene is a most
efficient, co (eh i.ne) f.rom .
pol yal kene ba &%f%\ég%ggﬁb%% ggils 38%8 32(2%[2@03 b%ﬁ%)ug% fttlsiJ%e%%[ycaé? %%%/W Gationic
aci d, anhydri delyoreriestioarfronc ilteei sogarag@pt, si1sih@ €1 ngtalyist).n$ukd r esi dual
hal ogen levels. In the presence of the netal, the hal ogen |level is
reduced wi Bhowelyisabutylenes geperalloenyiaieresidua vnsatyrationdyemounts pHaiiontone
which, in ac i i : for rqus hours at
hi gh t enperat S{rhé'ﬁ:g%c dépﬁilgrbg}é)%getqit%pglae (r:r}e%ﬁrpgﬁﬁtﬁﬁg aﬁﬁ?%ﬁg@bnt ai ni ng
pol yal kene. Ther ef Bolgisolhtigemsml nérs,meheoermiployed, @ascgenenlly saseédniced, as
is the level of ,sedinent.in the product, which is a, hy-product of

151 engt hy i o rRTRITHGTAnS TAY DY & BURDS aviradh g erig ot P it T oy
post - t r eat NENHOPECHEHT, TP, MNEthéRIBGhAE S5t iihalyIGR I8 Wi PknoWHLh as
heat - soaki ng. The process of the present invention further requires a

far smal | & anmpunt Pesferipdolgfinicanpnsunspturgedrepetents used del finetiomliznthhal ogen
content conpa = ;B%d[ﬁ y@' | ' 2: 0.,
10 ppmto 2. 55%2155(&;%2&3%%%%%%% .S, Pa é‘ﬂtﬂc kﬁ%@mﬁ%?%ﬁd, Such
| arge 20 anoupthydofle, vetcd egarmaendrindudisg (ipmdapokatamted £ate Gy of t he
pol yal kene backbene... Th ref.erred | yal kene reactang. i

pol yi sobut yI eﬁg,ar A aﬁﬁe‘?@f%ﬁI(a))%beo(lpa%%g]tﬁﬁ?gﬂsgﬁeVIflﬁﬁBgl'ehi‘i’ﬂaﬁﬁ g
nunber aver agedja@hecuibaratons)ahd () dDlkadbnd) QR férabl3 86@, ofsdidhdpserk 2880k O
3000. Furt herggr ef erred as ,t he pol ¥al kene reactant |s palyl sobutyl ene

having M 2f 3GESEE PRFRS Spif mong uasAtyrationy Gidgr wsies of(Hgushosanbgirides or

preferred is poly/tsaRioyi&ned kbW dMiteRf or 99 %ii
1500 to 3000) ,@(Pan greater than abou?égtg%%f%%ﬁlgq%%gg%ﬁé‘g tgcig{gg%%r

t han about 80%enegarboxghieiaciéwhereimibrsearbantcachonrionbla bondsid cenjugatedowitts the

Preferably, t e | Lyed~Lrowp a .pet r.ol.eum d _stream
cont ai ni ng frgaﬁﬁnb%}ég%hﬁ’g%t’gkgﬁgﬁp&% (r:rags 2 Pr e?‘@rdgg?a W?sr%nﬁﬁﬁg asef\g
to about 60 nsS;s #gohrbdezived eors-atyldiestersaf(idipoMixt@@s bOmakmtatebtedBSS %
of 30 isqhuten ased o he. t at al ss qf olefin, The preferred
olefinic Sr@noﬁﬂg‘?ﬁyﬁF giagealaﬁéﬁof“’ %S PEQE?) j Ppon, peagfton it F;ﬁéfékbﬁ?es the
ester is mal ehﬁn@ﬂﬁ%ﬂfaﬁ@&oﬁﬁ(@\honﬁlr@ﬁtﬁfaﬁé@cﬂqbokﬁfﬁ: B BecdohiBs Hiated.

charged for reaction at a MV PIB nolar ratio of from about
Thus, for example, maleic anhydride becomes backbone-substituted succinic

anhydride, and acrylic acid becomes backbone-substituted propionic acid. Exemplary



to about 2.5. The nmethod of the present invention allows for the use
of higher Cl12/PIB ratios than conventional nethods; in conventional
nmet hods the use of such to high ratios is not possible due to the

hi gher residual chlorine content of the resulting products. The
reduction in the amount of sedinent in prioducts forned by the present
met hod i s espefswhlojefmpy atoacinsaeredichd oG/ rBAcBintsedre funBiciatidl #asmd acid,

Preferably from abouyt 8 t.o % Q taI sg of
Chrort ne Vs | HASR S ISE aTpREte SRlo e S oo Gh BrosRticip gufarde, acryti
Preferably, thgid! Qemeiliddcid, cfotdnid Sff cibastHiciabd, llowerdkyl @dg.a0dto C,

i ntroducti on of chlorine begl ns at a terrperature of from about from

about 100C t o akybasideye of i faregpiag < ggnsthylmagleais sthyl fpooeate. gnd psthyl

oref er abl y ot r e, 1REBEHR Mool ahbid BohQ Ao gL
| east about 7@nimgisidedypisaliyhwitdeated ipas tmeilno vdngittg feas sbddt 061 td dbeut 20

chlorine is ad be or tion te 20, reaches 1
Preferably, e-%f(c, ¢ at?ﬁ" %E%ﬂifg\"g )‘é%ﬂ%ﬁ?g@?)eow?lglﬁé’fgﬁléiﬁ?ﬁeée%dr i de
(PI'BSA) havi ng a fcrn@p¢19ﬂaéﬂetnYanye ﬁlﬁdﬁehﬂiawmtﬁ c&bbgylidheidtprddudin
preferably from about Fig t 0, about 6. Preferably, the poI yal Eene
and ol ef i ni ¢ HEHSIEHEAER {Yeaaldrﬁﬂahyd@fde)ohy reacting the-fofygikpne Bndgk pepditions

anhydri de @r gk ﬁersulkﬁlﬁl@a@éﬁ& afrhlﬁcfﬁ@naimaﬁw nRPSENEE a8, anhydride or
pol yal kene25 insol ubl e el emental netal and neta conpounds (anount's

i ntroduci ng | ester mpigtiesh opiptheafolysilksne chaats, mnally phtlies ohwrpotpaptbene) .
Al t hough the pro 0

m ni m zi ng halugsaeur{acoﬁ(falss e?elpﬁrdqﬁgpéth fﬁ%égg;sélggn?hgsﬁﬁg %l ha{f é)gh%l%gen

| evel at whi crassﬁmddﬂuacttloamhzafmﬁ hecgss,anl tetpraathe @f a pdihlkenssohible iron salt.

