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Xf 6 T POLYMERI C DI SPERSANTS PREPARED FROM COPOLYMERS OF LOW

JOLECULAR VEI GHT POLYI SOBUTENE AND UNSATURATED ACI DI C REAGENT 3’"’
- OF THE INVENTION This invention is directed to a new | ow nol e

copol ymer (The PIBI UAR copol yner) that may be prepared by reacting.gylow
nmol ecul ar wei ght pol yi sobutene (PIB) having | ess than about 32 carbon atons
Wi th an unsaturated aci dPOLUYMERIC DISPERSANTSPRERARED free radical

initiator.

No chain 10 transfer agent is required to prepare the |ow

mol ecul ar wei ght Pl BROAMRCORDILYMERS ORFe.OGWBMOARCULXR WEIGHTRY be useful as
Is, or as an internediate for (1) polysuccinimdes) (2) detergents or

di spersants for | POLYISOBUTENEIAND UBISATURAPEDNMACHHOIREBAGENY and (4)
surface sizing agents for paper. The PIBI UAR copol ynmer may be used by
itself or as the ester, amde, imde 15 or netal salt derivative of the

3o 111 s known aaeReROPRETARRATRIERTEN &' Cagent copol yrer

conposi tions may s memme:é dirgctedas tiriegy law rablebalapeighb capdlyman
unsaturated acidic reagent in the presence of a tree radical initiator.
This 20 readf hsﬁ'BM%5Pwvm9r)éa¢trm@ab%afeparefébw%ﬁcéag fdpysEnelee@ds et her

in EbveﬁﬁllxtVﬁdms utéhd HﬂB Rax}jﬁ%%s%ﬁg?r{ §I§<ftft'39rba'rl§orf3§t6hiseﬂmpﬁﬁ neat, the
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ymers have a eqgr ee ymerization, whic results in
unsaturated acidic reagent in the presence of a free radical initiator. No chain

transfer agent is required to prepare the low molecular weight PIB/JUAR
copolymer. The PIB/UAR copolymer may be useful as is, or as an
intermediate for (1) polysuccinimides, (2) detergents or dispersants for lube oil
or fuels, (3) pour point depressants and (4) surface sizing agents for paper.
The PIB/UAR copolymer may be used by itself or as the ester, amide, imide
or metal salt derivative of the PIB/UAR copolymer. Preferred PIB/UAR
copolymers are liquid at ambient temperature.

It is known that olefinfunsaturated acidic reagent copolymer
compositions may be prepared by reacting an alpha olefin with an
unsaturated acidic reagent in the presence of a free radical initiator. This
reaction is typically carried out at elevated temperatures either neat orin a
solvent or diluent. When the reaction is carried out neat, the resultant
copolymers have a high degree of polymerization, which resuits in a
high carbon number and a high molecular weight.

Traditionally, if a lower degree of polymerization, lower carbon number
or low molecular weight for a copolymer was desired; it was necessary to use
a chain transfer agent during the copolymer preparation to promote chain
transfer. This is because the chain transfer agent causes such copolymers to
have a lower degree of polymerization, which results in a lower carbon
number and a lower molecular weight.

A high temperature of reaction may be used alone or in combination
with chain transfer agents to encourage a low degree of polymerization and
the resulting low carbon number and low molecular weight. Traditionally, the

key factors used to influence the degree of polymerization for a
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hi gh carbon nunber and a high nol ecular weight. Traditionally, if a |ower
degree of polynerization, |ower carbon nunber 25 or | ow nol ecul ar wei ght
-for a copolynmer was desired; it was necessary to use a chain transfer agent
during the copolynmer preparation to pronote chain transfer. This is because
the chain transfer agent causes such copolyners to have a | ower degree of
pol yneri zat i ggpolyibliation sadtoniverad cbﬁm{m§ﬁfgh%nﬂéfd?§ﬂe FHfpAtibauer

nmol ecul ar wei ght. 30 A high te erature reaction may be used alone or in
conbi nati on @haiR tr@nslen ag?f%ﬁ@e@ﬁ esifenthe degres ebRelugerizationihee rast. of

pol ymeri zation a ul ar

wei ght. Traditi Oggpf:e?av![} Eé%ey% c%‘({)v?@us ;r{\g@%ﬁgﬁ%ge@%ﬁgggr ee of

pol yneri zat i tvat therreaulting copdppet g%rtwibalbjt& glassyeedid. oh solig eopmiyrbémis ng hi gh

tenperatuge I i o degree of
oty 1 o1 0iablel fetafbe SARNE gbEANREE Lt Rhehler oy BP Ry O

prfapgre theI realily ymannblesrt tehmieraﬂumsr e&zfgfe fugtheoprolcysaing, :eﬁzdleopalymera gl assy
solid. A so c e5|r e cause sol.| qpol r cannot
oo hand! od_ches B Palahtt FertihirvihaLRaY BE PR Batdr cUne furt her
processing, ac&ﬁﬁ;blﬂhé@BWh}éHﬁ'ig in@ssom@ctasm r'h@Hﬂﬁé térﬁpé&aﬁﬁ@%b@&@ﬂféy t hat may
be punped readily. This may be acconmplis d‘{q heating the solid copol yner

to a tenper aMGHEIRMHYOr UEBIAEQIYETY t?Jeism)lth aﬁ'ggah%s@%wvewqﬁiegsm ve it.
Heating yhe conp! é{m?fhe'&ddﬂ]‘otn alébh?é?ﬁﬁéaﬁerﬁmgrra Aok WbQiau@e §GL VENt IS

often not practrcal. This I's because it Is de e to renove the sol vent
before the cdmjla}biﬁato resnevp dheiseidentdheforetiee sopalwner barsbe osed atiddpesed of in

e enner CorShaliboth b ERISLFTTI Floah BRGNS R BRI, coP v

Sur pri si ngl yregalatioas.n transf er agent is not reqw red to pr epare the PIBI UAR
copol yner at the I ecul ar . wei urt h ce the PIBIUAR
uﬂ?? b Btlaf\

copol ymer is liq YH%edé%é%\WP@ e'(‘PieQ Brs/& R’}?eOP "Bl UAR copol yner
by usi ngyaddiéddiiaérshie @bo REspaedi irgidivgyita Qﬁlﬁ”{r‘énéféﬁalj’éﬁllyﬁ& copol yner is

used. Since no solvent is required, the step 20 of renpbving the solvent is
not necessar&?%‘lf?%@ PrepREpE] B/UAR sppalyer at WPd@SHQd leuetdleryla Pl B/ UAR

copol ymer i kbigh PELART BRcan BAKRRKLRIer Al il SHEFloRhepach der vati ve

of fers several advant ages over reparl ng ysucci ni m de acting
al pha ol efi ndlpss@p@ﬂ@d’l&d%l?mo meir oy mesay%c&ltml hert qladémglsoduenal kyI

succi ni ¢ aci flogp, ﬂ%rﬁléﬂﬁA%%PBJ gﬁ%?usa&‘éﬂn g@%ﬁ@b&ﬁ% lréchuEPed”f%ecé?

transfer agen? Isre roduce th having t he
desired 2w ohlemlr@rthmolghm)lsalndnéa—:)ssaryrmmet he PI BI UAR copolyner is

liquid, it does uire melting or the, addi ol ven before it
can be’ used 1o migePabp pELERrHm b uiRrepa) S RAAL sphefier Shha

required, thgolgarhinerdndcresikemil ohakel dueclbe: acdraeaehtive difersselerali nat i ng
handl i ng or dlsposal cost. SUMMARY OF THE .| NVENTI ON Thi s |n ention is

directed to & \f?é‘\frf'i'qe&\ﬁ"ﬁbP@(E’ﬁf'ﬁg ARAFHECEBHEP Pireraqina MR copol yrer)

that may be plepRRidbpRIMRaWithPdhydniRYs BRd 8keh@lor atkyl sW&ii®hcigO! yi sobut ene
(PIB) having | ess than about 32 carbon atons wth an unsaturated acidic

reagent #h t¥RIiveHs diese advantagesinchidec Al) naphaintignsienggemtds reaughst er
agent is reqy g‘ué&herﬁﬂﬁ{j;@aws?l Per Hé\}.ﬁgmeaae%bg&k nhdIBEMIRvSigRO! yTer .

r
The PI B/ UAR copolynmer may be use as I's, or as
and (2) since the PIB/UAR copolymer is IquId it does not require meiting or
the addition of a solvent before it can be used to make a polysuccinimide and
(3) since solvent is not required, the solvent does not have to be removed

30 thus eliminating handling or disposal cost.

SUMMARY OF THE INVENTION
This invention is directed to a new low molecular weight copolymer

(The PIB/UAR copolymer) that may be prepared by reacting a low molecular
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Sinternediate for ( 1 ) polysuccinimdes, (2) detergents or dispersants
for lube oil or fuels, (3) pour point depressants and (4) surface sizing

- agents for paper. The PIB/ UAR copol yner may be used by itself or as the
ester, amde, imde, or netal salt derivative of the PIB/ UAR copol yner. The
Pl B/ UAR copol ynmer may be liquid at anbient tenperature. 10 This invention

conpri ses OoRpgight p@sws%bBt&buPEB)quga@@é thaneabo 32 Rar@enaoms wilranl a: I nt 15
Ter. x wherein X and X conprise one or nore of: -OH; Ohydrocar byl ; - NH2;

-Cl; -Br; - oeRatuiied arkioveagenin theorresprce:efin {Feg eaviica)initiator. g ch alﬁe of a
met al , anmo i as - ; 20 n
conpri ses arP'Ivvﬁgi‘e{:la %@%gtgq Ht& reﬁ%t%&%ﬂg%g?%é?@#@?gﬁ?/m& corrprl ses
pol yi sobut ylcopalyineg 'IU&BIBV%R Q@DOWmetDmayab&msefulm&lsnwa%@s a whol e integer

of from1l:t . i 20l e, i.n fr onpri se
at | east %ongmgrn”l"%( 'a&girf%higgllyg%%m'léﬁdaé %Lﬁ%%qerﬁ%?tssog@ n¥30 OrM’te oif 0PI 1 ses
ter m nati ng og fuslg. (BFFberIbIoB{tUéﬁasepmbwmﬂr(ﬂmyhdedmd@agemtbémr ;ﬁbeand R2 t hat

i t he oth f. R t
pol i sobut yITR RIPTAK saRveer G ts- oAl o2 b EoiorAnBP e 9% copol ymer

nmay be |i quich pRitalayaRiRAlativeraTena PAB/BIARTEeh dRInGé IUARRCRIBIU X REdopBRYNEG O NPT | se
one or nore of an am de derivative, an ester derivative, an imde

derivative &y ke hauicpt ambienttemparaits.ve. The PI B/ UAR copol yner may have an
aver age jgegree o Raﬁgw;' | UAR
copol ym&*rg may a&gg%\)’ n%'é:"a?\?@?%%é”@ngf)ec %SIEB/VU\%\I ght o%rg%goh-épﬁggiigto about
10, 920. The geh8laUfgRmuipol yner nmay be prepared by the pol ynerization of one
or nore unsaturated acidic reagents and one or nore polyi sobutenes havi ng
10 |l ess than about 32 carbon atons in the presence of one or nore free
radical initiators. This unsaturated acidic reagent nmay conprise malefic
anhydri de. The pol yi sobutene may conprises a m xture further conprising
about 5 wt. %to about 20w . % C8H16; about 35 wt. %to about 55 wt. %
C~2Hzq, about 20 wt. % tgpabout 30 wt. 1% 06H32, jabout 8 wt. % to about 15
wt. 15 C20H40; about 2 w||{%to about 8 4H48, and about 0.5 wt %to
about 2 wt. 9% C28H56 The |pol yi sobutene corrpri se a mxture having a
nunber average nol ecul ar |\
copol ynmer may be prepared
amount of - unsaturated acijdi
20 having | ess than about
28 carbon atons, in the g
initiator toformafiq} er and a second step of
reacting a portion of thegifirst |iquid qepl ymer with a second
anount of unsaturated aci|di c reagent) 4 |second dnount of polyi sobutene

havi ng | ess than about 32|25 carbon atdns) nmor&|preferably |ess than about
28 carbon atoms) in the presence of a sétond anoynt of free radical
initiator. -4  The PIB/ UAR copol yner of this invention may al so conprise
one or nore copolyners having the general fornmula: Ter. x 5 wherein n
conprisas a whole integer from1l to 3, Rlconprises nmethyl, R2 conprises

pol yi sobutyl having | ess than 32 carbon atons, m conprises a whol e integer
of from1 t&%TY conprises a whole integer of from1 to 20, Int. conmprises
one or norex aﬂdxmdmmnsleecdieaalmomrtd T-e40H Cerfm—irwdmoartwl or—NIH?;e—E(éI:n‘i nati ng

groups. Rl an Y rise mat th 0 R and R2
ey Conpr i sé—ghe Qﬁnﬂ‘ﬁ‘@r‘%?@ﬁ@%ﬁﬁﬁ%" %’?}dﬁta? E)O%%B 25 car bon
atoms. Thi s it BihaRAlanaeamireycdtion] érﬁHJl)Oan?H xeakes nbgétaepss atowre, This
Pl B/ UAR copol yner may be prepared by reacti ng nal efi c anhydri de with one or

nore polfi sesienHises @avhaolg integer fiaman taBoBd comprises HiethxioReE CompFigesr ef er abl y
28 carbon algRboLf) hAGndIRSERNGT39EaBRA REMEDh&ohifRes a whole integer

of from 1 to 3; x comprises a whole integer of from 1 to 20; Int. comprises at

preferably | ess than about
nt of free radical

-

AY

least one initiating radical; and Ter. comprises at least one terminating

group. The PIB/UAR copolymer may inciude either R1 and R2 that comprises



15 radical initiators. This PIBIUAR copol yner may have an average degree of
pol yneri zati on of about 1.1 to about 20, nore preferably about 1.5 to about
- 10 and average nol ecul ar wei ght of about 231 to about "10,920. The

pol yi sobut ene used to nmake this PIBIUAR copol ynmer may conprise about 5 wt.
%to about 20 wt. % C8H, 6, about 35 wt. %to about 55 wt. % Cl2H24, 20
about 20 wt . methybanghhe otBer ¢ftR1 ond Bd3bat camenrises patyisopityd haybaebost s .
C20H40, abo 0 8 fepfia about 2
Wt . %CZBHGg{O %?\M zg/cgﬁ?g'g‘ﬂ?@ﬁe%ggto magpd?rﬂ ﬁ‘%?%tedﬁﬂ%c%ytao BIIrer'gtr

have a nunbeﬁenmeemtagae bk &UBIUAR wepaivne( ivay cofnpanbeohebﬁmdreoabnut 240 Th| s

Pl B/ UAR cop be use t sob lavi n | ess an 25 about
32 carbon at%’ﬁg’evﬁqwxw &N ?%{m‘?y'a?qp"(?egp %‘P’a Veen% a3Mm ﬂ'es nore free
radi gal ini tdervatite.t TheRKSUAR eopﬁflyrhé\i maszaw# aﬁaveragbld%glﬂfeabﬂJAR copol ymer
may be prepare grmng, a fifst st reacti a first

amount of un%‘?ﬂ'ﬂ?é%%@nég agPet 1-d g aheutat %RQ%'BMR 5%(3%%?%6\6;\/? gobut ene
having | ess M}ﬁ&@&@%&%%&l&@%@m%%m@@nms%smam 920 €ss than about 28
carbon atons) in the presence of a first amount of free radical initiator
to forma first IThap /WBIQQRR'VHW@I‘%@ prapares %\é‘f‘@rﬂ!")ﬂ“ﬂ@#a@ﬂn okaeei ng a
portion of the&, [JUT{S%EUFE{GQLQC%IEQ S é/g?erﬁo

nt of
unsat ur at ed amgl C reagent, a sec anoun g'é%bﬁ‘?ene havithg | ess
t han abolit aéssmdmcaboarl aﬂsarhmraiorpseri meapJégedoesm‘ mba:m nwdxeuﬁreé!ﬂachxml bon

atons) in the.t.gf esegge of @Steéond armuntt of free hyffsjdat or. This
i nvention nel{)"MgI%Yy 'ﬁ’dﬂsg i ag@%ﬁgerbde@?@pﬂ?ﬁm "f' fAe lSeneral
fornul a of: Tigs poly\f@@bﬂbﬁewmﬁmfséﬁ 0MBRIE fURHeR c@fnpﬂsﬂgnboberS N O and R4
15 wherein R coqyrl ses at ea t one of one or nore g al kyI s and one or