sedi nment - r educi ng ? ent s ecorres u ece?l 31 %/ t he gl oduct may be
treated with a sedfRSATCTIQHIFEFIHIG PRGEHTICIIFI] Borevi HH%E‘P“? Hat is

subst anti alsl y dica@Rx@ic a%ﬁﬂérfﬁﬁﬂffdr(dle %%&téraa@th@ PparhBS s oP/aerﬂa@Je@ 1R Sich
bel ow 0.03 nass % such as fromO 5 mass % sedi nent

Sedi nent r eduépmgma@éme@sff@is‘t‘blﬁl[és fP@ItenH%IQS |3r9@I749&@ 3172.8981 1B %7%% r ong
organi c aci ds b 1

sulgf oni ¢ aci ds’ ﬁi%? 3?,)[9}2)/74?11%%‘?50%5{4 k?gﬁ&%gg;ﬂﬁo?gér g’%?ﬁ%s‘}tl??ﬂz{%ﬂ

sul foni c aci d4ild03a% ft,IBalt::lBﬁsamltGB-e\astM(BDlmsS I%tenbNobi 234,48 5rdepeibat a

oil at 20C. The oca byl sul.fonic¢. aci.d be nat | or .

aynt het o sul PENFE Tcratornbine n st Bedian ey e pulpdinelihendppostoned
sul foni c 30i dcadbxyickyylatnd dpeni willaaid] of bvedpephtiédsy .3 SatbbBic graph Per
wherein the hydr ocar byl substi tuent (i et rol eum 5al kyl I i near

and/ or br anch@¥chle Pesquss fhe catbraylis gro‘@néuqcﬁenqlv%)thq mplasile rreidesia
sol ubi 111y Oche APkHHeProABRAGARY 1@ CkplamA AR R SLRRN Burh! Gt piducs

| ubricating ol basestocks wth concentrated fum ng sul ic acid
The hydr ocar byan kadeserihed @nhavirtg a Hanaiondloni ef aateati I¢anlhealegrge f

hyd b
bromo) - | ower TeRBEAIR A8 8 Sxletsbd v ERbA T ieet By By e SikcBlialfn
imno (- :\llilzs 1h)11émbéﬂ"i&dllolbz(teﬁﬁé miléipems I’c)]f' Kéﬁfm:redeéd—t?c%)mptetedbwaﬂeﬂf)tmgéanfl of
1 ar pno CaraC er .o e Sups ue I.S retal n or
The  pur posss SPIAKEL TTUENER SroSUHE Acdeling 2HER. Rotfrotal Sui e apte e

present, they (tdctig BLAPAdIY o BBYRRIG Mith ARl Dadetd foraDPkbtalléh BRI Rt 6t
of the total wei ght of the atoms_in _the hydrocarbyl substituent.

15The preferr & aqgﬂdwawénéw esteh sPynctienddity &) mek be 9xpresamacwélr\@rt@ﬂ@r red
sulfonic aci ¢si Rk Efdl ngly al karyl sulfonic acids. Al karyl

sul foni c acids can tai ned by sul fonating al kyl substituted
aronmati c regdrocar bons such—dSAPdeﬂe)/(()tifZaZOﬁadﬁ\T)O@AHveMW)act| onation

of petroleumb dlS ion and/or extrac e alk i,on
of aromati o hyUFBEEBbHare SRR brGRapeE e Be auBbe Al epge of KO
al kyl ating be '861%ﬂﬁled 11Pthe 6RpleR RedivdlRAN TARHCRBIEIR in SR RInRITERACy]

group-containing reaction product, as determined according to ASTM D94); M is




25 to 40, and nore preferably from28 to 36 total carbon atons. The
aryl noiety can be derived fromany aromatic hydrocarbon such as
benzene, napht hal ene, anthracene, biphenyl, and the |ike, but is
preferably derived from benzene or napht hal ene, and i s nost
preferably derived frombenzene. The pref®rred al kyl benzenesul fonic
aci ds typi cal |the wnheapyerageoneleculay Wﬁ(ghtpftbf: etmaimgjwl‘ya&nmel& It & 1B fraation ef

Slbst tuent  (aBviafpirPecititlnd 0 ftosfih e Rl frladeb i ficiinger veing
preferred is am_raatﬂﬂ;? balb(elﬁexbandemwb ftmrdactedact)dlathg\agag and 8itueaf); sndviw

475 to 600 d k t |
gr oupg cont :inﬁ%%’g %%'%g&él% ofjthe ‘?%’k E"P%U%h G ic a"ﬁY@Egife) ?ea%tlo
The al kyl atsed h@ineetHoli@Buierll (VK 6PRN5NA. Itchr@ s%?lsﬁoqgm&caaﬁhfhrfdé inthe

obt ai ned by known al kyl ation rocesses . enzene can

reacted with a)r@amqeaﬁpbloan« Sé}h&mggicfnmﬂomhtpofyﬁéml! haveashpdnifidatien
presence of b f ﬁq@n ./ ted b nes
whi ch are pre?ﬁe'lra ﬁtgfla%ﬁ{lgg grgc? &CBEgeﬁé%?oa Ilg}%(ﬁwg?%)tn}?% %mcminiale f
acid are nonyllbk&mﬁrimye mlsn;bemﬁlcdumnmmbcr ofakyutaBkandatietda ﬁeaﬂ:am@@ducand

benzenes al kyl,at.ed th suitabl anched C ol yner s of to 70

carbon atons CBYRE ﬁ\é‘mﬂ" flp?ﬂiﬂ%‘?}glpéﬁg hayg A sppom %Eﬁ?;‘?r@ﬂ@)*/ Oﬁ? héjSZs

thereof orjthe Ii ke:on%nﬁfa@au@blyisobmeﬂd ha@@ba@de@yknc@r%aidyhaéneocﬁ 2t %

equivalents in a mxture of alkyls is enp 2)[611 é|n t he preparation of
A4

the sul fonic &é&vh.6315me. W&rsabﬁwﬁyd anglmbgiftu Qmol| % éﬁrﬁqacsuh%maed end

d tiial
the for mati on TPy eaeany Kot 854 bAUERNL Bohy® o SUBAAN,dof chibrih Phliet 0
condi tions. Weenrtemplottd redetomenmditions f Theaifydidene adivinyd dpdbde/eehds do héte

present inventi t a n e.of from abput to 1,0
mass % prefera "@ﬂy“‘é“ﬁ‘é@@ Giﬂénﬂ%g% Bf%gg tl%hcc‘flﬂglof'%t’gtf "\5\/89 &1%018 L%
t he pol yal ﬂﬁen@f&i&dn—téiﬂtéiﬁdsubﬁlitbﬁ&)dhmmrit&ﬂﬁidagilb@s rda0t RitRvhieeneduring the
di spersant sui tlag_l e .for use in fuel Sﬁtf %ﬁl ubri cants, the polyal kene-
substituted cAFAEEFHNPIALEST IRTORCE BRIty S E“H’é@&t‘?rﬁ’éﬁla?@l%matﬁﬁy t hen

be further depbMabiwets. Mddrefull$iGhRBRNNMdrafi &2 edsfithl chfd#nl cASbdund on
am ne, am no-al cohol, alcohol, netal conpound, or mXxture thereof, to

forma corres M)ﬁ@ﬂ@ébﬁﬁiwﬁlﬁ Vewhick g maleiganhyiride additipn faitiso ebminate the
der i vat i zi N9 piaghi ORGL 26 RPLUIRAS SIIL S Bl b LIBIATMG AN
can conprise one or nore a ona am ne reactive of
groups. Thmese nmmbneemrimd pmdyxﬁ@rdsr ﬁmsaustin@thedafnllnezsd by bﬂa;)&cdmmuonfchlormanon

predom nantly h r byl f.nes mi’l;(\/n drocarb gr ou

i ncl udes ot heP® é E’ﬁam%/\j ChoBIsIEH néﬁf}%}ﬁbg%lgﬁ : ?}""g‘?’h de
groups, nitrilh@fng fdmaqiﬂzgnlabn@aimleumnn@ﬁ&nrtﬁb&n?/&uﬁlsls@mnl?&raduslél bRhAYY
useful am ne conpounds incl ude nono- and pol yam nes, e.g., polyal kene
and pol yoxyal Kynepelymel yiktiHednegn ﬂe@d@alfbozestaa seme pelimeneonpining wgeacted
(e.g., 3 to 2QhhobdHds $ALARMh {5l 0
12, and preferalﬁ) ly 3 tso 9 nltrogg!rire%?o er%ltre?ecuf'ﬂﬁ%alels1 tu g fqt)
am ne conpéungwduety advant ageousl y be used, such as those prepared by
reaction of al kyle a. Pr ef rred anj nes. are
al i phatic saturat eg‘?%?ﬁo?\%ganon c@Pua Cﬁmpﬁ%red@gﬂ%?eéla 148 58> cmormatmg of
di am noet hane broigatitigahd mepuepai@lyalkede tdnaami:trlqblstxan% Freferably 3to 7wt %
1, 6- di am nohexane; poLlyet,h enﬁ Eﬂﬁnes Su i et hy ene trjam ne;
triethyl ene t&LPHRH» ABPTO BERPT Bigevels tﬁ? o Regsingthe chlorine or
pol ypropyl ene@fﬁnﬂﬁ&ths&fgh tl@eaolyaﬂ{eﬂé mﬁﬁaaﬂteadpm% 2@0@@5 ﬁfefe&éb 110‘[0

propyl ene) triam ne. her useful am ne conpounds I nclu

ali cycl i c 38i ardhés egud RO ts14D°Q, foraborrd- Himid nsﬂfe)raldyélt@ﬁést‘aﬁelnemdordance
heterocyclic Wlﬁﬁﬁ&ﬂft@ﬁﬁfﬁ{p&{fﬁg Sthéﬂzﬁ%eﬁﬁgcg bg&:ﬂg@n% ébeﬂ:%ﬁor%ﬁ] ﬂnus formed can be

al kyl am ne- substit riazines
t ri hexanet hyl enedd dnilreprésehazoftie: rhdiAlHVth asffidiestanotmdsaturated actRtcapdble
of adding functional moieties to the backbone, e.g., monounsaturated carboxylic

reactant, at a temperature of from about 100 to 250°C, such as from about 180°C to



conb-structured am nes nay al so be used. Simlarly, one may use
condensed am' nes, as described in U S. Patent No. 5,053,152 or "heavy
pol yam nes", as described, for exanple, in any one of U S. Patent
Nos. 5, 565, 128 5, 756, 431; 5,792,730; or 5 854, 186. The

pol yol ef i n-substituted carboxylic acylatith 8 ent can be reacted with
15 the ani ne é’é%mmﬁerablm@nt@wtemoi’éﬁmwf ifefLeeiéme ef zhowed.5 bet) hduoy
exanple, in U |

EP- A- 208, 560. @ﬁ'é pof‘y*% r%ﬁ%qngﬂééfp!ﬁ?t caer%t%%?} “|9 ?geadcey e%’ﬂzﬂbefigfexhn@es
may al so be deftheandémgnsaniratbd tarblexyliy reactantpermds of balbgcamtedrbadtbpderl c

and naphtbol s, Pr oPurrRi Ghe Rt Rab e SO B R BEed

gl ycol s i n swhicgfbokylR réddsitk edtebe raite€ &ld el i RS plekdnidt 3f the nfbtdl 36BHduNd,
atons. O her useful polyhxdrl c al cohol s include glycerol, npono-oleate

of glycerol, MBngRtEnsinghelpeg iplodhoiiot magsrighettgast @t%?ta]cﬁﬂhgq predusped
pent aer yt hr i t ghyo gl r@zﬁ:ﬁbﬁﬁﬁ%ﬁfy&iﬁoﬁ) ocoﬁﬁ‘ﬂetlﬁh BF e ﬁ§logéhe{s§8 edft’\ﬁhcﬁﬁﬁ ation
di spersant may al so be derived fro unsaturated a suc

al 'yl al cohol reactlmnamh asgriontec tlmpatoﬁmlweatqltmwbut S’Jimass %, such as
25cycl ohexane- 3- =Y

al cohol s capaﬁ eea%r a@:% §|n9 Sg/‘” gﬁﬁﬁ?%@@grgﬁ?{% ,?E‘E %ﬁ%r I ’séwh as greater than
et her - al calnol $0 niass:?/d,xdmfagpreﬁeyabal dbyahtenenmda oRihapylyaiene K3 ®dben