S

more pol yal keWbsihaPert?Q we ‘b &l fBoW 33 pologhovt re Mtehcdtziave a

mol ecul ar  wejkHk 20fwta% tbea%‘é)ht 300R; % RLERIPAPRR S VWE'?/J%H abdB€ 16 WAPY Ses
pol yi sobut yl haV|ng ess 32 carbon atons; npri ses one or nore
a

pol yani n& | i GioHag abaui £ ut do tw@%ﬁwﬁ%&@mo@b%@@m Grtorabemt 1 to 3; n
conprises a I I e integer of
from 1 to 20t W Gl e B RoubieAB ey s pompaThimiztfe RalRELC 1 Mt o0
conpri ses ormelperraylemgeemMenabr weight (Mpf aboat Wibhoeamuw(aniﬂhﬁm are

Lo gl ve o riPERIRBIIRO ey Gretern ireriorting SHRLsleRaregirRig o1 ' "
conposi tion fir@lrmﬁt ﬁmtrtg ulasammed ﬁﬁiﬂlmtea@éntmnlh first arlnbun’(amlgwlsdmmf ty and a
m nor anpunt, of thi s po This p SO of a

LDt carRing haingighs AR SHo 28 Farmest Ay DRl haey esapBr gbed apout o0
w. % of thizm @&b&ﬁ%fcrﬂ@dnfHe%Pe@&%étofgﬂhr\é{am&’@ﬁt%f&ﬂé@ﬂbdl&@l inttiato¥a®f an oil
of lubricati ng Vi scosM%P Thi s pol may al so be a part_ of a fuel

concentrate eﬂ’ﬂﬁ’r firgt Yy P IBVOR corg mer@pd&’hsqc,qggtsteg BRI PRAPN ¢ or gani ¢
sol vent boi | dfige firdt t.&ﬁdrmgmmeo@&w&r\J«ﬁ@a@@%ﬁﬁm&nﬂa@eaﬁa@eo degr ees
F. and a m nor anmount of this polyne hi s 10 cop olgrrer may al so
be post treaacetﬂcvﬁagenbr?eseﬂondmn@wy@f P@Wé@blﬂémhé‘é‘n@ies@ﬁbafbﬁ or32 | i near
nono- or, poI t or nore
05t -t 1t od S ARRE, Fiort RASErhAELL EnGRAN! 26 BbhBAAE THERE, e

car bonat e. Tmesemsmfasmhd@ntblmpefﬁmtadl@ywﬁieatca' part of a lubri cat| ng oil
conprising a mnor anount of the post-treated di spersant and a nmaj or anopunt
15 of an oil of lubricating viscosity. The lubricating oil concentrate my
conprise fromabout 10 wt. %to about 90 wt. % of this post-treated

di spersant and from90 w. %to about 10 wt. % of an oil of lubricating
viscosity. The polynmer nay al so be post-treated with one or nore of boron
oxi de, boron halide, boric acid, and esters of boric acid under reactive
conditions to formone or nore post20 treated di spersants.



A process for preparing one or nore succinimdes conprising reacting a

m xture under reactive conditions in the presence of one or nore free
radical initiators, wherein the m xture conprises one or nore of at |east
one al kenyl acid derivative and at |east one al kyl succinic acid derivative
and one 25 or nore PIBIUAR copol yners prepared by reacting one or nore
unsaturated aci diThelFARAFAR TopblyMeP BEHY inVEKtRNRALY !a%@bféh??i%é dnewdrng | ess

t han about 32 carbon atons and one or nore pol yam nes. The acid derivative
may have a J0PE ¢ROIVEIETS Baving dhe aerarel forawal. 1 to about 1.4. This
succinim de may be prepared by reacting a m xture under reactive conditions
wherein the m xture 30 conprilges one or T n al kenyl acid derivative
and an al kyl succinic acid derjivative, one copol ynmers of one or nore
unsaturated acidic reagents gnd one or il[sobut enes havi ng Less than
about 32 carbon atons) and ong , Thi s succi nim de may
conprise one or nore acid derjfvat succination ratio of
about fromabout 1.1 to _7_ i turated acidi c reagent may
conprise mal efic anhydri de. nprise a lubricating oi
conposition conprising a nmepd f lubricating viscosity
and a m nor anmount of this syc¢cinimde, rtﬂ%ularly, about 10 wt. %
to about 90 wt. % of this 5 guccinimde and fromjabout 90 wt. % to about 10
w. %of an oil of lubricatirg viscosity. ™his inyention nmay conprise one
or nore fuel concentrates that conprise a major anmount of an inert stable
ol eophilic organic solvent boiling in the range of about 150 degrees F. to
about 400 dewpeselns rrcorppitbes anwhole irtepentfromnf! told, Kiceropiisdsyhdibyl, 10 Thi s

succi ni m de F?“W . ik Al 0. f WM

carbonates, 13 ngﬁ)ﬁns?}gﬁél_yﬁsgaﬁggﬁ%mEg%@% O{i%/_ﬁ%@ﬁg%&%rf}ggrp C(éh{d)g'\réneggact ive
condi ti ons. whtde ddededfrem iy 3 cotmmpriseseat Whbdlenstegar dfdran €.to PO mti nventi on
may conprise a |lubricating oi ' nt of an oil of

Ll.conpri.si n% 1maj or _amou
| ubr i cati ng GOMRIES £JS 9h AT SRS SAUERE 208 1ok CMREESANER 0Eucci ni i de,
or 15 nore pafhihailgddrlodips aR0aHd ROmAY aldd ddinprizetthe®(l aMd th Qthert dfi S

post-treated succinimde and fromabout 90 wt. %to about 10 wt. % of an
oi | of 118oriReand: ey comprise ongios Maig BAlYIsSRUtvShauingakH sy toaboyt £ yel

concent rat e B0MRh S hidh<d TS PIB/ARRIEpdRimé by BE liggiial bfibmophi 1 i c organic
solvent boiling In the range of about 150 degrees F. to about 400 degrees

F. and a ni nemparatuat Tois PIR/JARTopelymer mast keiprepatsdbniassting maieie nvent i on
may conpri Sean?nggricﬂsr wﬂi’?%ﬁe RP Ford gﬁr?fs‘agut%%%hg{/iﬂ%‘?@s% tHEﬁQBB&dBFZb%ar%ﬁat' ng
s under | a 0

succi ni m de reactive con I oNsS W ne or nore oron oxi de,
bor on hal i deatorbsrmoreguietbralsin @8 esthemsatoispinrthe peasetdce ©hens ocoiong fredes of

this invention nmay.,.al so be -treated with one or nore of 25 bporon oxi de,
bor on hact adspaatEs ;s PABLIAR SaPdimel iy e Bh ATRfBetinset Bon ey &l o
conprise | ub{jdlyh@ér?zﬁﬂo@bfamﬂm} Bia{ltgauazcr,&hoq‘e prgmmbly@booi ’|.5Qa‘éI abpbt;lio:atg ing
viscosity and a m nor apount of  t succini m de post treated with a boron
conpound. TS AVE{AGS MBIFCHRY WElhpP %@“éi%é‘? aE‘E}Hc"merat €onprising a mgjor

anount of apolyibuteicaied t8Ineskehthisi FIBRIAR RbEOI§ReY dophprisecabodt 5he 30
range of about 150 de?rees F. about 400 degrees F. and a m nor anount of

t
this succi niYh getorabay %‘&M-b"é&ﬁ"ﬁ@@?ot’*r%%ﬁ/"m BPOYRD Wk Yrbmadiasor on
conpoundsy. oyt 203 Bk t&EECHR FAWOR, @szEﬁ%wgbﬁe aa%%%t %5 wig

understanding of this invention, reference w e made to the formul as

present ed t KroighakeutZnut Yorfo mbgut 8 wt ¥hS24Has, ndaboit .5eutetip @bgubdl y, and
shoul d not Sfyu |-} 100 1 i L O I Gt ne
enbodi nent g"ﬁ ' %0(?2]?%6' %@%Iw%@t{%@@%«{lﬁogﬂ%@%ﬁ %Wﬁéﬁc%oﬁ%wgr ?ngi ng a
(R 1 ow nol davt arnunebeglaveEgeymslebulayveigho(y,) iohabtwt 1H0dsahoat 240.( 3)
triethyl enetetr i n TETA) at 165 degrees C. to forma (4

ol ysuci i ANEPERIRE dobe)atee Sav B berct i Revissbitenpiibegss thano ()
cyclic arbapatesz eaboslatbris (ih St ahhpdidedn pisd prisentad bhoskeor ok NI TI ONS
As used in this patent application, t her or not_ca Lé@l{%éed, t he

fol I'owi ng t &iFRTaHSIENYALT 19 MatE A SeaMT P e Tis BEPAR |y stated 15

ot herw se. copolymer may be prepared by performing a first step of reacting a first
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The term"PIB" is an abbreviation for polyisobutene. The ternms "l ow

nol ecul ar weight PIB" refers herein to PIBs that conprise |ess than about
. 32 carbons atons. The terns "l ow nol ecul ar wei ght PIBI UAR copol yner' or
"PI Bl UAR 20 copolynmer” refers to a copol ynmer prepared using | ow nol ecul ar
wei ght PIB. The term "degree of polynerization" expresses the length of a

l'i near pol ynRhoit &f LedREBtdPadidie réugEneitRfa firsPaabumt®f poRRBEIdne) units in
the chain. The nunber average nol ecul ar weight of a Egl ynmer i s the product

of the degr d@aving lpes hapmabeut $2parhAr afones. mesdreigiihn gss tnektuSnei ght  of
the 25 repealyith 4Bils, inTRBQHEehoe OF & BFsliafiflunt of fice PR HfiAlEAOI6MP!

pol yneri zation 1's cal tulated by dividing the nunber average nol ecul ar

wei ght of t refirpbliquick PIBIAReopolymrsrand\eesengad e eelireactinga gartiopfof thee

repeating unit.. Th nms" pol i der .r i . de

conpri si %g Blﬁ%t 'P&Qﬁ?'ﬁ?ﬁ%@gaﬁﬁ‘%w 'tﬁ aggoeggpglr?g'{roqu\?? ﬁg%%t'zrﬁﬁe;ﬁ aﬂl’c')(gﬂ: al kenyl
succi ni ¢ acykagéniga sécagearhowmidf polyisbpatenadaving less thae abeuhd2 carbon

"al kyl vi nyl i dene" or "al kyl vinylidene isamer” refers .to ol efins d

ol yal Kyl encEBRgBREREERY o Aapital il fpRidndrbsetts & G
(A) wherei n FsdconBAnMdur® bitryé rdiodl M@tidt@ss t han about 29 carbon atons and R
is 5 lower an al kyl of about 1 to about 6 carbon atonms. The term "chain
transfer agent" isngventiondeay alse spMpIise ope QU Mese RAVEErS baviRg ficogen or

hal ogen ﬁpati§@ﬂﬂaﬁnﬁm§gfacted during a polynerization reaction. Chain
transfer reactions stop a growing chain radical and start a newone inits
pl ace. Thus chain transfer results in shorter chains, |ower 10 degree of
pol ynmeri zati on and | ower nol ecul ar wei ghts. Typical chain transfer agents
may i nclude nercaptans, aronat conpounds]wi t h_bgnzyl i c hydrogens,

hal ogenat ed hydrocarbons such @gs carbon tefjrachl prji de and carbon
tetrabrom de The term "succinim in the art to include
many of the | S am de, imnde, e also forned by the
reaction of a succinic anhydri ¢l e predom nant products,
however, are succini m des and eneral ly accepted as
nmeani ng the product of a react | kyl - substituted succinic
acid or anhydride wth pol yamtAt suxci nim des are

di scl osed in 20 nunerous refereg nown in the art. Certain
fundanental types of succinim atrgri al s enconpassed by the
termof art "succinimde" are taught in U-3" Patent Nos. 2,992, 708;

3,018, 291; 3,024,237; 3) 100,673; 3,219,666; 3) 172,892; and 3,272,746, the
di scl osures of which are hereby incorporated by reference. 25 The term
"Tot al Base wherbierlVV comprisBione ef sroge bh: t he anmount of base equivalent to
mlligrans of KOH in 1 gram of sanple. Thus, higher TBN nunbers refl ect
nore al kal i ne productshand therefore a greater alkalinity reserve. The TBN
of a sanple nmay be determned by ASTM Test No. D2896 or any ot her
equi val ent procedure. N3

_N\

| and Ry

15 wherein R comprises at least one of one or more polyalkyls and one or more
polyalkenes wherein the polyalkyls and polyalkenes each have a molecular
weight of at least 1000; R1comprises methyl; R2 comprises polyisobuty!
having less than 32 carbon atoms; Z comprises one or more polyamine linking
radicals; m comprises a whole integer of from 1 to 3; n comprises a whole

20 integer of from 1 to 3; x comprises a whole integer of from 1 to 20; Int.
comprises one or more initiating radicals; Ter. comprises one or more

terminating groups; and wherein R3 and R4 are independently hydrogen,
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‘The term "SAP" refers to Saponification Nunber and may be determ ned by the
procedure described in ASTM D94 or any ot her equival ent procedure. The term
"TAN' refers to Total Acid Nunmber and nay be determ ned by S the procedure
described in ASTM D 664 or any other equival ent procedure. The "succinic
rati o" may be cal cul ated fromthe saponification nunber (nmg KOH per gram of
sanpl e), t heallagiphenyl, oo tdkentiogdthénareaitydand toqjivenh K geelgsi This anhydri de
product and the nol ecBi ar_ wei h} of the .IStarti nﬁ)@pol ol efin. The actives
content of tRAVYBEBRY e@rpaJFR‘s"i‘ ubfieating; Qil CHMRANIIORCIMIRBING @ PRIY0 neasur ed
in terms of drheuritok bif FlubFig&tingiscoMiF bRl B AifoP&hbYMSorithis PolyribrOfrhk 0 1S
equi val ent to 100 wei ght percent actives. Accordingly) an actives fraction
of 0.5 woul (Pohnergepyatsoths & pamef ghubrisatingal cormeintrate congrisinectomi ¢ rati o of
t he al kenyl Qr Y Yol ' hydri de and
pol yol ef ?’n ca;&r? ugclla&ég'l %&?%P ggf;?(%&gcgc?lrf asngél?'\?'\ngf h”?hgm@‘ﬂhgf’ﬁ‘gwf"ﬁa equat i on'
Succi ni ¢ r atabout10/wt X6Rf @G oft ck)ubricaihgviEcditywHbisspalyrRermag atsoi be gat | on

nunber of the alke or alkyl succinic anhydrid 0 sanpl.e (ny KOH g) A =
et 1 ves 1 r adrE e adioghloeik rori Sty PRERAN QT of A JH U8Bl 6 Mob =
?umlaer ?ver &Q@opgmlca?gbﬁlb s?ﬁvbghbc;]imfjg l”hgm)e Séctfyetdflwopb’l waegfréas Fh=98 .