et her-al cohol 5, are exeppl,ified b et her - ohol s having up . to

oxyal kyl ene r AtHcHS? % arePreffe ]é'b\i‘ﬁl‘r@f'?i "ﬁ%‘éﬂ%@ﬁ“% F iocthe }nbtf‘ﬂt‘?nt’g
8 carbon at ongpe faﬂﬁloﬁﬁ'iz%ﬁordfeﬁﬂﬁfns Ws@ preRYabBe e m &RlcBmDotid 18 HRRkNEQ
acids or acid-esters, i.e., partially 30 esterified succi ni ¢ aci ds,
as wel | as paintp #ielrgaceign mixtatecaneysleytiyidh the palyalkensi (6. gois prharistdwith the . |
esters having B@g&e@gcohol or phenolic hydroxyl radicals. An ester

di sper sant nml/) e prépared by any one of several known nethods as
descri bed,15f or exah@taépompouudSuseﬁdﬁleﬂue pidoticenABEIpre2At inventibh irclude
Parti cul arI y preferred.ashl ess san e.th derived,_forom
ol yi sobut ! engnugibef bt Afesin M RRIARF I utigubr 48 B hpbRzy

reacted with m@]E‘MﬁhPQMf)?ﬂeomIﬂnn&’&), n@olﬂ)dcmﬁ@tMSI Prmhgdr@sed@wm i@@h(Fe), cobalt
tetraet hyl ene ﬁent a pol yoxyal kyl ene pol yam ne,

pol yoxypr opy! &r@ ’éFF P@P&P platinum Foeenrsn u)azm@n?wyumnum
conpound, e.g I
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17- 0 5 (Nbaction concurrent with the polyalkene, or prior to substantial functionalization of the
polyalkene, in a halogen-assisted reaction of polyalkene and olefinic,
monounsaturated mono- or dicarboxylic acid, anhydride or ester results in the
efficient, controlled release of balogen (chlorine) from the polyalkene backbone to
provide polyalkene substituted carboxylic acid, anhydride or ester acylating agents

10 having minimized residual halogen levels. In the presence of the metal, the halogen
level is reduced without the need for long periods of nitrogen stripping, which, in a
conventional process, is conducted for numerous hours at high temperature or other
post-treatment of the halogen-containing polyalkene. Therefore, the cycle time of the
reaction is reduced, as is the level of sediment in the product, which is a by-product of

15 lengthy high temperature nitrogen stripping processes and certain post-treatment
procedures for reducing residual chlorine, such as heat-soaking. The process of the
present invention further requires a far smaller amount of metal compound to effect a
reduction in halogen content compared to post-treatment methods using Lewis acids
(e.g., 10 ppm to 2.5 mass%, as described in U.S. Patent No. 5,489,390). Such large

20 amounts of metal can contribute to depolymerization of the polyélkene backbone,

The preferred polyalkene reactant is polyisobutylene, more preferably
polyisobutylene (PIB) having a number average molecular weight (M) of 900 to
3000, such as 1500 to 3000. Further preferred as the polyalkene reactant is
polyisobutylene having Mx of 900 to 3000 (preferably 1500 to 3000) and more

25  preferred is polyisobutylene having Ma of 900 to 3000 (preferably 1500 to 3000), and
greater than about 60%, more preferably greater than about 80%, tri- and tetra-
substituted unsaturated end groups. Preferably, the polyalkene is derived from a C,
petroleum feed stream containing from about 10 to about 75 mass%, preferably from
about 15 to about 60 mass %, more preferably from about 20 to about 55 mass % of

30  isobutene, based on the total mass of olefin. The preferred olefinic monounsaturated
mono- or dicarboxylic acid, anhydride or ester is maleic anhydride (MA). Preferably,
the MA and PIB are charged for reaction at a MA/PIB molar ratio of from about 0.9
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to about 2.5, preferably from about 1.0 to about 2.0, more preferably from about 1.1

to about 1.8.

Preferably, the MA and PIB are reacted together (soak/strip) for from about 1
to about 15 hours, at a temperature of from about 100°C to about 240°C, preferably
from about 180°C to about 240°C. Preferably, the halogen is chlorine and the
chlorine is introduced in an amount providing a CL,/PIB molar ratio of from about 1.2
to about 3.5, preferably from about 1.4 to about 3.0, more preferably from about 1.6
to about 2.5. The method of the present invention allows for the use of higher
CI2/PIB ratios than conventional methods; in conventional methods the use of such
high ratios is not possible due to the higher residual chlorine content of the resulting
products. The reduction in the amount of sediment in products formed by the present
method is especially apparent when the CL/PIB ratio is increased.

Preferably from about 8 to about 35 mass % of the total mass of chlorine is
introduced into the reaction mixture per hour. Preferably, the temperature is raised
during the reaction and introduction of chiorine begins at a temperature of from about
from about 100°C to about 170°C, more preferably from about 120°C to about 150°C,
and ends at a temperature of from about 180 to 250°C, more preferably from about
180°C to about 230°C (e.g., 220°C). Preferably, at least about 70 mass %, such as at
least about 75 mass %, of the chlorine is added before the reaction temperature
reaches 180°C. Preferably, the reaction product is polyisobutene succinic anhydride
(PIBSA) having a functionality of from about 1.2 to about 1.7, preferably from about
1.3 to about [.6.

Preferably, the polyalkene and olefinic monounsaturated mono- or di-
carboxylic acid, anhydride or ester is reacted in the substantia] absence of polyalkene-
insoluble clemental metal and metal compounds (amounts introducing less than 5
ppm of elemental metal into the polyalkene).

Although the process of the present invention, in addition to minimizing
halogen content, also minimizes sediment formation to a level at which filtration of
the product and/or addition of sediment-reducing agents becomes unnecessary, the
product may be treated with a sediment reducing agent to provide a product that is
substantially free of sediment (less than 0.08 mass %, preferably below 0.03 mass %,
such as from 0.01 to 0.03 mass % sediment).

Sediment reducing agents suitable for use include oil soluble strong organic

acids, preferably oil soluble hydrocarbyl substituted sulfonic acids. An "oil soluble”
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hydrocarbyl-substituted sulfonic acid is one that is at least 50 mass % soluble in

mineral oil at 20°C. The hydrocarby! sulfonic acid may be a natural or synthetic
sulfonic acid, such as a mahogany or petroleum alkyl sulfonic acid, an alky! sulfonic
acid or an alkary] sulfonic acid, wherein the hydrocarbyl substituent (i.e., petroleum
alkyl, linear and/or branched chain alkyl, alkaryl, and the like) imparts the oil
solubility. Oil-soluble mahogany acids may be obtained by treating lubricating oil
basestocks with concentrated or fuming sulfuric acid.