mol ecul ar i mal efj ¢ _anhydri de = conversio or=112220 or
conver si on %C@Fé&@%ﬁ!f@@s(ﬁ aaaﬁ' \pr gmoyat of this |polymey; H’,hglsaél:%yé&, de per gram
of sanplg t QoPblyhiedn?iFal9é bKPdsPREated WkhUneSHIbra)oyciid @arBshdt¥e sy f raction of
t he al kenyl or al kyl succinic anhydride may be detérm ned fromthe percent

of unr eact ednediryedreflingaameppdemrply-catiepates|undgr fegctive conditions to form
one or more post-treated dispersants. A preferred cyclic carbonate is ethylene

carbonate. This post-treated dispersant may be a part of a lubricating oil
comprising a minor amount of the post-treated dispersant and a major amount
15  of an oil of lubricating viscosity. The lubricating oil concentrate may comprise
from about 10 wt. % to about 90 wt. % of this post-treated dispersant and from
90 wt. % to about 10 wt. % of an oil of lubricating viscosity. The polymer may
also be post-treated with one or more of boron oxide, boron halide, boric acid,
and esters of boric acid under reactive conditions to form one or more post-
20 treated dispersants.
A process for preparing one or more succinimides comprising reacting
a mixture under reactive conditions in the presence of one or more free
radical initiators, wherein the mixture comprises one or more of at least one
alkenyl acid derivative and at least one alkylsuccinic acid derivative and one
25 or more PIB/UAR copolymers prepared by reacting one or more unsaturated
acidic reagents with one or more polyisobutenes having less than about 32
carbon atoms and one or more polyamines. The acid derivative may have a
succination ratio of about from 1.1 to about 1.4. This succinimide may be
prepared by reacting a mixture under reactive conditions wherein the mixture
30 comprises one or more of an alkenyl acid derivative and an alkylsuccinic acid
derivative, one or more copolymers of one or more unsaturated acidic
reagents and one or more polyisobutenes having less than about 32 carbon
atoms, and one or more polyamines. This succinimide may comprise one or

more acid derivatives that have a succination ratio of about from about 1.1 to
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procedure. A 5.0 gram sanple of the reaction product of malefic anhydride
30 and polyolefin is dissolved in hexane, placed in a columm of 80.0 grans
of silica gel (Davisil 62) a 140 angstrom pore size silica gel), and el uted
with 1 liter of hexane. The percent unreacted polyolefin is determ ned by
removing -11  the hexane sol vent under vacuum fromthe eluent and wei ghi ng
t he resi due.abpet téntTherunsatirat¢dmsidio resfgent ingy campubaimsdeia@apbydtideg to t he

foll ow f ofn , |V in = ' . ' X100
sarpl e vei griemieafgREoRRaE kil RalGh 8 bBmpeRibt FERLRRER
succi ni ¢ anlapdsurdef pn od wf tubrisatirg) isdasite dnél maninbhempentafithisunr eact ed

| yol efi ing. t.he f | a;: Wi ght Act i = 100, - . P t
Cnr eact ed PotGOERHe mermartaey, abopt TLEFoh bAbRHIDN IHot P i kyl
succi ni ¢ sankydeihidé ant e 680w W0ave J RSabott oW, %ASHANVSIdT @S icafing =
Wi ght Percent Actives 100 | S The percent conversion of polyolefinis

cal cul at ed MSERFIh T RBIYRNtIYR MAYROMPIISE\RES %é“%lfm‘%i}'ﬁ@ncqﬁéf%‘éﬁﬁ@)nver sion =
s 425t o gl B0 Moo g s 2
t he starti ndgn fie npogeiof abamtetS09BOned et ubaboubdGthdegreesrhl and 8 mindwydri de) SR =
succinic ratain?mf?mft oﬂh‘&eglﬂcin(%io%l. kyl succi nic anhydri de product
10 This succinimide may be post-treated with one or more of the following
carbonates, linear mono- carbonates and poly-carbonates, under reactive
conditions. The carbonates may comprise ethylene carbonate. This invention
may comprise a lubricating oil comprising a major amount of an oil of
lubricating viscosity and a minor amount of this post-treated succinimide, or
15 more particularly, about 10 wt. % to about 90 wt. % of this post-treated
succinimide and from about 90 wt. % to about 10 wt. % of an oil of lubricating
viscosity. This invention may also comprise a fuel concentrate comprising a
major amount of an inert stable oleophilic organic solvent boiling in the range
of about 150 degrees F. to about 400 degrees F. and a minor amount of this
20  post-treated succinimide.
This invention may comprise one or more post-treated succinimides
prepared by treating succinimides under reactive conditions with a one or
more of boron oxide, boron halide, boric acid, and esters of boric acid. The
succinimides of this invention may also be post-treated with one or more of
25 boron oxide, boron halide, boric acid, and esters of boric acid. This invention
may also comprise lubricating oil comprising a major amount of oil of
lubricating viscosity and a minor amount of the succinimide post treated with a
boron compound. This invention may comprise a fuel concentrate comprising
a major amount of an inert stable oleophilic organic solvent boiling in the
30 range of about 150 degrees F. to about 400 degrees F. and a minor amount
of this succinimide that has been post treated with one or more boron

compounds.



It is; of course, understood that al keny! or al kyl succinic anhydride
products having high succinic ratios can be bl ended with ot her al kenyl
succi ni ¢ anhydri des having Power succinic ratios, for exanple ratios of
around 1.0, to provide an al kenyl succinic anhydride product having an
internediate succinic ratio. 10 In general, suitable succinic ratios for
the al kenyl or al kyl succinic anhydride reactants enployed in preparing the
additives of this invention are greater than about 1 but |ess than about 2.

Succi ni ¢ anhBBIERBESHRIATION OMTHERRABANGf about 2, when reacted with
ami nes havi ng_ o1 Sf gldy B0 dieBLLRARG b 0 e fisn, TBleFer Ry BRLaddeept od wi th

a cyclic carbonate, Tormgels. cordi ngl'y, Succi ros of about 1.7
or | ess are thedbremulasipreBErtad kibDughki@CaNBTh Eid. OF TheHohhablarébkemplalyE Pl Bl UAR

COPCLYMER On nbodi f thi i i | f d
herein a Zogqlﬁé""%l%/%ﬁ%ogé’ﬁcﬁol{)ﬁté#ga/% I%ﬂﬁ:tﬁﬁ%vgg %?)}ng ;rgye[)(ra‘eprfagar ed

by reacting a | owridh elepicas onieérabbdiftieRt vf 4 (M)aBSAS@huledtvith #Ci di ¢ reagent
in the presence of a free radical initiator. Preferred PlIB/ UAR copol yners

|
i ncl ude t hos€) PHBHATCsPRalymgiiavingA €7 laviraplecylanyeight palyispbuylgravrp v
mel ef i ¢ anhyidijdpresbiice 8@} )fl’é‘?ﬁ)jl&%‘i'etr@énﬁiné (TeYARat 188 §&4tkas oV ghh PI B and

wher ei n about 20 % or nore, preferably about 50 or nore, and nore preferred
about 80 % o (4ypolysbecinimide [Tdis polysusemirpidefmay be Ppst-tseatpd Wilbs

(
an Unsat 1 ar Ghoreil defboPal B8 A ho R RRbIVRIRARTE, o e, s 30

copol ynerized with a tow nol ecul ar wei ght PIB wherein about 20 % or nore,
preferably ?’S'glgw?&ggor nore, and nore preferred about 80 % or nore of the
ol efinic bo PI B conpri ses nethyl vinylidene. -13 Pl B/ UAR

copol yners may couidedian #higptent gplicationy wibtesridraiot vapitized)the mol ecul es  of
varyi ng nol ecul ar wei ght because tow nol ecul ar wei ght PIB used to prepare

! g L . 1L
Pi B/ UAR copdPienspg tefps hpvgdbafallowingangpaisgstniessspeeifically stated ul es of
di f ferents nolipeiligd wei ghts. Also, the PIBIUAR copolyner may 5 conprise

Pl B/ UAR copol yner nol ecul es having different degrees of
The term "PIB” is an abbreviation for polyisobutene.

The terms “low molecular weight PIB” refers herein to PIBs that
comprise less than about 32 carbons atoms.
The terms “low molecular weight PIB/UAR copolymer” or “PIB/UAR
20  copolymer” refers to a copolymer prepared using low molecular weight PIB.
The term "degree of polymerization” expresses the length of a linear
polymer and refers to the number of repeating (monomeric) units in the chain.
The number average molecular weight of a polymer is the product of the
degree of polymerization and the number average molecular weight of the
25 repeating unit (monomer). Accordingly, the average degree of polymerization
is calculated by dividing the number average molecular weight of the polymer
by the number average molecular weight of the repeating unit.
The term "polysuccinimide” refers to a succinimide comprising the
reaction product of a copolymer with an alkyl or alkenyl succinic acylating

30 agent and a polyamine.



pol ynmeri zati on. The PI Bl UAR copol yners have an average degree of

pol yneri zation of about 1.1 to about 20, and nore preferably fromabout 1.5
to about 10. The PI B/ UAR copol ynmers have a nunber average nol ecul ar wei ght
of about 10 231 to about 10,920. Anobng other factors, the present invention
I's based on the surprising finding that the preparation of the PlIB/ UAR
copol yner does nOrhe tequi"alkylvinglidese” ot "alkylviniaienetisanef' esfepgiordlefimnd t he

Pl B/ UAR copol r. i,s liquid at ient tepperatures., Thu t he PI Bl UAR
copolyrer o s poupivene BympBbe f Ravas e Era ardeas gikcbl® [ n-whi oh a
hi gh proportion of 15 unsaturation, about 20%or nore is in the

al kyl vi nyl i dene configuration, with an.ynsaturated acidic reagent in the
presence of a free radical initiator. succinic ratio of the PIB/ UAR
copolymer may be greater than 1 or le than 1. The PI Bl UAR copol yner nmay
be alternating or random The PIBIUAR copbl yners may have the general
formula: 20 Ter. x (O -14 wherein: X and X' conprise one or n@je of
-OH, -O hydrocarbyl; -NH2; -Cl; -Br; -Ow, wherein M+ conprises one

equi val ent of, one gr re tals nmoRpi_u or ,amne cations;, and X and X
Lake t oget hephemsRispOlsobtythebngigesiharhett 28 carbion dows g R f eger
from1l to 3;loRer apaikyl Sfesbomet iy bbolld carbph asstas.pol yi sobutyl having | ess

ef erably about 5 to about 25 carbon atons; 10 m

than 32 carbon atﬂ‘ms, r , (
conpri ses a whol e eﬁ?ﬁge?had'? UppefRT q9eny” means agagentihet Wil eyide @At eger of
from1 to 20tk Hy8FcdehY%r ABRIGen thdtafRUibshdcted U Ring £pSymBliYatdnt O 8;
reaction. Chain transfer reactions stop a growing chain radical and start a
new one in its place. Thus chain transfer results in shorter chains, lower

10  degree of polymerization and lower molecular weights. Typical chain transfer
agents may include mercaptans, aromatic compounds with benzylic
hydrogens, halogenated hydrocarbons such as carbon tetrachloride and
carbon tetrabromide

The term "succinimide” is understood in the art to include many of the

15 amide, imide, etc. species that are also formed by the reaction of a succinic
anhydride with an amine. The predominant products, however, are
succinimides and this term has been generally accepted as meaning the
product of a reaction of alkenyl- or alkyl-substituted succinic acid or
anhydride with polyamine. Alkenyl or alkyl succinimides are disclosed in

20  numerous references and are well known in the art. Certain fundamental
types of succinimides and related materials encompassed by the term of art
“succinimide” are taught in U.S. Patent Nos. 2,992,708; 3,018,291, 3,024,237,
3,100,673; 3,219,666; 3,172,892; and 3,272,746, the disclosures of which are
hereby incorporated by reference.

25 The term “Total Base Number” or “TBN” refers to the amount of base
equivalent to milligrams of KOH in 1 gram of sample. Thus, higher TBN
numbers reflect more alkaline products and therefore a greater alkalinity
reserve. The TBN of a sample may be determined by ASTM Test No. D2896

or any other equivalent procedure.
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Int. conprises one or nore initiating radicals; and Ter. conprises one or
nore termnating groups. 15 The Int. and Ter. substituents are a result of
the free radical initiator used to prepare the PIB/ UAR copol yner. Typi cal
(Int.) and (Ter.) groups may include: Rs- ERsS-ORs 0 0O Rs - C; Rs- OC;
'O RS- OCOR-ORs - C'"O (D) 20 wherein R5 is h~rdrogen, alkyl, aryI
al karyl, cycl oal kihe teankKSRY; rezfsttﬂtoaﬁamny:ca@myNum@ekemmayM| oal kenyl

| k I I I to 4
AL e B ineREY o b Rl es oA E RS i S B0l B elitdeds 0
al kyl , aryl, peacddirke |i ke; and R6 and R are i ndependent | y hydrogen, alkyl,
I | k I f d, enb | efi
anbydr i de 13 Used heerRe e e de dotdl 4t NOrBat i Pt TRaEhgH BB oduces.
Pl B/ UAR cs)poihxérpab@ed@fr@d@mrm@tje.h nSTM DIBM@Idrwtm dcivaIm: Tpr&cdi@fe X (E)
wherein R~, R2 m Int. and Ter. are as defined in romula (C). 10

ACl) LOW I\/I'J_EC,ULA %PWCP@MWEENEU'@M%OW‘& sapQuifiqation memben| ar
wei ght Pl Bs RC a?ellnir%ﬁb%ﬂ%ar‘ﬂ%o% AAivES (}S’I‘&Bn f(méakteﬁgl &W one or

nore of 32 ¢ h at ons, on a ar bon at ons,
16 carbon atsuEijnidaniyakrideproduct and the moIecuIar welght of the starting polyolefin.

The actives content of the alkenyl or alkyl succinic anhydride product is
10  measured in terms of the actives fraction, wherein an actives fraction of 1.0 is
equivalent to 100 weight percent actives. Accordingly, an actives fraction of
0.5 would correspond to 50 weight percent actives.
The succinic ratio of the alkenyl or alkyl succinic anhydride product of
maleic anhydride and polyolefin can be calculated in accordance with the

15  following equation

M, XP
(CXA)-(M,, XP)

Succinic ratio =

wherein

P = saponification number of the alkenyl or alkyl succinic anhydride
20 sample (mg KOH/g)

A = actives fraction of the alkenyl or alkyl succinic anhydride sample

Mpo = number average molecular weight of the starting polyolefin

Mma=98 (molecular weight of maleic anhydride)

C = conversion factor=112220 (for conversion of gram-moles of alkenyl or
25 alkyl succinic anhydride per gram of sample to milligrams of KOH

per gram of sample).

The actives fraction of the alkenyl or alkyl succinic anhydride may be
determined from the percent of unreacted polyolefin according to the following
procedure. A 5.0 gram sample of the reaction product of maleic anhydride

30 and polyolefin is dissolved in hexane, placed in a column of 80.0 grams of
silica gel (Davisil 62, a 140 angstrom pore size silica gel), and eluted with

1 liter of hexane. The percent unreacted polyolefin is determined by removing
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atons) and 8 carbon atons. More preferred (ow nol ecular weight PIBs 1 S
conprise fromabout 8 to about 28 carbon atons. Mst preferred | ow
nol ecul ar wei ght PIBs conprise fromabout 12 to about 28 carbon atons.
Preferred | ow nol ecul ar wei ght PIBs have a nol ecul ar wei ght of about 448 or
| ess. More preferred | ow nol ecul ar wei ght PIBs have a nol ecul ar wei ght of
about 112 t ahalhexandSaveihsidepradurint frdml tbeveluehtand aveighingthie rEsiBubas a 20
nmol ecul ar ight of abqut 168 t.o.abqut 392. The Pl f. this_invention my
be. i xt ur es CHCPHAINEARER PPERITBISedpteaaioqprana t s FalouafoguRar y i ng
nol ecul ar weights. A m xture of |ow nol ecul ar wei ght PIBs m ght conprise
any or all of Ce, C-2) C-6, C20, C24, C28 and C32 nol ecul es. One enbodi nent
of this invention may F%R%Uhr%é‘ctédbgydlb?iﬁ 2HetdeighioiResdie ougr wei ght PI B
nol ecul es that have been separated” accor di anpleVaight bon nunber. For exanpl e,
a PIB mxture may be distilled to provide conpositions that conprise one or
nore of C8, C-2, C-s, C2o0, C24, C28, or C32 -16 nol ecul es. Preferred | ow
ol ecul ars wei ght JileRgeight ﬂé?bént'a!&ﬂ%btﬂoﬂfheaélﬁer{ylﬂ@ﬁ@lk}rlfbﬁccmfceadlﬁ@ﬂdés_ a
m xture of varying nol ecul ar weights. A preferred | ow nol ecul’ar weight PIB
m xture nay Radectihealgplated feip the neygentg nuernied palgolefin ysivgdhe dermubhy
nol ecul ar weight PIB m xture may conprise the 5 10 follow ng: about 5 wt. %
to about 20 wt. % CBH~s) about 35 wt. % to about 55 wt. % C~ZHz4, about 20
w. %to about 30 WVeighbRereens Activdscti0B- Rercent Wreatiod Polyslefin. % C2oH4o,
about 2 wt %to about 8 Wt % C24H4g, and about 0.5 wt to about 2 wt %
C2gHbs. C32Hsa and hi gher species nmay conprise about 2 wt %or |ess of the
total. The ol efi fihe dutinesfrattion gitled alkkeryl or alkyhslcetid anhyaizidghs tHeinB may
conpri se about' %% %)or Jores preferably about 50 % or nore, and nore
preferred ad6iRUEBI @SS e of the al kyl vinylidene isomer. The ol efinic
bonds of a nore preferred | ow nol ecul ar weight PIB may 15 conpri se about 20
% or nore, preferably about 50 % or nore, and nore
. . WeightPercent Actives
ActivesFraction =

100

15  The percent conversion of polyolefin is calculated from the weight percent

actives as follows:

PercentConversion =

wt.% actives X My,
M, + M., XSR]

20

100 — wt.% actives]

MPO
M, + [MmaXSR]J}+[

[wt.%activesX{
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preferred about 80 % or nore of the nethylvinylidene isonmer. Preferred PIBs
i ncl ude those PIBs prepared using a boron triflouride 20 (BF3) catal yst.

- The preparation of PIBs in which the nethylvinylidene isoner conprises a

hi gh percentage of the total conposition is described in U S Pat. Nos.
4,152,499 and 4, 605,808. Low nol ecul ar weight PIB may be prepared directly
or they may aeeraindi stilled fraction of higher nolecul ar wei ght pol ybutene.
A(2) UNSATURATED ACI DI C REAGENT The term "unsaturated acidic reagent”
refers to miflefT OuBlbef ghayarage molecaias weighirof theestgaingrralydielimul a: O C - CH X
0O CHCX ( wh i X AR different) provided that at
| east one of@)lrgf aggﬁi;(&el&igagﬂa gh?’?ﬁ%ﬁs ca(p@[)l e of reacting to esterify

al cohol s, f d¥fn=asibderic ratio of dlkenyl ahalkyg ssiatinie anhydridepomivat or am nes, form

metal salts with,r t siycal cting netal, .compounds and
ot herw sg functi gr{g'gogfc é%egﬁ%étggértlﬁ%_élﬁe%ﬂ %%{"F@,Shﬁc'gﬁaar&%@g rise
functional grodyiss hinding highh steoipid ratio®osn be blepkled afith-&ther alkedy dr ocar byl ;

-OW when Mt re res%nts one 5 eﬂui val ent, of . a petal, ammni um or am ne
cation; - NHBUccipic.anhgdndes; having.lowep sucqini '%'Oéng’er?xa Bliosef aynds to form

an anhydri dey.o,Re ptviddhN alkénfnfhcdinicidthyatgd pidtict RSNy ATMeMYddistel uncti ons
can enter into acylation reactions. Malefic anhydride is a preferred

unsat ur at ed s¥éfigicdati@agent . Ot her suitabl e unsaturated acidic reagents

i ncl ude gl ectron el ; i ; I ofic anhydri de;
! ude 19 Erﬂ@ﬁ&hﬁ%ﬂ%l@&bé&mé% sg% the WFB%\WI sgﬁiﬁcnﬁ{c' ydri

mononet hyl, di met monochl oro, nonobr ono, 10t | uor o, oro and
di f1 uor o nulaghydridentepgtantieemployee iyprepaiirg thededditives off this invebtion angt ed

mal ei m des; .m . i i i iq. Kk .Qgen

mal eat es an r?aﬂgr@pgb?g%g? Qw@?& *h&@#ﬂg@é%@@%& %ﬁ}ygrsld% W?irﬁrsg?#{li'?c aci ds
and nal eani ¢atiss sfsiboan?, widremaicted With amirtbs Havingngreater thiar 4 nitrdgén FREE

RADI CAL | NI TI ATOR A fbeg’l‘{ adi 3al Ff%{]i é[i,lat or.is a nol efcul ar fragnment having
one or nor e ARIPEPEELNO pPoidreaipg With 8 ayglisgarBorate; 19Migsls ng a

pol ymer ijzat 'A@&ofcﬁ\?l&,'s@@cin%(}aﬁé‘é’pifétﬁﬁzt hFdbraass hrdl grefdrig. MY initiate the
copol yneri zati on descri bed herein. Such initiators are well known in the
art. However) the choice of free radical initiator may be influenced by the

reaction tepefAl EDPpESERIPTIN BFEfBE IRVENTRENT @di cal initiators are the
peroxi de-type polynerization initiators and tﬁe azo-type polynerization

initiators. HEPIRWARSCRAROIYMERDe used to initiate the reaction, if
desired. The peroxide-type free radical initiator may be organic or

i norgani c. O ganfQneferalodimgntef thisinvantipnissa rapolineerafesed tnbergin 3%r mul a:
ROOK' rei i y i i i one or nore
of hyd\nggen t@?\giﬁgﬁéﬁﬁf@é}f ﬂ@?/%@@b@?ﬁg?’%ﬁ@%% ani ¢ radi cal s,
pref er abl y 3€adtipdradloarrboleular weight Bilwil ph unadiucatied Jacihe reagegt inithe desi r ed,
substituents _such as Bal og ns, . Prfferred per oxi des include di-tert-butyl
per oxi de, t@rr?s-eﬂ'ﬁ?)ﬂ all&fd! §'|83H96'8 %, and di cunyl peroxi de. Exanpl es of

ot her suitabl e perefzirde PIBAAR bopolymersviagiude thdskrim tvhitty, an aedatelateaenzoy|

peroxide; | aalé{dcl)(}/ rleaggrrlt?)r%o%ﬁ)re%rgglg/ rrtlglgltcia%rh drkl) e“fsI C ;‘?&;‘?&%Eﬁéaesd wi-thlg low

25  molecular weight PIB and wherein about 20 % or more, preferably about 50 %
or more, and more preferred about 80 % or more of the olefinic bonds of the
PIB comprises alkylvinylidene.

More preferred PIB/UAR copolymers include those in which an

unsaturated acidic reagent, most preferably maleic anhydride, is

30  copolymerized with a low molecular weight PIB wherein about 20 % or more,
preferably about 50 % or more, and more preferred about 80 % or more of the

olefinic bonds of the PIB comprises methylvinylidene.
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2, 4-di chl orobenzoyl peroxide; tertiary butyl hydroperoxide; cunene

hydr oper oxi de; di acetyl peroxide; acetyl hydroperoxide;

di et hyl per oxycarbonate; tertiary butyl perbenzoate; and the |ike. The
azo-type conmpounds, typified by 5 al pha, al pha' - azobi si sobutyronitrile, are
al so well -known free radical pronoting materials. These azo conpounds may
be defined as thdﬁsﬂhuangomnmﬁﬁmBymnnmheeanhmnméef@MumpbcMuNwewwErein
organic radi ast i,ch is, preferably

| tisfy the bal
o Pathed o BB BpRRUES ot wpryig TheRRIRH wilont BECusB]Su e Rel Lo e

are not |i mpigdided, to@r@@éﬂbsmedp@mermb@né}an i@k of individual
p- tonIdlazoanlnobenzene - brompbenzenedi azoni um édrOXIde azonet hane and

phenyl di azorff‘BﬁPH&F|°ﬁ€§fe"?-f\‘ténbﬁ'?%ﬂ?’é”¢'9§t§ G0 3R PIRIBARSARMRY TaY be found
in US Rat.coiprisé: lﬁﬁ%ﬁﬂ%opbﬁﬁié?%d\@éﬁl@s havilditiBreidbgfeslpgpey. The anount

of free radical initiator to énploy, exclusive of radlatlon 15 depends to
a | arge ext eralyroerizatienparticul ar initiator selected, the Iom/nDIecuIar Pl B
used and the rea Lhiat &

ol Ubi 6. i 1 the.r anert BrOnR oba srEpBle i Gab Uebich oohpeinbligl o ° oy
be between adbmut 10. 10Gbolt 20carelaate ﬂe&zréblyﬂoasalmdumrﬁ td alicut 1peiheol e of

aci dic reag ef erred anounts bet ween 05:1 .and about 20
55101 1 mor SRR OpBIFsT: b A TpEeE A PO R SIS ORI Rt Ly & | &

suf fici et | 231 9habodt 10,626, Aavdhgt dtRe faerd, gk ?@sehﬁht/ératdhns baséd efluce t he
desired free radical s, The half-life val ues known free radical

initiators dhesHmrsing findipsihat inederaration afihe\PIBIIAR sepelymenoes,aot _
literature. rS8fice fr@us@@%%hafatr%éﬂ eg%ms?énd t'ﬁ'é%BRéWR%b&yH&r gol ution”,
John Wl ey and Sons, New Yor k Alternatively, the half-life
val ues are diggid @ttﬁr@blemdﬁmpnéatvmsl J@ysﬂbgﬁ?le&R@opwvr@er&a@nmaparedu tiators.

Table 1 | di cal
i tiator s a EAER low it PRI H1En Whloph BTROndlod 6FC 170" °°

t enper atidr e unsgturatish, boul2 (% e mard iial the alkylvatytiderteocanfigukationawilpeci f i ed

half life. 30 As | e er,the half-life te a t he | ower
the hal 11 a0 e wetaasidic Sentedf' the dresgee of agee dRALAKEIGE r- | Fe
TEMPERATURES OF ViRl dddainidiatio We@B/UMWWEr%y&FﬂE@e&&%MLET LI VES 5
Hat f - Li f eFree Radi cal InitiatorsTemerature in de rees C5 Mn.10 Mn. Z
Hrs. 5 Hrs. 10efsthendl TPF AbEAENR gerclime By Pedsinaing - r %“LHO"P The
er oxi dedi - t -l ARRD 5@@@4@ b9 Wb RS deistar orfyih; per oxi del611541311231172,
5-di met hyl -2, 1641571341261205-di (t-bufyl peroxy) 1341281069993hexane
PeroxykeXal s: 1, 1-di-tann | erox

Cyclohexane85796054490 per oxycarbonates: di-eth | hex | erox
- bi carbonat €10296766964Di gcyl Per oxi des: di deca | eroxide In carrying out
the process of the inventjfon, a single free radijcal initiator or a mxture
of free radical initiatorg nay be enplo exanple, it nmay be 10
desirable to add an initi [ osition tenperature as the
mxture is warmng to reagti hen add an initiator
havi ng a hi gher deconposi tji i
reaction tenperatures. Al
bot h be added prior to hegd
havi ng a high 15 deconpos
woul d | ater becone act it
be added over tine. For e
half-life, e.g., 5-20 mn
initiator may be added ov

onﬁin tlion of initiators could
fion'ln fthis case, an initiator
uldinitially be inert, but

as the tenper
anple, if an
tes, at the rg enperature, then the
r a period of!fine so that an adequate

X

(C)
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20 concentration of free radicals will be avail able throughout the reaction
period to give inproved yields of the desired product. -20 A(4) GENERAL
PREPARATI ON COF PI Bl UAR COPOLYMER The PI Bl UAR copol ynmers may be prepared by
reacting a | aw nol ecul ar weight PIB with an unsaturated acidic reagent in
the presence of a free radical initiator. 5 The reaction may be conducted
neat, that iwhereine | ow nol ecul ar wei ght PIB, the unsaturated acidic reagent

and the free, r initiator are in the per ti o, and then
atirreq a ohan Eaembiie afh g mel o Bl "Fenchv iR e T L s
sufficient to resuBg J—fDMhewﬁelﬂéﬁﬂﬂtdoﬁidrt»ée@@ﬁ@'eﬁhﬁamwﬁér’ié &mefe t he
reactive isoners of the | ow nolecular weight PIB 10 to the PIB/ UAR

copol yner. Sui t afteialsea@maniies pEAMing catienpante &ranshi takRitosethesdes, with
preferred reacti anotlBBSshE MREAN bWRydHad; ten hours. The | ow nol ecul ar

wei ght PI'B) unsaturated acidic reagent, and free radical initiator may be
br ought t oget e wheleamggeiframy te Fmnner. No sol vent is required. The

i mport ant fqgt(% é@n‘»éﬁn' jmat e contact of the |ow nol ecul ar 15 wei ght PIB
and unsat ur at <rdr ¢ re’égent in the presence of a free radical agent. The
reaction) fd®; C@xrmrisbeporympbbe/l bavidg tessdham 32 chdvoohatayst prefarabipiabolt t he | ow
nol ecul ar wei ght _PIB,is all initially to a m xture of unsaturated

aci di c reagent and® @P&ét 8?" QD aAP®i at or.  The | ow ol ecul ar wei ght PIB may

al so be 1@dd&dcbmpﬁg@§, Biaod wéger@enbmnuml y to the other reactants. 20
Alternatively, the reagents may be conbined in other orders; faor exanple,

t he unsatur d‘t‘&fl“%[&ﬁeélacwh‘éﬁg@ﬁgeh?ﬁmc"? ddo el gpretarablyiappyt Bto ‘ﬁ%@PtHQ added to
l'ow nol ecul ar weight prdiBrabljg1&8Mponents in the reaction mxture may al so
be added continuously to a stirred reactor with continuous renoval of a
portion of tlhlecpmptises oneoameeipitigtipg radi¢als;@ndt o ot her reactors in series.
The reactio t I | ar reactor in which the
conmponent s rrnraép% rg&d%lsg) atcﬂgﬁ%r@é%?ﬁgéﬂw%%i Pg al ong the tube. The reaction
may be cldnduct ed Tat lat. bpdjer.aubstituentsae atresBDofdbg freegadicaltivitiatoout 210

notea 1 t hRERS PP e BERRF o DT b (D EAPe) SPPPE 8, of o r

that the poliydgigdd:-zation tenperature is sufficiently high to deconpose the
free radical initiator to produce the desired free radicals. _ For exanple,
usi ng benzoyl peroxide as the initiator) ©he reaction tenpe&ature may be
bet ween about 75 degrees C. and about 99”degrees C., prefg£rably between

about 80 degrees C. and about 855degr s C. The degree -21
pol yneri zati off is™i iersePy proforti énal to Fie t@iper@ture. Thus, higher
reaction tenperatures are pref erred for\preparing Pl BI U&Kcopol ymers with a

particularly | ow degree of polynerization. In general, afte —the reaction
is deenmed conpl ete) for exanple by NWR anaIyS|s the reaction mxture is 5
heated to deconpose anereS|duaI initiator OFor a di-tert-butyl peroxide
initiator, this tenperature is typically out 160 degrees C. or higher.
When the | ow gpl ecy] ar wei ght Pl B).st he Uhsat urated aci dic reagent and the
free radical Initiator feact to form PI'Bl UAR copol yner, the Pl B/ UAR
copolynmer that is fornmed hel ps di ssolve the unsaturated acidic reagent.
Thi s LO phenonenon facigitates the reacti onOof—unreacted | ow nol ecul ar

wei ght PIB, unsaturated acidic reagent and free radical initiator_. In Ilght
of this phenonenon, previously forned PIBI UAR copol yner nay be udBl ¢
facilitape RReréiRFetis ﬂg@m@énlakwm&pewawr WRIcaIKy!, Blu&x?q o& ed aci dl C
reagent and free radic initiator reactants. Usin e Pl B/ UAR copol yner
to facilita®eyk alkenyl, eyglealkanyh lkvavk ef akyleaw or ﬁ'@?%’i prtianafly e heel process.
A preferred sUE§th91@dtvﬂtHJ§?oEQGbﬁltlﬁ’éﬂt’@ﬁo%ﬁ@%éfﬁ@rselé%té&‘ﬁorherﬁt'rllepk@t%es5 is to
conbi ne the | ow nol ecul ar wei qpsatuiated acidi c reagent and

Pl B/ UAR copdriagen; nitteaglkylhagyl, camﬁlﬁhﬁalre andiiy’ anskidt perindepgnsieatiyir e and t hen
add the fre n ntaining a suitable reaction 20
tenperature%yqﬁggﬁgé%@ 5@!%ﬁ8ﬁg2@@%ﬁgﬂ@%ed in batch or in continuous node.
The PI Bl UAR copol yner for use the heel process may be obtai ned by retaining
a portion of the PIB/UAR copolynmer froma previous run. Preferred PlIBI UAR
copolyners for use in the heel process include the copol ynmer product of

mal efi ¢ anhydride and | ow nol ecul ar weight PIB. The preferred 25 vol une
ratio of PIBIUAR copol ymer to tow nol ggul ar weight PIB in the heel process
is between 1:1 and 1:100. A nore preferred volune ratio of PIB/ UAR
copolynmer to | ow nol ecular weight PIB in the heel process is between