The hydrocarbyl substituent of the sulfonic acid can contain non-hydrocarbon
groups such as nitro, amino, halo (e.g., chloro or bromo), lower alkoxyl, lower alkyl
mercapto, oxo (=0), thio (=8), imino (-NH-), ether (-O-), and thioether (-S-), provided
the essentially hydrocarbon character of the substituent is retained for the purposes of
this invention. When such non-hydrocarbon groups are present, they will generally
represent no more than about 10 mass % of the total weight of the atoms in the
hydrocarbyl substituent.

The preferred hydrocarbyl substituent is alkaryl, and the preferred suifonic
acids are accordingly alkaryl sulfonic acids. Alkaryl sulfonic acids can be obtained
by 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
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
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.

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.
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The alkylated benzene used for preparing the sulfonic acid is obtained by

known alkylation processes; e.g., the benzene can be reacted with a suitable alkene or

oligomer or polymer thereof in the presence of boron trifluoride. Among the Coto
Cr0 alkylated benzenes which are preferably employed in the preparation of the

sulfonic acid are nonylbenzene, dodecylbenzene, waxy alkylated benzenes, and
benzenes alkylated with suitable branched chain polymers of up to 70 carbon atoms
obtained from propene, butene, amylene or mixtures thereof or the like. Preferably,
nonyl or dodecyl or either of their equivalents in a mixture of alkyls is employed in
the preparation of the sulfonic acid.

The hydrocarbyl-substituted sulfonic acid is used in an amount effective for
preventing or substantially reducing the formation of sediments for the selected
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 mass %,
preferably 0.15 to 0.5 mass % based on the total weight of the polyalkene and the
dicarboxylic reactants.

To provide a dispersant suitable for use in fuels and lubricants, the polyalkene-
substituted carboxylic acylating agent, as described supra, may then be further
derivatized with a nucleophilic reactant, such as an amine, amino-alcchol, alcohol,
metal compound, or mixture thereof, to form a corresponding derivative. Useful
amine compounds for derivatizing functionalized polymers comprise at least one
amine and can comprise one or more additional amine or other reactive or polar
groups. These amines may be hydrocarbyl amines or may be predominantly
hydrocarbyl amines in which the hydrocarbyl group includes other groups, e.g.,
hydroxyl groups, alkoxyl groups, amide groups, nitriles, imidazoline groups, and the
like. Particularly useful amine compounds include mono- and polyamines, e.g.,
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
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




5500 850.0 |

57Z-OPl1 2@25 | szz@A 5'8 1'95 15r0 ACT - SOA

05'0 550' 0 SSW) SQZ-017T 2(a_.,)225 2(cp,225 501 | L75 901'0

10

15

20

25

30

-14-
pentamine and polypropyleneamines such as 1,2-propylene diamine; and di-(1,2-

propylene)triamine.

Other useful amine compounds include: alicyclic diamines such as 1,4-
di(aminomethyl) cyclohexane and heterocyclic nitrogen compounds such as
tmidazolines and alkylamine-substituted triazines, such as 2, 4, 6-
trihexamethylenediamine triazine (TAHM) as described in U.S. Patent No. 6,284,717.
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 methane (THAM) as described in U.S. Patent Nos.
4,102,798, 4,113,639; 4,116,876: and UK 989,409. Dendrimers, star-like amines, and
comb-structured amines may also be used. Similarly, one may use condensed amines,
as described in U.S. Patent No. 5,053,152 or “heavy polyamines”, as described, for
example, in any one of U.S. Patent Nos. 5,565,128, 5,756,431; 5,792,730; or
5,854,186. The polyolefin-substituted carboxylic acylating agent can be reacted with
the amine compound using conventional techniques as described, for example, in U.S.
Patent Nos. 4,234,435 and 5,229,022, as well as in EP-A-208,560.

The polyalkene-substituted carboxylic acylating agent may also be derivatized
with hydroxyl compounds such as monohydric and polyhydric alcohols, or with
aromatic compounds such as phenols and naphthols. Preferred polyhydric alcohols
include alkylene glycols in which the alkylene radical contains from 2 to 8 carbon
atoms, Other useful polyhydric alcohols include glycerol, mono-oleate of glycerol,
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. $till other classes of alcohols capable of
yielding ashless dispersants comprise ether-aleohols, including oxy-alkylene and oxy-
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
be prepared by any one of several known methods as described, for example, in U.S.
Patent No. 3.381,022.




15

20

25

30

i | T
ccn.n CCD n - etwnt r Cr7a7 z(tz) cll. i r CClrn
Mnmeo 1 inventive/ Conparative re opeens Added taw

UMD) la gc Ratio (mMm ft/Mrn...--- -azil 1.1-

U 2noonon lime (hrs)
-15-

Particularly preferred ashless dispersants are those derived from
polyisobutylene substituted with succinic anhydride groups and reacted with
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
combination of (A) polyisobutylene substituted with succinic anhydride groups and
reacted with (B) a hydroxy compound, e.g., pentaerythritol; (C) a polyoxyalkylene
polyaniine, e.g., polyoxypropylene diamine, or (D) a polyalkylene diamine, e.g.,
polyethylene diamine and tetraethylene pentamine using about 0.3 to about 2 moles of
(B), (C) and/or (D) per mole of (A). Another preferred dispersant combination
comprises a combination of (A) polyisobutenyl succinic anhydride with B)a
polyalkylene polyamine, e.g., tetraethylene pentamine, and (C) a polyhydric alcohol
or polyhydroxy-substituted aliphatic primary amine, e.g., pentaerythritol or
trismethylolaminomethane, as described in U.S. Patent No. 3,632,511.