1:1.5 and 1:4. The heel process reaction nmay be conducted at a preferred 30
tenperature in the range of about 90 degrees C. to about 210 degrees C.,
-and nore preferably fromabout 130 degrees C. to about 150 degrees C At

| ower reaction tenperatures the reaction m xture may becone too viscous and
may require a solvent to obtain satisfactory reaction. -22 The heel
process reacti on |ARypreferiét®botimeRRWHBNRAAERShNYAride BAUNHLQHE Process.
The reaction tenperature range may be about 90 dégrees C. to 210 degrees C.
and pr ef er abV¥Rsaiyatad acidic eageab dheoreacion srodyegs EMB/UAR ToRolymeest ur at ed

aci dic reage t et . 5 range from1l to 2 noles of

unsat ur at ed @%Fgﬁﬁﬁggﬁggﬁffg@?“ﬁ%hgﬁt é/'methyl vi nyl i dene i soner of PIB.
Typically) the free radical initiator may be charged at about 0.1 noles
initiator. per about 1.0 noles unsaturated acidic reagent, although this my
vary. The reacti on may be carried out at atnospheric pressure. At higher
tenperatures, it may be desirgble to pressurize the 10 reactor slightly
(i.e., 10 psig) to suppress tfte | oss of upsaturated acidic reagent to the
vapor phase. |If a batch reactjjon is used, AR copol yner from a previous
run and | ow nol ecul ar wei ght tjo the reactor. A
sufficient ratio of |ow nolec | Bl UAR copol yner to assure
conplete 15 solubility of uns pgent in the m xture at
reaction conditions is prefer pol yner i s not added at a
sufficient level so as to mai rated aci di c reagent
solubility, the rate of red®ffjon may be n y.af fected, and the
formation of resin nmay be likigly. To nmaxip r ctor productivity, the

m ni mum anount of MBHMRmmUymrtmu_§200thmltonmnuﬂntmm
solubility of the unsaturated—acidic reagent char'ge should be used. The
reactor may be stirred and heated to the desired reaction tenperature, and
the unsaturated acidic reagent and free radical initiator may be ded at
the appropriwh&eln REIR, ABH, dUhi. ABd TRy Sars e RlefiRed i fobmula (@@s Wil 1 vary with
tenperature, concentration of reactants, and types of free radical 25
initiators. Wien the reaction is conplete, renoval of any unreacted

unsat ur afed Rﬁ')@@wrWBECHLWmeCp@EVIﬁBGTENE {MBgasi ng the reactor
tenperature to about 150 degrees C. to about 250 degrees C., preferably
about 180 degreedreferied lewy nlequiar weightdiBscompyisellessdbpnybabt suf fi ci ent

vacuum  Thi ssPERBSHYISnE o0 kB, b BPARAPARS: AAoRGHANE! A%cdpeg 1 ad! ca

(U

30 initiator. e redction | un contl nuous a cont'inuous stirred
t ank react oratpOSTR} catbosertdras, 2f cagbam atopes: t16rearbaryatomsu 4 2gartiing,
unsat ur at ed L dic agent,_.and e radi i niti I fed
cont i nuousl yaqéwga?)’b(i gﬁgfbéapeat?rgf 'eyog Péegfe?%glﬁ% HP!‘?C@% V'(’:eg&yttaﬁqﬁsl evel of
conver simn ofoniprizerfeme bhodtss fotabou? 38 carboRl dbddRViosereformsd lowt i S envi si oned
that the product strea omthe reactor th is h ed to tenperature in
the. range’ ofMABEUET WEBMH IS A BBAM BHIs el SBSAEONATSr o er abl y | n
the range frograRUbwIBOREF RE/HEPIBsthaveinokYiH @i of Gbolit4stdr p of f
any unreacted unsaturated acidic reagent 5 and to deconpose ani r emai ni ng

g

free radi callessiMorapseiernca lymolraylaiivaiold1ds bave 8 maleryipt welght ehovi ng any
unreact ed ungRfh 3 eatsit 309, MAYBRIFerréd IowmBREuR Yeftht HIBthag av ped film
evapor at or or S|n1Iar_t£pes of equi pnent nmay be suitable for this type of
oper ati o}, |molgewar weighhet ahout AE8 teakewt@92i s deened conpl ete, for exanpl e,
by 10 NWVR anal ysi Q0 14 I y

resi dual i ni i 4t OF® (RS of B ARG bYbE i haGb Aol fuaPERTRERE AR

t enper at ur e weightyRiBaablegulebotivaryisg nidgcwdasweightssi A quixtuteuefiowi s not

necessary to prepare t B/ UAR copol yner b e y.be. used |f desired.
Then: a1 uentmbEcaanyGBEP BBt orPags an Rt of e C1e G acpt: Bo P
reactants a%mgm&&géﬁlg?gideﬁé@dﬁﬁ@ft@fﬂﬁﬁing@ﬁii@ﬂnﬁy&@hﬂéﬁﬁé tméuwtd e
necessary to prepare the F copQ r ut one may. be useqd i esired.
Uhen o 01 velion BB asieties Kot brde beeh fepuitettoRingla s and
product s f orggsbrafigmbécimirekdmpRUiat B! RixGRE Hedl IS GRMIddG! preddacet one,
tetrahydrofuran, chloroform nethylene 20 chloride, dichloroethane,

tol uene, di GOMROSIORE hal SERPERR ONRPr 8148 of Gp, G 1eCre ko Bl GeeF C3rmy be
renoved after their usefulness is no | onger required. The Pl B/ UAR copol yner
product may be conveniently separated from any sol vent used and any
unreacted acidic reagent by conventi onal™ procedures such as phase
separation, solvent distillation, precipitation and the |ike. 25 Though not
requi red, dispersing agents andl or co-solvents may be used during the
reaction if desired. Using a chain transfer agent to prepare the Pl B/ UAR
copolynmer of this invention is not required. A chain transfer agent,

Y o o N 1



B. POLYSUCCI NI M DES One enbodi ment of this invention is a polyner that may

be referred to herein as a PIB/ UAR copol yner succinimde. This pol yner

- pol ysucci ni m de and may be depicted as the general formula:

Ter.

5 x (H

wherein: Wconprises one or nore of: RO ~ -N~ R3 0 and R4 10 R conpri ses
at | east one of: one or nore polyal kyls and one or nore pol yal kyl enes, eac
of whi ch havmoikeculesbePrederesdhige moleedlal weight Pifs oidthisdhvérdmstaraimse 1000) |

ot a0 1o 4280 bt A B AR SR

radi cals; 20 m copprises

is a

h
S

» R2
Xoé‘Y ably about 5
to about 25 gaideorar e PIB ndQiTy maghaod thedkl, bPasoRalspasiabeut 241Ki ng

nt e froml to 3; n conprises a
whol e i nteger of *PEeTeY g)vgmo|e§51arwe%%gﬁ%m|§t@5e @aW?BW"ﬁﬁtﬂéeger of from1

to 20, prefefmblvingalelit 2wi. O%QB@ldbutl’ﬂ) wilBb @_f_ﬂﬁse%ﬁb@tbéafw? % % Sbodtnt -

COITpI'ISE,‘S one or nore initiating radicals; rses on

e or

nor e

termnating 89 #p%:Ciaz. APRIOWIRS teraborh 38 ma. %rﬁleﬁemééﬁtﬂl §whyditdgen,
al kyl, pheny%bouﬁrﬁt\ﬁk%‘c tbaggﬁt AhE /ﬂd‘%&cﬁf?g Q% Vi9.:2a ﬁﬁdi B8 PHRt The

corrpound of formula consi der /UA cobo

2 wt % or less of the total.

10 The olefinic bonds of a preferred low molecular weight PIB may

comprise about 20 % or more, preferably about 50 % or more, and more

preferred about 80 % or more of the alkylvinylidene isomer.

Mer succi ni m de
and i s produfeto abput Aevt t"/e@eaHs@nC@jl—lsaami Bigh&Rspecies may comprise about

The olefinic bonds of a more preferred low molecular weight PIB may

comprise about 20 % or more, preferably about 50 % or more, and more

15 preferred about 80 % or more of the methylvinylidene isomer.

Preferred PIBs include those PIBs prepared using a boron triflouride
(BF3) catalyst. The preparation of PIBs in which the methylvinylidene isomer
comprises a high percentage of the total composition is described in U.S. Pat.
Nos. 4,152,499 and 4,605,808. Low molecular weight PIB may be prepared

20 directly or they may be a distilled fraction of higher molecuiar weight

polybutene.

A(2) UNSATURATED ACIDIC REAGENT

The term “unsaturated acidic reagent” refers to maleic or fumaric

25 reagents of the general formula:

o o

N\ /

C— CH=—7CH — C

/ N

X X

G)
wherein X and X' are the same or different, provided that at least one of X and

X' is a group that is capable of reacting to esterify alcohols, form amides, or
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copolymer with a nononer (the al kene or al kyl succinic acid derivative) in
10 which the nmononer is |linked to the polyner units by a polyam ne |inking
- radi cal . Because the PIBIUAR copol yner succininmde m xture nmay contain
about fromO0.5 to 10 equival ents of al kenyl or al kyl succinic acid
derivative per equival ent of PIB/ UAR copol yner, and about fromO0.4 to 1.0
equi val ent s amingsialtamitheanyapniequiamines, forof mgtaklseltwwiﬂmreaa;ltikqnmas ioni ¢ aci d

der i vative Aldtfaho EARPHRSORMITRLS RO erBlsEYGhAIER s RYEIABD o8

presented in presént, ng on the
rati os of ald@mﬁ qulcanyqu ant X! mmpmfdndmavmupethﬁmmmmmr and

pol yam ne. Ter 0 0.R (J).(K R~-, and RZ, Z, m

n, x, Int., éporgrcg '—k%_'%drgﬁé@ﬂ b—ecsw'l'*wx?%*}ulrﬁpr@ﬁﬂams%\e exanple, if

the ratig ofe@;mlofarmabkuéhnﬁmsmnbparambctaﬂsﬁIwwe—@ﬁr—sqwrval ent of

unsat urated aci di c reagent copolyner is 1.0: 'and the ratio of gl yam ne
Ypl

to the sum dekemtoggthes AyandK’ TQPK esufct ﬁPéSé‘éfQﬂm%ﬁnthﬂéﬁ Rigferg us
unsat ur at ed ﬁsh&llxcareeamhapwelcxrﬂa&¥|t§ruﬂc&n% cah%ﬂiﬁﬁtb 4ign (H) woul d

predom nate. However, if the ratio of alken or al Inic acid
derivative pgeactiansi Malein anbydridess wmfcﬁp@uyasmurat@d g¢lé@treag¢n’ia@tr@r1 and the

210 of POl ANbASREL SO A Rao Sl beBlo B HH PSR RR S,

derivative us unsa urat I C reagen
struct ures (rﬂﬁm@ﬂhﬂzn&lﬁhal&:d énrmﬂaderrmm:hméthyhdmnéMylsmﬁnGcri{oﬂon addition) if

the ratio of al kenyl or alkylsuccinic dderlvatl i val ent of
PI'BI UAR copdTgRairome. Bioaaiigros Siso andiibeansgeiangrnqa. fpBegm ne to
al kenyl or ahkpingide @hBicthatGublsittedaaleMfdes; YsonthIBIlES; saRatiy BB,

maleic acid, alkyl hydrogen maleates and fumarates, dialkyl fumarates and

maleates, fumaronilic acids and maleanic acids; and maleonitrile, and

15  fumaronitrile.

A(3) FREE RADICAL INITIATOR
A free radical initiator is a molecular fragment having one or more
unpaired electrons that are capable of initiating a polymerization reaction.
20  Any free radical initiator may initiate the copolymerization described herein.
Such initiators are well known in the art. However, the choice of free radical
initiator may be influenced by the reaction temperature used.
The preferred free radical initiators are the peroxide-type
polymerization initiators and the azo-type polymerization initiators. Radiation
25 may also be used to initiate the reaction, if desired.
The peroxide-type free radical initiator may be organic or inorganic.
Organic free radical initiators may have the general formula: ROOR' wherein
R comprises any organic radical and R' comprises one or more of hydrogen
and any organic radical. Both R and R' may be organic radicals, preferably
30 hydrocarbon, aroyl, and acyl radicals, carrying, if desired, substituents such
as halogens. Preferred peroxides include di-tert-butyl peroxide, tert-butyl
peroxybenzoate, and dicumyl peroxide.
Examples of other suitable peroxides, which in no way are limiting,

include benzoyl peroxide; lauroyl peroxide; other tertiary butyl peroxides;
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I's about 1.0:1, then structures (H) and (K) would predom nate) when Wis
NH2. In addition to the predom nant polynmer of formula (H), (J), or (K,
the 15 reaction will typically contain nore conplex reaction products and
pol ymers because of conpeting and sequential reactions, and because the

al kenyl or al kyl succinic acid derivative m ght contain nore than one
succinic an@@rdnqﬂx&)mbér&toyl pEoxidengrtenabotybhydroparoxidekewyéngr oup or contai n

unsaturatedaldlcr rs ferrl toforrrulas(H), (J), or
(K), the prdW F?P&&O’&@%%ﬁ @p(‘??o’g%‘?rﬁ&ﬁ&(ghﬁ%ﬂ%' are those wherein Ris a
PI B having anetwpefoxp@émsﬁaelﬁa%r@adtysa&@enfbateSan'u tetikg! , R2 is a low
nol ecul ar weight _PIB;, Zis a yam no_ radi cal having about from3 to 7)

more preferably, THERAFO- ‘Xp?éo'ypﬂ‘i"?%@@i*f'egt% and 8 to 20 carbon atons; and
X i's a weol eyhit SBR% HlobiR gﬁ%ﬁtrﬁ@ra?é’gﬂo%&ll -Knhn freeg(ah}ca$§}grlﬁ CF THE

POLYSUCCI NI M'DE A" succli ni m de “conposi tion conprisin | B/ UAR copolyner
succi ni m desnatesialseT hesgpazcecbrpgoundstroay bedefirned aﬂe@pseﬂawhgwes&ntm kenyl

SuoC1 122t AR Lt e B BB RABL KRR OB 0o °
HzN- Z- NHz ~ ¢4t 658 HEQhMNNE Prefe@bly( Atached 1& a2értiafy carbon. Other suitable
azo compounds include, but are not limited to, p-bromobenzenediazonium

10 fluoborate; p-tolyldiazoaminobenzene; p-bromobenzenediazonium hydroxide;
azomethane and phenyldiazonium halides. A suitable list of azo-type
compounds may be found in U.S. Pat. No. 2,551,813, issued May 8, 1951 to
Paul Pinkney.

The amount of free radical initiator to employ, exclusive of radiation,

15 depends to a large extent on the particular initiator selected, the low molecular
PiB used and the reaction conditions. A preferred initiator is one that is
soluble in the reaction medium. Preferred concentrations of initiator may be
between about 0.001:1 and about 0.2:1 moles of initiator per mole of acidic
reagent, with preferred amounts between bout 0.005:1 and about

20  0.10:1 moles.

It is preferred that the polymerization temperature is sufficiently high to
break down the free radical initiator to produce the desired free radical s. The
half-life values for known free radical initiators at various temperatures are
readily available from the literature. See, for example, C. Walling,

25 "Free Radicals in Solution”, John Wiley and Sons, Inc., New York (1957).
Alternatively, the half-life values are available from the various suppliers of
free radical initiators. Table 1 lists the half-life temperatures for a number of
free radical initiators at a given half-life. The half-life temperature is the
temperature required for a free radical initiator to exhibit a specified half-life.

30 As arule, the higher the half-life temperature, the lower the half-life of the free

radical initiator.
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wherein R, R-,

R, Z, X X,

n,

(Int) and (Ter) are as defined herein.
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(reactant A of reaction (M) and (reactant B of reaction (M) alkyl

succi nim de, is preferabl emoved fromthe reactio stem dur.j.ng the
course of the redBERBHNG Lt BRSPS ol dfe BHCatan asinge TERHANET Ol or

d: still gti Oror %ﬁmﬁrercﬂa@birediciﬁllomml%gé Ay Hermn;gwécﬁmdggxadmmnrnhwc ) ag

el evat ed, tenperatures (typigca egrees C. to egrees C.) an
reduced Iff esdgsiratleitg aﬂé%\)%'%am%%rwﬂ?& d@&ﬂﬁ'@ﬂ%‘h?g%qrﬂ%?raﬁrﬁﬁaﬁg‘?)resent in
the product . mauré B Wikt 1J HachbiKENberBRrALINIHRERELbILR ifBhiar RERhYAT! VES

Al kyl and al kenyl succinic acid derivatives having a cal cul ated succinic
higher decomposition temperature as the mixture reaches higher reaction

-

temperatures. Alternatively, a combination of initiators could both be added
prior to heating and reaction. In this case, an initiator having a high
15 decomposition temperature would initially be inert, but would later become
active as the temperature rose.

The initiator may also be added over time. For example, if an initiator is
chosen with a short haif-life, e.g., 5-20 minutes, at the reaction temperature,
then the initiator may be added over a period of time so that an adequate
20 concentration of free radicals will be available throughout the reaction period

to give improved yields of the desired product.
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ratio-of fromabout 1:1 to about 2.5:1, and preferably fromabout 1:1 to
about 1.5:1, nay be used in the present process. Mre preferably, the alkyl
or al kenyl succinic acid derivatives have a succination ratio of about from
about 30 1.1 to about 1.4. Mst preferably al kyl or al kenyl succinic

anhydri des are used. Accordingl ﬁioal kenyl succinic anhydri de prepared by

the ther mal AlddSENERAL PRERARAJION &0 BHR/UARCORAQLYMERI succination ratio
of material prep i [, St YRI I .10 4) and because
the product is e?@gﬂ?lgéﬁ@ céﬁ@gﬁéﬁsz&fa&?g %flgbn%ghc I%?&Wé?%wnot used in the
synt hesi s. -rdSleculdhweigbt PIB With anainsatucatad acilidrnedyentdnitise plegsenesacta on
product of ol yal kyl.ene (preferably polyisobutene) with malefic

anhydri de. %ﬁ%\/@ﬁfc?t?{fﬁﬁ'aqﬁbl yi sobut ene) or hi gh methyl vi nyl i dene

pol yi sobyt ene mayhbgesd@RA iy bEoRdaied AbatOthadls, MECiBwiRbkaLIkY WAt Succi ni c
anhydrides. Thermal, chlorination, 5 free radical, acid catalyzed) or any

ot her proceddBpibg unsatysalgdiagidiqieagsptand theiftae radicahinidaloparescambingd

pol yal kyl en Wal! h i ; ; i sobut enyl succinic
Bohydri dey o PioBeF 1B i e o e b Do on 1 A
descri bed i n U. SThpaeagtionNmme B, uspallgedficiantioxeswlbindhe shisstastiallynd

chlorinatio A j I 764: . high succinic
ratio Pl BSA%SESDE‘E?F&@W%%!OB%%T ﬁ%éetgg%e ﬁgﬁ%ﬁé Eg{ﬁeﬁégm% q%‘?@%l ht(qiélgcri bed in
U S. Pati@nt tditiee PB/UAR cdpolyamet. Suitatile Adstioh tiglessuay be betwesini aneRaidy Pl BSA
descri bed i . S. Patent _Nos. 5,565 528 and 5,616, 668; free radical PlIBSA
descri bed 1 rPAdirs lrERREIRE! redeBaRimes bEMesRgwEA Ieh HOMSE5 004 Pl BOA
nmade from hi gh ”th%wlnﬁb{éctlﬁﬁrﬂﬁe%ﬁt mel vhshtertedlasaicirbggeritNarld free Pat ent  Nos.
4,152,499, 5,137,978, and 5,137,980; high succinic ratiro Pl BSA made from

hi gh met hyl vadigali intiadorgaay be beetigh togetheas dnjapy stitablg Banneat Nesolsgpl i cat i on

5, 700, 720, SuTES R dRpaf BELKERE e PRRRLIES R shoicbud OO o

Eur opear 520 weaghd iRIB Al ursaturated Reislic temgeohintioe pERebde oB8Greeaadicgiuri fi ed

Pl BSA descri i . Pa 417 .Eur.o t

Appl i cation a%%ﬂ} i@g'y F%‘ﬁt'oﬂo*&%&a%lglf W%%ndél? %%I 'Eslé u?’ag@?%ﬁgggﬁ of these
docunent s i whictcthedowahadchiarweighbyiB isfagtled ad initiallylteiarmixtireoét y. I n
accordance with the.invention), the al keayl. ar  al kyl succi,nic anh i de 25
oot oot T s UnisthutAlGe PR BB At A nech P B TTBETRREEEh na
Mv Mh rati o PB raylalke be:aidedi thtarniittehte srasbnenboli®the ot rehdtamyl or al kyl
group of the succinimde has an WMh value from 1800 to 3000. Mpst preferred

are al keflyl Adermatigly, tigysagenia may bracembinad invether oxdesynfoio@mre.2Beo.

Sui t abl e pol,yghefit8d BeliehgeMUnd FACHARAI Witdor PRhEbL Gaabd¥slibhde incl ude 30
pol ymers conprising a ng$or amount of C2 to C5 nonool efin) e.g., ethylene,
propyl ene, tRlgtWareyveighi:iBut Theesrmpenenieinttba éeactine nistuyeraay akebae

homopol yer $gsy¢ nﬁmogewwmlrggaor i EBhinuRBs FARBLABR bolorf g0 O DT e
such ol efins, such as copolyners of: ethylene and propylene, butylene, and
i sobut yl ene theeproducl thex recoperly yrai er toredherdeacttsio serieshl ehreactiommay - 30

anount t I, A 9 4 to C8
nonconj %éat ggsoglgg%)bﬁ%%m gq‘gmgé’%éé@{)ﬁb‘#@% h glfe %@%ﬁ%tsﬁr{@ y%@%? 2aéi ene or a
copol ymer ofonetdnyhaa®oints alpnhenetubed 1, 4- hexadi ene, etc. A particularly
preferred cl ass olefin polynmers for, reaction with | efic 5 anhydride
conprises the po%ﬁtﬁ?%‘@g,"?%g%ﬁo'%ﬂ@?%%trﬁﬁewe@t”b%ﬂé%ﬁzati on of one or
nore of 1- bgpeRQreed GUotIMRUERID HEGRES €N prefesasg frahl ybslR A0 RikeesaT e

pol ybut enes containing a substantial_ proportion of units derived from

i sobut ene. 1habpdilpRiAesrresay Asdvted iR the seftidnisgatdngtediadieflene, which may
or may ngt ReiMBORROpRI&HEd that (e rﬁwaﬁoﬁ&ﬁser@mr&wmﬂ&gnwﬁagﬂo readily
avai |l able comrercial nmaterials well known to those skilled in'the art.

Exanpl es of ipdecwapesesthe fleggadigel ingatonéo progdpae the desied fraeciadieatser i al nay be

5570, 450, Seonsiy. Mato Repeh Bpludias e itdef e rebckihciiferatiug 0 007

t hei r di scl osaylesbetivesniababl 25 gegrebsiCeaed abbbt dhdegrieks By preferabblkyl succi ni ¢

anhydri de al so be prepared using,th o-cal | Lghly reactive or high
met hyl vi ngl%f\é%‘??é‘ %%gplﬁpﬁ?&arﬂ%ﬁ%b@MHquﬁsﬁ' ihgﬁeérsee scribed in

U S. Patent Nos. 4, 152,499; 5,071,919; 5,137,980; 5, 286, 823; 5, 254, 649;
5,688, 887; published International Apphications Nunbers; WO 9310063-Al; and
publ i shed European Patent 20 Applications Nunbers 0355895-A; sand 0587381A,
all of which are hereby incorporated by reference in their entirety. O her
pol yal kenes may al so be used including, for exanple, polyal kenes prepared
usi ng netal |l ocene catalysts. 25 (B)(1)(B) THE PI Bl UAR COPOLYMER The PI B/ UAR
Copol ynmer of this synthesis reaction is the PIBIUAR Copol yner of this



-31 (B) (1) (©) THE POLYAM NE REACTANT The pol yam ne reactant shoul d have
at least three amne nitrogen atons per nole, and preferably 4 to 12 am ne
-nitrogens per nolecule. Mst preferred are pol yam nes having from about 6
to about 10 nitrogen atons 5 per nol ecul e. The nunber of am ne nitrogen
atons per nol ecule of polyamne is calculated as follows: Average nunber of
nitrogen - %d)lwnMrzatianMVérselymrepQﬂtienaifto;ﬂm mpanatuﬂal Khag)Bighenherein % N =

per cent n|tro en i ol vam ne or m ne m MPa, - nu r average
ol ooul ar - vegrEorEn R A e B 30 Rl EhiTing ERAR Pyl BlR

pgl yal It<)yl enqoamty@rmhllf)wsaega@@gf p@yﬁgémt@houm général, a:heutlhleaact&rrhen at ohms
there being prefera m2 to 3 carbon atops per a ene unit. The

pol yam ne prcgefeé'ﬂeé{) ﬁﬁ rc%‘?mﬂ’ﬁ'tb(ng 'Sr § 5aGHON BIPISIS ahout 1:1 to
10: 1. Exanpl psatad tosdécbﬁmﬁe%&)féémﬁ'ﬁﬁmﬁé‘tﬁ F'Bi)é difert B sé’ro&@l"em the
conmpounds of this invention include the follow ng: TEPA) pentaethyl ene

hexam ne, dettgtomblsﬁ@wyrqsmeyamm"yﬁbm‘e‘rGO:dmees gveai highee from Dow

Cnem cal_Company yyhi i aBw bieloiaIEighP0 (LN A AR ARG aerROl var ne

(nunber average nol écular wei rom S Car bi de
Cor por at i on,aridethb dre, radital) initiStor Me@unmﬁmmd?iBMBs:spolsmrtbe I%BLUAFas

b hed- chaj | i i he bst]
pol yan nes., TREDOUR TR BRATIA: Abrae Pl inkefEro AR Bk ey,
pol yan ng ("pl‘Hl%ﬁoPﬁe)woﬁ@éﬁlmam m@r@cﬁmgeumfeaetpanwmméajlar WeightePiBne ni trogen

atons per nol ecul e. Such heav am nes enerall fford 25 excell ent
results. Thé”ﬁétlyéﬁ?fjr?é"dr"‘e%ﬁﬁgﬁ iée%@décaé fiater. Jp gh?fd‘:‘ﬁut typically wll

be a m xt Ur%H&oﬁ@ﬁBﬁU&@%th@l@f'f&%éd"@lB?QﬂWo%b@}ne?%%@ 08 to'fasiliaemer Ci al
pol yamine wi'll typicall ]y be & m xture in which one or several conpounds

pr edomi nat e WEW feachensaoidpwdgeoieeipoweighbillB, vasetutaied acidic reraemiand TEPA 30
prepared by ffééeraﬂfé Yﬂﬁfa't&r%b&gntgf L%%ﬁ\;fet'hg'ﬁlﬁl AR‘%;BSolgﬁ@ﬁl gﬁ:@ulﬁte this

di chl oroet hyl ene "and amonra w ower am ne nenbers,
e.g., THPA, reatizni it uefedegitpbem aethedrak! perveast hyl ene hexam ne, but the
conposi tion wll A g’rzeferred method to use the PIB/UAR copolymer in the heel process
is to combine the low molecular weight PIB, the unsaturated acidic reagent
and PIB/UAR copolymer; heat this combination to reaction temperature; and
then add the free radical initiator while maintaining a suitable reaction
20 temperature. This process may be conducted in batch or in continuous mode.
The PIB/UAR copolymer for use the heel process may be obtained by
retaining a portion of the PIB/UAR copolymer from a previous run. Preferred
PIB/UAR copolymers for use in the heel process include the copolymer
product of maleic anhydride and low molecular weight PIB. The preferred
25  volume ratio of PIB/JUAR copolymer to low molecular weight PIB in the heel
process is between 1:1 and 1:100. A more preferred volume ratio of PIB/UAR
copolymer to low molecular weight PIB in the heel process is between
1:1.5and 1:4.
The heel process reaction may be conducted at a preferred
30 temperature in the range of about 90 degrees C. to about 210 degrees C.,
and more preferably from about 130 degrees C. to about 150 degrees C. At
lower reaction temperatures the reaction mixture may become too viscous

and may require a solvent to obtain satisfactory reaction.

-22-



be |l argely TEPA and the enpirical fornula of the total am ne conposition
wlt closely approximate that of TEPA. O her exanples of suitable

pol yam nes include adm xtures of am nes of various sizes, provided that the
overall mxture contains at feast 4 nitrogen 5 atons per nol ecul e. Included
wi thin these suitable pol yam nes are m xtures of diethylene triam ne
("DETA") and heav%epluﬂq}arﬂaees rdbqﬁoehmyrtmjum iynmbatehadrdexs!mre reactant is a
m xt ure cont ai rtu ng X \é@ q ndt 0% b ygpt HPA- X; as

det ermi ned bSP'RY H%PW?&S HeJEr FB%H?"HSP‘@PFF‘ u'teHiag & &RPYol yami ne

reactant cond@iegress mv&za@aegfeeamuhd@raembwmﬁn 130QBrakd @ewp nol e.

Met hods of p arin am nes an thelr reactions are detailed in

Si dgewi ck' s iIihg_d e %ﬂfﬂi‘l\ﬂ i FRIGERE clarge Brydhepedisally oxf or d,
1966; Nol{ ef ianqCrfeM SIRY nidfie HNafer SNRIIADRagBAY BlGhBle FihdiAge! phi 8, 2nd

Ed., 1957, and Kirk-O hrmer' s ENCYCLOPEDI A OF EM CAL TECHNCL | S 2nd
Ed., especi a¥inylidgpe igaserof Fif. Typically ghe freepagdivalintiatovemayberpharged at

it KSZCSJ e 21280 & CRBlERntiatof ef i3 bR iRal s g BRRAE" ' 53, 435,

t he di scl osualthoofjh s alayi ary. anmrrpecMrerdahbee}amdnyou’t@ﬂatmmnhenm scl oses
reacting succinic a #\th Pe s vmtth a, Vv r|.ett¥ E?f rea enttg to give
bost-t 1 gt ecP ERT Bk PONSE feaanl et fvind ot Bt fadle ReEREHEE Be ool ul “as

pol ysuccigi niedetr aiightifel e g@psig) tosupphedsitnptilesd ofiunsswraned iatidans. For
exanple, the dis er sancy of the pol ysuccinimde prepared using 25 the

Pl B/ UAR copdlf§ tigdhe kP hA8Sed by reaction with a cyclic carbonate. This
ovever. Thi s may oaeHappR Sl FIRAMREOpGYAE! ROR n BTSN | 1.
concent r at i ondipwmelegulrbwaight BB aay bercharasd todhe m@acternAl § aenjframme

i ncreased di e I nor e
ni t rogens Oﬁfﬁﬁ\é?@%&é’ ?rW%gtﬁ]toﬁh%lide?@/%g {dlp?)&tngeg E?iurgq% roxy hydrocar byt
oxycar bohyl )scﬁuh)ﬁyhobwysqjodate(tbaqé)b kghgamé Jn ﬂmyniahiv@aytaacaomydmqu;wl ikyl ene,

hydr oxyal kyl ene oI y or M X her The ¢ £ car bonat e
post -t eat neiEenay” BETRHR ebafmate R BTt ASLEReR! EVE P T e auae
re?ctl on of rtgbmtahynitbmmaﬁbﬂeata@lm téﬁgemcsmtﬁmy th33ate cﬁmem;&)grmagpb@f t he
pol yam no substi.t t ereactlonls ctea at

t enper at ur es"&get “A e?@éng%‘ggﬁtfgﬁnﬁ@@r‘gée?‘f‘ M3y bafb g'u@d“%ﬂ}‘%s C.,
preferably framoprbriduchiy, #RANPREUS- anﬁ&;rﬁlapptalzm SaRér that igNd most
preferred from about 50 degrees C. to about 180 degrees C. S The reaction

may be c¥hduertisl ﬁ@atamtamé@tél soluitity of the wnaliratedarddie reagepd Fharggar bonat e
are_combi nedsyidyd heuBiR Atk rea%tbpana@'btefs%ea'aﬁame%ied@trgeeg.;@@%eﬁo@f a
catal yst (such as an acid asic’or Lews acid cata . Exanpl es of

sui tabl e cattarny@tasturenandume) uri&atureteé!rﬁﬂlcac restgeshand frgea@qhqql intiatonmay
trifluoride, r ' bonate. The
sanme 10 sol v%ﬁ%@égré}o‘h?éé%rtog%tfeqo%és:/g@%%gnﬁ%hﬁ}l %\te\?\n %@sdptgﬁ?gﬁ@ t he
preparing t harpiithtitRpenpoeycmncenegtial dfoebadantsednd typebof frgelradicalar bonat e

post-tr ment., action of polyam.no al ke or alk succi ni m des
PoTh cyels o npiobn dvBEt e gl ROt ehafa arfulradttd oo LS pet
No. 4,612, laﬂwsaﬁﬁéléb)édd‘tﬁmra@@hﬁhéﬁ bé)écb@ﬁﬁrsmé@iéby inbrelaingané réator.
Generally the procedures | S described to post-treat goly o al kenyl or

al kyl succi APmPgERURE toRbeyt13Qdegiees Fatkaboll ¢o9|degrass appls %@Byo post treat
the PIBI UAR e%@t)hwaé reés@"“té bswtezrdoydd@rr@éseer %lléléﬁblyﬁwgcsﬁffm&ﬁte may be