Such ashless dispersants can be further post treated by a variety of
conventional post treatments such as boration, as generally taught in U.S. Patent Nos,
3,087,936 and 3,254,025. Boration of the dispersant is readily accomplished by
treating an acyl nitrogen-containing dispersant with a boron compound such as boron
oxide, boron halide, boron acids, and esters of boron acids, in an amount sufficient to
provide from 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 mass %, e.g., from about 0.05 to about 0.7 mass % boron. The boron, which
appears in the product as dehydrated boric acid polymers (primarily (HBO,)s), is
believed to attach to the 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 mass %, e.g., from about 1 to about 3 mass % (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., [40°C to 170°C, for from about 1 to about 5 hours, followed by nitrogen
stripping. Altematively, 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.
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formed by reacting 2225 M. polyisobutylene (PIB) and maleic anhydride (MA) ina
simultaneous chlorination/maleation reaction under the following conditions in both
the presence and absence of the specified amount of a polyisobutylene-soluble iron
salt (Iron (IIT} Neo-Decanoate in Isopar-L solvent; the concentration of Fe in the

10 solution being 6 mass %). The SAP No., chiorine content and sediment content of the

resulting PIBSA products were then measured and compared. The results are shown
. below, in Table I:
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Cl2 Addition Tenp. (C) 140-225 140-225 Soak Conditions (hrs@@)
2@25 2@25 N2 St ?ipp Conditions (hrs@ 1@25 1@25 Batch Q/clcg ;l'l rr;a
(hrs) 10 10 PIBSA Quality SAP No. (nmg KOH/ ng) 56.9 54.9 C nAgn
(mass %9 0.088 0.064 Sedi nent Content (vol % 0.01 0.03 t
shown by the conparisons of Table 2, the-p8esence of greater anobunts
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pol yi sobut yk enﬁasfdﬁﬂljemonﬁ@ GoTBIE! £s shown by a comparison between comparative
Examples 5 and 7, when further nitrogen stripping is used to reduce the chlorine
content of the product formed in the absence of the metal, the cycle time is increased,
and far more sediment is formed, and the reduction in chlorine content is marginal.
As shown by a comparison between comparative Example 7 and inventive Example 8,

10 the presence of the metal compound allows for an 8 hour reduction in batch cycle

time, while achieving a comparable chlorine content and a reduced level of sediment.

Exa.mpfe 2
To demonstrate the adverse impact of hi gher levels of metal on the formation

Is of PIBSA products, PIBSA products having the functionalities/SAP Nos. shown were

formed by reacting 2225 M polyisobutylene (PIB) and maleic anhydride (MA) in a

simultaneous chlorination/maleation reaction under the following conditions in (i) the

absence of a polyisobutylene-soluble iron salt (Iron (III) Neo-Decanoate) and (ii) in

the presence of an amount of the polyisobutylene-soluble iron salt providing greater
20 than 2 ppm of iron (ppm of mass in PIB). The SAP No., Ievel of active ingredient

(AI), chlorine content and sediment content of the resulting PIBSA products were

then measured and compared. The results are shown below, in Table 2:
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Fe Conc. (mppm in PIB) -e- 3.0

MA/PIB Charge Ratio (m/m) 0.065 0.065

Cl/PIB Charge Ratio (m/m) 0.055 0.055

Cl, Addition Time (hrs) 5 5

Cl; Addition Temp. (°C) 140-225 | 140-225

Soak Conditions (hrs@°C) 2@225 | 2@225

N; Strip Conditions (hrs@°C) 1@225 | 1@225

Batch Cycle Time (hrs) 10 10

PIBSA Quality

SAP No. (mg KOH/mg) 56.9 54.9

CI Content (mass %) 0.088 0.064

Sediment Content (vol %) 0.01 0.03

As shown by the comparisons of Table 2, the presence of greater amounts of
the polyalkene-soluble iron compound during the chlorine assisted maleation process

5  led to an increase in sediment, which is indicative of backbone depolymerization.

Example 3
To demonstrate the effects of the inventive method using other
polyisobutylene-soluble metal salts, polyisobutylene succinic anhydride (PIBSA)

10 products were formed by reacting 2225 M, polyisobutylene (PIB) and maleic
anhydride (MA) using the charge ratios (of reactants) shown, in a simultaneous
chlorination/maleation reaction under the following conditions in both the presence
and absence of the specified amount of polyisobutylene-soluble nickel and copper
salts (Ni(II)-2-ethylhexanoate and Cu(II)-2-ethylhexanoate). The SAP No., chlorine

15 content and sediment content of the resulting PIBSA products were then measured

and compared. The results are shown below, in Table 3:




Met al Conc.

(mppmin PIB) _ 0.50 2.00 0.50 2.00 MW PIB Charge Ratio

' 0. 058
m 0.065 0.065 0.065 0.065 0.065 C12/PIB Charge Ratio (mm
(().0?8 0.058 0.058 0.058 A2 Addition Time (hrs) 55 5 5 5 C12
(© 140-220 140-220 140-220 140-220

Addi ti on Tenp.

15
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Table 3
Sample # 13 14 15 16 17
Inventive/Comparative Comp Inv Inv Inv Inv
Metal Species Added No Yes Yes Yes Yes
Metal Species --- Ni Ni Cu Cu
Metal Conc. (mppm in PIB) -=- 0.50 2.00 0.50 2.00
MA/PIB Charge Ratio (m/m) 0.065 0.065 0.065 0.065 0.065
Cl,/PIB Charge Ratio (m/m) 0.058 0.058 0.058 0.058 0.058
Cl, Addition Time (hrs) 5 5 5 5 5
Cl; Addition Temp. (°C) 140-220 | 140-220 | 140-220 | 140-220 | 140-220
Soak Conditions (hrs@°C) 2@220 | 2@220 | 2@220 | 2@220 | 2@220
N; Strip Conditions (hrs@°C) | 1@220 | 1@220 1@220 | 1@220 | 1@220
Batch Cycle Time (hrs) 9.5 9.5 9.5 9.5 9.5
PIBSA Quality
SAP No. (mg KOH/mg) 58.0 57.6 58.9 56.5 55.9
CI Content {mass %) 0.117 0.105 0.106 0.104 0.102
Sediment Content (vol %) 0.01 0.01 0.01 0.01 0.01

As shown by a comparison between comparative Example 13, and inventive

Examples 14 through 17, at constant nitrogen stripping times/temperatures, the

presence of the defined small amount of nickel or copper compound during the

chlorine assisted maleation process led to a product having reduced residual chlorine

contents, with no increase in sediment.

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

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.




It 2@20 N2
140- 220 Soak Conditions (hrs@ 2@20 2@20 2@20 2@20
Strip Conditions (hrs@) 1@20 1@20 1@20 1@20 1@20 Batch Cycle

Time (hrs) 9.5 9.5 9.5 9.5 9.5 PIBSA Quality

58.0 57.6 58.9

SAP No. (ng KOH ny)
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What is claimed:

1. A method for providing a polyalkene-substituted carboxylic acid, carboxylic
anhydride or carboxylic ester by a halogen-assisted reaction of a polyalkene and at
least one olefinic monounsaturated mono- or di-carboxylic acid, anhydride or ester,
said method comprising:

reacting polyalkene and at least one olefinic monounsaturated mono- or di-
carboxylic acid, anhydride or ester in the presence of halogen and at least one metal
compound, wherein said metal is selected from the group consisting of Mg, Ca, Ti, Zr,
Hf, Cr, Mo, Mn, Fe, Co, Ni, Pd, Pt, Cu, Zn, Al and Sn;: and said at least one metal
compound is introduced into the reaction prior to a time at which greater than 85
mass % of said polyalkene has reacted with said olefinic monounsaturated mono- or
di-carboxylic acid, anhydride or ester, in an amount introducing from 0,01 to

5 ppm by mass of elemental metal; based on the mass of polyalkene.