1, 3-di oxol an- 2- one ? | ene carbonate) he nol ar charge of cyclic

car bonat e’ erAcHY@d h'ﬁ nrmeqma Pﬂ@%ﬁ&@rﬂeCQWPPé%é‘ﬂVW?@'f@rféﬁ%faﬁlﬂa& based
upon thet hqu cal nunber of basic riitrogens contained in the polyam no
substituent of the succininide. Thus, when one equival ent of tetraethylene
pent am ne ( TEPA) lftsereaativads wn@rwneowua/@qrélnuouﬁ styc&ebiankcte@niWydru de and
one equi vaI r inimde wll
t heoreticall ;E/;tsgg toterlitg’lgng4 g#asg{%gr%? ?%ﬁ%bei"gg%\c%yd“ﬁgﬁ’y%e (glr char ge of
2 woul d r equieagerthard trwramc’caésmmétomymdylﬁeieardmunamcmsﬂ;eamimmriam each basic
ni trogen or ip this case 6.nol ﬁ.of \(t:%ctic car.bonat e fort e Cth nol e

equi val ent JdRESGARS YRR CENANISYR OHFOMGLTIPH P éeﬁ?@B r'8d from TEPA.
Mol e ratios of the cyclic carbonate to the basic am ne nitrogen of the

pol yam no al kenyl succinimde used in4de 30 process of this invention are
typically in the range of fromabout 1:1 to about 4:1; although preferably
fromabout 2:1 to about 3:1. As described in U S Pat. No. 4,612, 132,
cyclic carbonates may react . with the primary and secondary am nes of a
pol yam no al kenyl or al kyl succinimde to formtwo types of conpounds.
First, strong bases including -34



unhi ndered am nes such as primary am nes and sone secondary am nes, react
with an equival ent of cyclic carbonate to produce a carbam c ester. Second,
hi ndered bases such as hindered secondary am nes, nmay react with an

equi val ent of the sane cyclic carbonate to form a hydroxyal kyl eneam ne 5

| i nkage. (Unlike the carbamate products, the hydroxyal kyl eneam ne products
retain thei r PEUAR egpojymerclbisiemigigned thet thegquoduet sbeam fegrolthe resstdsonat e may
yield a mxtyre . r . f t cxcl rbonate
7o the' bas: ciHis beeOdy S simedife i elfRhBE of HBHH50 gdubect te ek
portion of tB280 pegmeas . and psefembtiainthamnyedrarh abbet t8cdegreas Getoni | | be

converted to hydraxy, 10 hydrocarb carbam c esters wi,th sone

hydr oxyhydr o@bolg‘g%%érﬂeﬁée%e‘gméﬁm/&a@f E’&reﬁﬁﬁeﬁd"ﬁsa{"ﬁ@&fi aﬁ&ds"f W2%Bl e ratio is
rai sed aboveapdfidecbmpteb ey eemammyrse Ridid|iMitiatey aldauupnMayRMoser s of the
carbam c esters and the hydroxyhydrocarbyl am ne-derivatives may be

produced. Thesgsbloyfagiitateiemayingriypdieactad upgeturtedpgdigaragepoltysrer and t he
15 post-trea : I &R i W 5 I r nmay

al so be reactée Sig\nﬁé%ﬁﬁgrﬁiv@b%acﬁﬁl %ﬁg@ﬁﬁﬁﬂpnﬁﬁgﬁs gﬁ)%)oun ﬁf@% }ég?n bor at ed
di spersant s $kitableyfonthis typg ofiopedationhe scope of this invention. In addition

to boric acid (b i 3 f . tabl r unds include
bor on oxi des, boﬂé%ﬂ%ﬁl,ﬁ%@%ﬁ%éﬁ%}% d&%“%&?&ﬁ%% d?oqég%éﬁ%%’l%y f rom about
20 0.1 etui vEMRhasalysis,ltbe eepotivalndxtuse isfhelatedoio deacomposd ahg resideadlni m de may

be used. In addition tq. ¢ rbonat e. bori c aci ost-treatnents, the
coml:J)ounds ma{i rlpggrt@ 8?@@%%0’? 'f‘ﬂigforp &Itﬁmpéaﬁ Etywsﬁ&a}%\ygri ety of

post - treat nengGdeg@eegeed to inprove or inpart different properties. Such 25
post-treatnments include those sunmarized in colums 27-29 of U. S. Pat. No.
5,241, 003, her ebyUsing gyt in ret negessamne teprepareghePIBAYAR seromeaYUt ncl ude

{reat ment W bl iSRRG BAGRHIAAEHSNASH IS APIRRNY (o3t Bl hat aht S Pal

Nos. 3,403,1 ganic p rous conpounds (e.g., U S.
Pat. No. 13, 5b2rtad e reRbtastshandoprodpetafarmdd ardgsefeBedon conpounds as al ready

Car boxyl 1 ¢ act o, “Wirga3ebeR st Berehedniidtidnd ERRAR KR gk 1 es

(e.g., U S batoneNnay b@ugedif d22ireth dWWhef 48008011 js &pphoyee,ssodmnyetbaki at es or

thi oexpoxi Oleasre inert to the reactants and products formed are preferred. Suitable
solvents may include acetone, tetrahydrofuran, chloroform, methylene

20 chloride, dichloroethane, toluene, dioxane, chlorobenzene, xylenes, or the
like. Solvents may be removed after their usefulness is no longer required.
The PIB/UAR copolymer product may be conveniently separated from any
solvent used and any unreacted acidic reagent by conventional procedures
such as phase separation, solvent distillation, precipitation and the like.

25  Though not required, dispersing agents and/or co-solvents may be used
during the reaction if desired.

Using a chain transfer agent to prepare the PIB/UAR copolymer of this

invention is not required. A chain transfer agent, however, may be used if

desired. When a chain transfer agent is employed, chain transfer agents that

30 are inert to the reactants and products formed are preferred.
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(e.g., US. Pat. Nos. 3,859,318 and 5, 026, 495); 5 Al dehyde or ketone (e.g.,
U S Pat. No. 3,458,530); Carbon disulfide (e.g., US. Pat. No. 3,256, 185);
G ycidol (e.g., US. Pat. No. 4,617,137); Urea, thourea or guanidine (e.g.,
U S. Pat. Nos. 3,312,619; 3,865,813; and British Patent GB 1, 065,595); 10
Organic sulfonic acid (e.g., US. Pat. No. 3,189,544 and British Patent GB
2) 140, 811 )B. POK¥SYICCINIMIDES (e.g., U. S. Pat. Nos. 3, 278 550 and

3, 366, 569) ; D ket ne Pat . .No.. 3,5 2 i socygnate (e.qg.
U S pat “ormBodimest o piavanioRind raBREr s rady BhrSRRERTS
3, 749, 695) ; hbr&nls(:‘aﬁPlex&R @;Uﬂi!mum(iu(:em@mhieUT&s d?ftghned\ba 4,579, 675);
Sul fate of alkoxylate ohoI or e é g at. No. 3,954, 639);
oyclic |act &% S(“é‘xc'a'm' %ag Ny be C“"‘H asthe g %e'ahf%'lwasw 4, 668, 246:

4,963, 275; and 4,971,711); 20 clic carbonate or, thiocarbonate |inear
nDnocarbonate or pol ycarbonate| or ] | or of (e.g., U S Pat. Nos.
4,612, 132; 4,647,390; 4,648,886; 4,§/0,170); ogen-cont ai ni ng car boxylic
acid (e.g., US Pat. 4,971,59 3 t GB 2,140,811); 25

Hydr oxy- prot ect ed chl orodi car i .g., U S Pat. No.

4,614, 522); Lactam thiol actan it hol actone (e.g., U S

Pat. Nos. 4,614,603 and 4, 666, at e or thiocarbonate)

| i near nonocar bonate or 30 pl ygce oformate (e.g., U S. Pat.
Nos. 4,612,132; 4,647,390; 4646, 860; and 70); Nitrogen-containing
carboxylic acid (e.g., US. Pa deBritish Patent GB

2,440, 811); Hydroxy-protected hIorodicar conpound - 36 (e.qg.,

U. S. Pat.5 No. 4,614,522); Lactan) thiolact@m thill actone or dithiol actone
(e.g., U'S. Pat. Nos. 4,614,603, and 4, 666, 460); Cyclic carbamate) cyclic

t hi ocarbamate or cyclic dithiocarbamate 5 (e.g., U S. Pat. Nos. 4,663, 062
and 4, 666, 459); Hydroxyafiphatic carboxylic acid (e.g., US. Pat.H?bs.
4,482, 464; 4,521, 318; 4,713,189); Xidizing agent (e.g., U S Paé. .
4,379, 064) ; wkmdinnat i on of phosphorus pentasul fi de and a pol yal kyl ene
polyanlne 10, (e.g., U. S. Pat . 3,185, 647); Conbination of carboxyllc
acid or an éWd@ﬁ%ﬁ@e%P”RéTBHEGS d sulfur or sulfur chloride (e.g., U.S.

Pat. Nos. 3,390, 086; 3, 419 098) ;

R
oij\ —N’
| and R4

10
)
R comprises at least one of:
one or more polyalkyls and one or more polyalkylenes, each of which
have a nhumber average molecular weight of at least about 1000,
15 preferably from about 1800 to about 3,000;
R1 comprises methyil,
R2 comprises polyisobutyl having less than 32 carbon atoms, preferably about
5 to about 25 carbon atoms;
Z comprises one or more polyamine linking radicals;
20  m comprises a whole integer of from 1 to 3;

n comprises a whole integer of from 1 to 3;
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Conbi mnation of a hydrazine and carbon disulfide (e.g. U S Pat. No.
3,519,564); 15 Conbination of an al dehyde and a phenol (e.g.) U S Pat.

- Nos. 3,649, 229; 5,030, 249; 5,039, 307); Conbination of an al dehyde and an
O di ester of dithiophosphoric acid (e.g.) U S. Pat. No. 3,865, 740);

Conbi nation of a hydroxyaliphatic carboxylic acid and a boric acid 20
(e.g.., U'S. Pasmphikes 4 whotb ifGer oo 1atioy preférablysbbue 2 yte bbptiatd, ¢
carboxylic acid, then fornal dehyde and a phenol (e.g., U S. Pat. No.
4,636, 322); Conbi'Rake RIRTEsALY 249 & oxyal i phatic carboxylic acid and then an
aliphatic diﬁ@&%ﬂﬁ%kEEoﬁ@%@nﬁﬁe@ﬁmﬂﬁl$ad€$§* No. 4,663,064); 25 Conbination
of fornmal dehyde and a phenol and theﬁ gl'ycolic acid (e.g.) U S. Pat. No.
4,699, 724) ; Tywbematisemord oampiatiesninating beaups; @t boxyl i ¢ acid or oxalic

acid and g¢h | S : . 4 .conbi nati on of
i nor gani 05t a??la&gﬂl 3?1ﬁ%ﬁ%&gb@Bﬁg%%ﬁgrhgg%éanQMrPri?%rﬁ"épg%l?ent otal sul fur
anal og t her elofjetived age dleylene tmgiweaithg(grogp., U. S. Pat. No. 4,857, 214);

Conmbi nation of an_.organic djacid th an unsat ur.at ed cid and then a
ni trosoaromatic QFH% %B?q"ﬁin%ﬁ?ﬂ/mq'%ﬁ'ﬂb@‘ﬂ&ﬁewna'dﬁﬁdﬁpgf%&nd and then a
gl ycol ati ng @gohméresugcininklds.anBas prddaced b T réhiion ofld PIB/OaRbI nati on of an
al dehyde and a triazole (e.g., U.S. Pat. No. 4,963,278): Conbination of an
al dehyde anocQPOEW‘i‘%fz‘%'F'_ba m%wn@@rﬁwf@%km&ﬂwbsv@'@G ?C'Q.dﬁ}.”"?ié‘te) "No.

4,981, 4973 iR W AbhbRier & rirkéghd the g”&&rﬁéﬁuuﬂ&%yaa bewamiomind (€. 9.

U.S. Pat. No. 4,963,275 and 4,971, 711). D, LUBR'CATING O'L OSI TI ONS The
Pl B/ UAR copolagicat., Beesusedie PHMARsopniyreensticaiginide nikiBre Ry ontadpol ynmer and
post-treated CK N, M . i I megoall of which
are descri be%?@ﬁ‘nﬁ'g? lémggegﬁjﬂ)l%?eggs gﬁ%‘@%‘@éﬁfalgwga%%?@;ﬂn 'Ugﬁivcﬁ ti ves when
used i n | ubrperaquivalesit lof PIBRIAR copetynasy, ded ebgdriteen 04 tdi s ensiaalests t hese

additives rn Y e used at aQOIUtt%I'Bi!TltO aboh{t &O.M.C%P(%)‘r. tma t ot al
| ubri cati ng YiRCNETHPEEET FAAVRRD e g gkylsucaigaacl Eipvapliy apout 15 8
% w . % pnd PEBGARIpelyaidryothbr &hwtlred, Mch fHthosepredentedwh. % of the total

| ubricating oil conposition. The |ubricating oil used with these additive
conposi t i onsforaYapéanikaimay alsg pe piasenbdepending opithe (Alios AelksgY\i scosi ty

and. pr ef er abdaiRycdiealia uoHdSivelPIBIBAR ABSHARS i il drfiher nal conbust i on

engi ne. Crankcase lubricating 20 oils ordinarily have a viscosity of about

1300 cSt at O degrees F. to 22.7 cSt[at 210 degr%es F-"199 degrees C.). The
| ubricating oils may be derived frémSynt hetic an nampral sour ces.
Hydr ocarbon synthetic oils may includ for exany di . s-Tpr.epared fromthe
pol ynmeri zati on of ethylene, i.e., po ifm or TRAD, or from
hydr ocar bon synt hééi s procedures usi1% cakbon {non Fide and hydrogen
gases such as in Fi sher-Tropsch pr{ eSS N al oil| for use as the base
oil in this inventjon may include pagjaffinic, naphthenit and other oils
that are ordigari used in lubricatijng oi% compositigns. Synthetic oils
i ncl ude both hydyoc n synthetic ol|ls angl syntihetic |esters. Usef ul
synt heti c hydroc n oils include | =l p s of
R Ry
It \\//%\\
& Rz \‘Ter.
- —n
_ Jq
= — X
) (K)