2. The method of claim 1, wherein said metal compound is introduced into the

reaction pre-mixed with, or concurrent to the introduction of, said polyalkene.

3. The method of claim 2, wherein said metal compound is introduced into the

reaction pre-mixed with said polyalkene.

4, The method of claim 1, wherein said at least one metal compound is
introduced into the reaction in an amount introducing from 0.1 to 2 ppm

by mass of elemental metal, based on the mass of polyalkene.

5. The method of claim 1, wherein said metal of said at least one metal

compound is selected from the group consisting of Ti, Fe, Co, Ni, Cu, Zn and Al.

6, The method of claim 5, wherein said metal of said at least one metal

compound is selected from the group consisting of Fe, Co and Cu;

7. The method of ¢laim 6, wherein said metal of said at least one metal

compound is Fe,




56.5 55.9 CI Content (mass % 0.117 0.105 0.106 0.104 0.102 Sedi nent
Content (vol % 0.01 0.01 0.01 0.01 0.01 As shown by a conparison
bet ween conparati ve Exanple 13, and inventive Exanpl es 14 through
17, at constant nitrogen stripping tines/tenperatures, the 5 presence
of the defined small amount of nickel or pper conpound during the
chlorine assisted nal eation process |led to“a product having reduced
residual chlorine contents, with no increase in sedinent. The

di scl osures of &#.| pdhemehod afdiialleahand sq8 bRl ' W
herein are 10her el?%f incorgor ated into this specf@?p?g%@gﬁpggi%ﬁeb&%b]e
reference, in tHA&T “CRRYSty. The principles, preferred enbodi nents
and nodes of operation of the present invention have been descri bed
in the foregoing spegificatjon, Wat applicants submt is their

i nvention, however, TAROG 9§ clabm & owkerginesitl metall domipbed it @ pdlpsikene-soluble
particul ar enmbogdiePétnfpodidcl osed, since the disclosed enbodi ments are
regarded as illustrative rather than 15 limting. Changes may be nade
by those skilled in the art w thout departing fromthe spirit of the

invention. -21{gWh [ ' , A. et hod .for praoyiding . a

pol yal kene- subsi it u%ﬁ@g&l g%;%ﬁ@i@eg}rbsg ICP‘E'P‘Q'}‘FHW pRialkspe-soluble
car boxyl i ¢ est emetBhcomphaidogen- assi st ed reaction of a pol yal kene and
at | east one ol efinic nonounsaturated nono- or di-carboxylic acid,
anhydride or ester, said nethod conprising: reacti ng pol yal kene

and at | east onl.ol @hé miethodrofdainsh itinee:d Fen0 cor@boudli ; E}@Tk)éﬁ I

aci d, anhydri d%o%o&%ter in the presence of hal orgfgen aﬁdcaaﬁgt eaés%\ohg)r]]ee
met al comnpound, erein said nmetal is selected fromthe group
consisting of My, Ca, Ti, Zr, H, C, M, M, Fe, Co, N, Pd, Pt, Cu,

Zn, Al and Sn; ,and id at | east one netal conmpound is introduced
into the react ilgh p eol?let?"(’)d %feE?q“Hé?a‘FhW el Freasitowe pelhielkergSoluble metal
compound is selected from the group consisting of Fe naphthenate, Fe(IIl) neo-

decanoate, Fe(I1l) 2 ethyl hexanoate, Fe(ll) stearate, and Fe(Ill) 2,4 pentanedicnate.

13.  The method of claim 1, wherein said polyalkene is polyisobutene, said olefinic,
monounsaturated mono- or di-carboxylic acid, anhydride or ester is selected from the
group consisting of fumaric acid, jtaconic acid, maleic acid, maleic anhydride,
chloromaleic acid, chloromaleic anhydride, acrylic acid, methacrylic acid, crotonic

acid, cinnamic acid, and C; to Cy alky] acid esters thereof, and said halogen is

chlorine or bromine.

14. The method of claim 13, wherein said polyalkene is polyisobutylene, said
olefinic monounsaturated mono- or di-carboxylic acid, anhydride or ester is maleic
anhydride and said halogen is chlorine.

15.  The method of claim 14, wherein said polyisobutylene has a number average
molecular weight (Ma) of from 900 to 3000.

16.  The method of ¢laim 15, wherein sajd polyisobutylene has greater than about
60% tri-and tetra-substituted unsaturated end groups.




mass % of sai d pol yal kene has reacted with said olefinic
nmonounsat ur at ed nono- or di-carboxylic acid, anhydride or ester, in
an anount introducing fromO0.01 to .5 ppm by mass of elenental netal,
based on the mass of polyal kene. 2. The nethod of claim1l, wherein
said netal conpound is introducedinto the reaction pre-mxed with, or
concurrent to the introduction of, said ypr-yal kene. 3. The nethod of
claim2, wherein said netal corrpound is introducedinto the reaction
pre- m xed with said ol yal ke The nethod of claim1, wherein
Said at |east oMe mibamebgnptisie 1|6swb"ﬁflpéﬂﬁ|e‘élﬁls‘i’hﬁ¥ée“@H%deﬂé‘%ff@f@ﬁ Gen

an amount i ntr Qeugkne rdeifRa8: dontathins RN P THRSs 9 orddcBiE al netal,
based on the nmass of polyal kene. . The nethod of claimT, wherein
sai d metal of dased oathetelgkpassaéolgr.al conpound is selected fromthe
group consisting of Ti, Fe, Co, Ni, Cu, Zn and Al. 6. The nethod of
claim5, wherein said netal of said at |east one netal compound is
sel ected from tiBe gi‘bupethmi@cﬁimdgwareiﬁ@%)@'ﬂaabdst@]e olefinic FHopomsitivatd

of claim®6, wherein SR ea
e °' 5. The' met RGO 0T SEPAPIIC siferbiited o Fauip) Binhiriienf o0ueta ' °
pol yal kene- sol tﬁi}lr&cﬁﬁﬂlar@ﬂﬂﬁﬁliﬁ‘(%}bﬂm ottt @d. of cl ai s, wherein

said netal conpound is- a polyal kene-sol uble netal conpound. 10. The
nmet hod of claim6, wherein said nmetal conpound is a

pol yal kene- sol gbl e TRimthauTRRUATS, Wikreid @Jasmhﬂ@gn@a‘mﬁb@caa ifto ber ei n
said netal conpound is a onaIken solu | e conpound. 12. The net hod

of claimll, V\,FFéFt@inﬁnégl"@Féattml(@@to Brra lp-oF'yélskene sol ubl e net al
conmpound is selected fromthe group consisting of Fe naphthenate,
Fe(l11) neodecanoate, Fe(lll) 2 ethyl hexanoate, Peal) stearate, and
Pearl) 2,4 pen@%nedﬂ@ﬁ%ﬁt@ of gleiny k% Vheteliowidgt least apewlpliniqurencainsateraied

pol yal kene is RBhY oS GDUHRARIC 8, thighgdd d}leaeraﬁaeﬁalga@wn@ta GedPao- or

di - carboxylic acid, anhydride of eSter is selecte rom-t e group
consi sting of te¢thardordedmi ! t¢ {abeyat et aiemgeratied ofifoma i trBHEICC
anhydride, chloronaleic acid, chloromaleic anhydride, acrylic acid,
met hacrylic acid, crotonic aC|d cinnamc acid, and C1 to-C4 al kyl
acid esters thereof and said halogen is chlorine or bronine. 14.

The met hod of | kene i s polyisobutyl ene,
said olefinic ¥ nou gﬁ%eth\lggfjégal%%a uf m&%’e‘f’}& P‘TS%‘WIWIQ %?hﬂmg P e
or ester is nedn@iitrodindiiod bf héd ilshen Bégind b @@BratuSe SR I0WECto 15. The
met hod of claim 14, wherein said polyisobutylene has a nunber average

ol ecul ar wei gHP" % prq engk 2t tswpgeioracs iepn 0 80°C® 244%e et hod of cl ai m
15, wherein said polyisobutylene has greater than about 60%tri-and

tetra-substituted unsaturated end groups.
22.  The method of claim 21, wherein 8§ mass % to 35 mass % of the

total amount of halogen is introduced into the reaction per hour.

23, The method of claim 22, wherein at least 70 mass % of said halogen is

introduced into the reaction before the reaction mixture reached 180°C.

24, The method of ¢laim 23, wherein said polyalkene is polyisobutylene, said at
least one olefinic, monounsaturated mono- or di-carboxylic acid, anhydride or ester is

maleic anhydride and said halogen is chlorine.

25.  The method of claim 24, wherein said metal compound is Fe(IID)

neodecanoate,



-23- 17. The nethod of claim 16, wherein said polyisobutylene is
derived froma C4 petroleumfeed streamcontaining froma 0 to 75
mass % of isobutene, based on the total mass of olefin, 18. The

met hod of claim1l1, wherein (A) said at | east one olefinic
nmonounsat ur at ed nono- or di-carboxylic acid, anhydride or ester and
(B) said polyal kene are charged for react#m in a molar ratio (A B)
of fromO0.9,to 2.5. 19. The nethod of claim 18, wherein (C said

hal ogen is intrgduceg.i L eACH] ' r ' fyom
12 e a5, 20, Mo e pRbia s AsRER R GR R PR nbiies (o fiald

ol ef i ni ¢ nDNounsetowylit 2atiydridn or cappoxplic ester jroxydt has afondionadithyiirarald 2or
ester and sai d pol yal kene are reacted together for from1l to 15

hours, at a tenperature of from 100C to 240C. 21. The method of claim
20, wherein the tenperature is raised during the reaction and

i ntroduction of__said hal egi.ns at ,a t erature of from 100C_to
170C, and ends At aﬁ?e ‘%’g‘ir}&raéﬁqér whegsin ?%gxgﬁf e?ﬁ@‘ésaldﬁieaﬁfﬁée Alefivieg
of claim2l, whigdeimbafralistor¥ biali3BrboBEis a0 Whhidie bPéstr aRFRMRY iOfhe
hal ogen is introduced, into E7he reactjon per h 3. The met hod of

> our. 2
clai m 22, wher éP§engofje tabigetalernd pobyalkensinseluble myd sompoynds-r oduced
into the reaction before the reaction m xture reached 180C. 24. The

met hod of claim 23, wherein said polyal kene is fpo.l yi sobutyl ene, said
at | east one ol%8fi nilke maberbefedaim Ir whisein saif metabet sgidag leap ong/metel aci d,
anhydri de or egb@hodnd idRlceks rbRVEEL A6, AN 57 €, hal ogen is chlorine.
25. The nethod of claim 24, wherein said netal conpound is Fe(lll)
neodecanoate. -24- 26. The nethod of claim1l1, wherein said

pol yal kene- subsgi t u ' [ L Vel ' r
car boxylic est é‘?' prg%&gftﬁ#;@)%h?g%’gﬁegerl\%%ﬁlg&%lfdffs @g?nﬂgé_ég&iegﬁeﬁr 27.
The met hod of etrapawnd is selapted from NS andiCpol yal kene and said at | east one
ol efinic, nonounsaturated nono- or di-carboxylic acid, anhydride or
ester are reacted in the absence of elenental netal and

pol yal kene- i nsd0.ubl Bhemettadd of ohijpo @h dshercitsaidihaalvemhachddf sebe@il o,
wherein said <SP t _one. metal conpound is sel ected
from Co, Sn, qﬁ&%&gﬁﬁﬁgﬁgﬁ%ﬂd é‘ggqmpfﬁrédshet hod of claim 28, wherein
said netal of said at |east one netal compound is selected from N

and Cu. 30. T hod of, ¢l ai 9. wherein, said l..coqpound is
sel ected from Egl mérr‘]eé@c’éio ﬁ%’lngg(ﬁliWhﬁﬁﬁls p(?yﬁ%S’EFﬁ%Eb?e%‘l@H%’fe net hod
of claim 30, whesmeimdssad dlepioll framkbn@ospdonkibtingNf NI 2 GthylHesmeatadsu(ay €

selected fromigh roup consjsti ng of Ni(l11) 2-ethyl hexanoate; Cu(ll)
2- et hyl hexanoa '8,@‘5'13 gﬂ‘i’la?‘?;&@f te.