20 wherein W, R, Ry, and Ry, Z, m, n, X, Int., Ter are the same as described in
formula (H). For example, if the ratio of alkenyl or alkyl succinic acid
derivative per equivalent of unsaturated acidic reagent copolymer is 1.0:1,
and the ratio of polyamine to the sum of the alkenyl or alkylsuccinic acid
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30 al pha ol efins having the proper viscosity. The hydrogenated |iquid
oligoners of C6 to C~2 al pha ol efins such, as 1l-decene triner are
especially useful. Al kyl benzenes of proper viscosity, such as didodecyl
benzene may al so be used. Hydrocarbon oils blended with synthetic oils may
al so be useful. For exanple, blends of 10 to 25 wt. % hydrogenated 1-decene
trimer with de’iﬁatwe?ﬁlut;ungﬂumted %lﬂimeﬁgﬁtt(cbﬁﬁlydfegnsa@S Fthemstnetake oil are

referred as tin base ubri.cat.i cent rate are al so
gnvi si oned. (’Fﬁ i % ‘Fe owsval I'fbher' RtloRf&! %M’aﬁ@ﬂ?”‘@ﬁ"%c' %to about
10 wt. 99 prefivai perddquinafdit ol PIB/DARoplfrhér i3 BRtte PPakt1: 1, %ndhe an Oi | of

| ubricating viscosity and fromabout 10 wt. % to about 90 wt. 9% preferably
from about T@tiqef polyamingraieastyalgnt obglkepy! Phé'k&'GHP(t'i“?é*fx'ddf!%'tYﬁllY%d her ei n.
Typi cal | t d easy to
handl e d?,lsl’l rfg ﬁ%‘?’%‘g‘gﬁﬁ&gﬁaﬁgﬂw&? aﬁtsgjq%rﬂrﬁﬂgﬁ?g’t” ore%% &R@ntrat es
i ncl ude any Wiﬂer&docnmmaenwheph/téfserabl y an oil of 10 lubricating viscosity)
so that the concentrate may be readily mixed with lubricating oils to
prepare lubricating oil conpositions. Suitable lubricating oils that may be
used as diluents typically have vis in the range from about 35 to
about 500 Saybolt Universal Seconds (SUS) at 100 degrees F. (38 degrees
C.), although any oil of lubricating viscosity may be used. 15 Q her
additives that may be used inch rust inh tprs, foaminhibitors,
corrosion inhibitors, netal deactiv pour point depressants,
antioxidants, and a variety of other | -known additives. It is also
contenpl ated that the additives described herein nay be enpl oyed as

di spersants and detergents in hydraulic fluids, marine crankcase 20

| ubricants and the |Iike. When so enployed, the additive is added at from
about 0.1 to 10 % by weight to the oil. Preferably, at fromo0.5 tb)8 wt. %
E. FUEL COVPCSI T'!@)z}@d ' -t he. descri bed
herein that are e&c{g@s@pgp 0 ac ﬁ&‘-\[}k Bf‘%ﬂéﬂ%é@({l?lg%@gﬁfyé@yﬂ{y in fuel
conposi tlbonspeirseqdiaplendefrﬁ’mlllpéﬁ wpuameet%/grebta‘ramms amicthadatigoft he t ype of

fuel used, th r.es of ot det erge di n or ot her

b tves, SRRHES R aRed of BREGuPThE R dRls PRETIBRIAR 8RBTt on i 1
t he base fuds ab&:tl‘OOtlpthkﬁ sHaotunes @H)tanda(iK) svopkl predbimireite, vieat Wrigbl y from 30
to 5000 parts,per mllion of 30 the additive per part of base fuel. If

ot her deter s are present, a |esser anount of the additive nmay be used.
The additives deggaddash fictheipledBiiinBAt pelmitt etienaa (A )f(u)ebr gongentrate,
using an inert stable oleophilic organic solvent b0|I ng in the range of

about 1596 ddgreies wil tm%&eﬂtamw%@qre@lgx Feaq&aﬁnarmtw&% akd pelyESTar omat i ¢
hydr 0carbon pRRhYENbf dohidiRh el Eﬁﬁn%é&@ins%ﬁ]d bRBLEE Heoakdy) yfle benzene,

t ol uene) xyl ene or hi ghe 0|I|n aromatics or aronmatic thin Al i phatic
al cohol s of adtytaucciBia aciddedvabive nighimontain orora sharseps sypeeind anhydride

i sobutyl car ydr ocar bon
sol vents ar ?lcgglé/&e%l a‘gﬁgA ?Iﬂ?Idouré\g&v\}/ ﬁ%?ﬁg?t: @t%m gista{ttﬁgge\@:{cgd?he S fuel
concentrate,reagmttahgmmersof the additive will be ordinarily be about 5 or
nore wt.,,% and g Wk, 9 referahly fromabout 5
Wt . %t&oabout 5 E’vﬁﬁa1 H@Pgﬁgqéfg’mﬁ J'ef‘?rgfﬁrﬁ?o‘gt'ﬁ&@'ﬁ?&%to about 25
w. % 10 Fco&ﬁﬁﬁ@&nﬂh%%&ﬁﬁ‘dﬁﬁwér@uﬂﬂ|3ih$°®B¢|eﬂihgrmIMh©dbém&bnt he Pl B/ UAR
P ata S o RRD oD i oo e e RS b o 1
is also Comp%%hﬂﬁ&ﬁbdi&ﬂlhahhﬁ aBbﬁ’[ﬂ%ﬁlﬁ@WOhﬁBWefQ%W iaBeg@t herein may be

used as is or as an internediate for pour point depréssants. x 20 The
fol | owi ng efdrpl Rifogereatoms anekditq 20 gaiPeRtoms ANt xBea WhelednBeei #fent s of t he

inventi gg. d% ? g pepappreci ated by those of skill in the _ art that the
t echni ques osed”in the exanpl es that fol l ow may represent techniques
di scovered by the inventor to function well in the practice of the 25
invention, and thus nay be considered to constitute preferred nodes for its
practice. However, those of skill in the art should, in [ight of the
present disclosure, appreciate that many changes nmay be made in the
specific enbodi nents that are disclosed and still obtain a like or simlar

result without departing fromthe spirit and scope of the invention.
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-40 ‘'Exanmple 1 Cg-C2g PI Bl UAR Copol yner Prepared In An Aronmatic Sol vent 5
Low nol ecul ar wei ght PI B, 128.01g (0.57 nol) was added to _ 157.39g of C9
aromatic solvent in a 1L three neck flask equi pped with a Dean Stark trap,
a heating mantle, and a nmechanical stirrer. The | ow nol ecul ar weight PIB
conprised a m xture of about 47% hexane solvent plus C8 isoner and about
53% C~Z- C28 B SYNTHESISSORTHRIPOLWSOIGEINIMEDE and 10 heated at 130 degrees
Cto distill out the hexane and Hhe Ce iSOﬂEﬁ agg to ﬁzeotrope out any
water. To this ni'xPURAUNMES COMPosy '°Ha‘i°é'?ﬁfl§'%h@é FoPEVEE ol ) was added.
To the resulducbigirmidss uic, beapiephadd 19f cohtddingithé dbsited alR@oMalk@ayl 0. 012 nol )
was added in five portions, over a_two-hour period. Then the tenperature was
i ncreased t cUPEH! dedvative 3t :B|RUAResapolyserandralyaming upder ar omat i c
sol vent and aaxtivédopations: | ow nol ecul ar wei ght PIB were then renoved by
distillation at 190 degrees C. under vacuum A total of 40.96g of product
was obtained. This product had a SAP nunber of 290ng KOHI g sanple. The M-
as determ ned hy GPC was 930 and the Mv_was 1851. 20 Exanple 2 Predistilled
Cl12- CZ8 PI Bl UAR\ Copol yner Aromatic Solvent 25 In this
exanpl e) | ow nol/eco| ar wei irst distilled to renove any hexane
di | uent and | apfTain, +thl—tZonNieo| ecuar PRESUHNIMIDE
Yo C~6) about 16% C20, about 5%
re was prepared by adding 427.3 g
of C9 aromatic sol vent td&¥® di stilled | ow nol ecul ar 30 wei ght
PIB (2.48npl) in a 3L fourineck flask eguw pped wwth a heating mantl e,
magnetic stirrer @gnd a Dean Star%Btrap. Thi s nixturecgas heated at 134
degrees C. to renpbve water. Then, %o this mxture, 25 .89 mal efic anhydride
(2.11 nol), and 6.5 m di-t-butyl peroxi de was added in five portions over 3
hours. The resulting m xture was then heated at 150 degrees C. 3
overnigq%. The sol vent was then renoved in a vacuumto give a product that
-41

C24, and about 1. /oCZ8 IS

wherein R, Ry, Rz, Z, X, X', n, (Int) and (Ter) are as defined herein.

This process is typically conducted by contacting from about 0.5 to about

10 equivalents of alkenyl or alkylsuccinic acid derivative (reactant A of
reaction (M)) per mole of PIB/UAR copolymer (reactant B of reaction (M)) and

15  from about 0.4 to about 1.0 equivalents of amine (reactant C of reaction (M))
per equivalent of alkenyl or alkylsuccinic acid derivative (reactant A of
reaction (M)) plus PIB/UAR copolymer (reactant B of reaction (M)). A
preferred method is to first add the alkenyl or alkylsuccinic acid derivative and
the PIB/UAR copolymer together and then add the polyamine.

20 A more preferred method is to first mix the alkenyl or alkylsuccinic acid
derivative and the PIB/UAR copolymer together using a ratio-controlled mixing
system in which these two components are simultaneously charged into a
mixing device, such as a static mixer, at the desired weight or mole ratio. In
like manner, the alkenyl or alkylsuccinic acid derivative and the PIB/UAR

25  copolymer mixture is then combined with the polyamine using a
ratio-controlled mixing system in which these two components are
simultaneously charged into a mixing device, such as a static mixer, at the

desired weight or mole ratio.
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had a' SAP nunber of 210ng KOH g sanple. The M of this product was 1642,
and the MWwas 2250 as determ ned by GPC. Exanple 3 S C-4 Al pha A efinl Ma
- Copol yner Prepared In An Aromatic Sol vent A m xture was prepared by adding
60.45g C9 aromatic solvent to 49.31 g tetradecene-1 (0.251 nol). After
addi ng 22.17g mal efic anhydride 10 (0.226 nol) to this m xture, the

resul ting m xtur @ypesliyh et eadction B3dndeged at tedpayatres ighhelrmgmfove any

wat er. Then tur 17 fic dyide ( an 0. 54¢

i Cort - bor sBofiril betl Wi acdol® Sl Y88 dofeas'C: BBttt e over 1
hour to the166|ai}é§fe’§s€(§i tﬁtéib\baﬂ’ﬂ‘(l 8égrage Ce R&-dboliBdr6rnCy t@nmfmmge m xture. The
resulting m xture was heat ed overni ght at 135 degrees . Then t he

sol vent was Prefasbbot #916aove15cu{m'cal{v tha wactign iscondyctsd giabeutnas obt ai ned.
The SAP p Uméﬁﬁosﬁrﬂfen@iﬂréss%@%ev\é@%@@%ldﬁg'vpges%ﬁfﬂg @an J Q@ bMDs%H” this

sanpl e was 4188 ‘and the MWN'was qrE) I nl MA
Copol yner Pﬂ@pam@uwﬁlmmacsgmmlperatweﬁesot @ndnms lqsmlmgm dhyheaddi ng

74.51g nal efréafct?rﬂ?lﬁ%bl@ﬁrétéf %8{" %a to 300.91 g tetradecene-1 (1.532

nol ). This mXxture was egrees C., and 1.1g di-tert-butyl
per oxi de (75 rrrmA};nmesﬂmidmdthenreEcmquwlll tymcallydwesa owduret hecamséthere. Then t he
t enperature_was raise d the react :éagureﬁ conti nued

over ni ght . F%S%?O&SHB% pr8$u%1ﬁ|°§%Vg'z§’§f’f:t8ﬁr\ﬂésnf‘?‘?é;ﬁa'§f ?fep%‘ vacuumto

renove apy wwqm@lcampbaw@a@n@n@obtaﬁéu JorhH@fplé bjrasing pofe number of
199y KOH g s had a M of 14010, and a MWV of 33900. Exanpl es 5-8 show

that | ow mF@E‘BPH‘FdW Wtqﬂtﬁﬁﬂﬁ\ﬂ‘wyﬁ@ﬂ %y‘%@e%ﬁgﬂ&f%d using the
C~Z- CZ$ Pl Boyiy gbemsﬁ&%tﬁé%@éubﬁ PPN NHowBviie Ble SIRASS f tHSwHGgC! | bed

herei n was use
rarely be justified for commercial purposes and accordingly the commercial

product will generally be a mixture in which formulas (H), (J), and (K) will be
15  the predominant compounds.
Water, present in the system or generated by the reaction of the amine
with the succinic or maleic anhydride moieties of (reactant A of reaction (M))
and (reactant B of reaction (M)) alkyl succinimide, is preferably removed from
the reaction system during the course of the reaction via azeotroping,
20  stripping with nitrogen or distillation. After reaction completion, the system
may be stripped at elevated temperatures (typically 100 degrees C. to
250 degrees C.) and reduced pressures to remove any volatile components

that may be present in the product.

25 (B)(1)(A) THE ALKENYL OR ALKYLSUCCINIC ACID DERIVATIVES
Alkyl and alkenyisuccinic acid derivatives having a calculated succinic

ratio of from about 1:1 to about 2.5:1, and preferably from about 1:1 to about
1.5:1, may be used in the present process. More preferably, the alkyl or
alkenyl succinic acid derivatives have a succination ratio of about from about

30 1.1 to about 1.4. Most preferably alkyl or alkenylsuccinic anhydrides are
used. Accordingly, alkenyl succinic anhydride prepared by the thermal
process is preferred, because the calculated succination ratio of material
prepared by this process is typically 1.0 to 1.4, and because the product is

essentially chlorine-free since chlorine is not used in the synthesis.
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Exampl'e 5 Cry-C2g PI Bl UAR Copol yner Prepared Using A Heel Process and No
Addi tional Solvent 5 A m xture was prepared by addi ng 30.02g of C-Z-C28 PIB
- (0.143 nol) to 30.02g of C~z-C28 PIBI UAR copol yner that was prepared as
described in Exanple 2. While stirring this mxture, 12.61 g malefic
anhydride (0.129 nol) was added. Then, five equal portions of 0.212g of
di-tert-butyl peeaayaliylensssuaeiniq ankydsidadsithe reactianepdsrtmis/ UAR

copol ynmer/ ME; h ure was
t hen i ncr e%@%%%%%%ggp@éé%ﬁﬂ% drﬂ} ﬁrar e'pgeﬁ ndz %&&Ens r%ﬁ ocess
resul ted in polysautene, tohhtghhaeltthinyﬁddrtEBﬁolyiaomné nqufaﬂa usatddnlizel a SAP
nunber of 254 it C a Pl Bl UAR
Copol yner Prpe(gg?rélﬁ]_< Ug ﬂ%hﬁ?zyq@?nr%lbc(?&%a ho\r‘f 'QFE Wﬂa p?'gééﬂaé'anby addi ng
38. 33g ofs C, freeG28idal, %c(tﬁcal&?zé@b} ahp ofier prerest niRlyBbd ide iRy mer  prepar ed
as directed in Exan;ll)nl This 20 m xture was heated to 100 degrees C.

Whi | e stirriRfgPamglo §i‘%ﬁ‘€b€sféSﬂ'ﬁﬁj)"?rﬁP'é?'ikE'eaﬂﬁ%?'F'ﬂé‘"{‘M A% 3B ) was added.

Over three hﬁernsan FQB@ﬁﬁgoxqisom@hw@awhmpfm@ah&'@) d&%n@&ﬂﬁ% i phiere equal
portions. The tenperature was then increaséd to 150 d rgﬂee C and held there

overni ght. THe 3H3@HEE; ®thlm BIB%A desuibeddnl UsS JAmtentiNge3,162,898,0my KOH g
P B1 UAR CopdT sy ShorAtarl dhioeith FiBSA ossE MR PUf SRR RE Loe 7 cpeat e
usi ng 63L044 392,764 chigh Biddiirc mipd?lﬁ@«rdéscobe@mlmﬂ eP%ent(Nb aRp4AHI5; C28 Pl B
E)gr gglgd(rami)) fs‘gr}g'mﬁﬁ‘:%&% ey Idi(ﬁﬁaé%%% g% %?éoaﬁé Qg%ﬁgegt 'llj'ﬁfaylpr oduct
fromthis raagh sadtidiethtd r&ﬂdjplmmb@ésdﬁbeaﬁ?.&é Rat&t Nds. 8f565548 arnd a MW of
2691. -43 5,616,668, free radical PIBSA described in U.S. Patent Nos. 5,286,799,
5,319,030, and 5,625,004; PIBSA made from high methylvinylidene
15 polybutene described in U.S. Patent Nos. 4,152,499, 5,137,978, and
5,137,980; high succinic ratio PIBSA made from high methyivinylidene
polybutene described in European Patent Application Publication
No. EP 355 895; terpolymer PIBSA described in U.S. Patent No. 5,792,729;
sulfonic acid PIBSA described in U.S. Patent No. 5,777,025 and European
20  Patent Application Publication No. EP 542 380; and purified PIBSA described
in U.S. Patent No. 5,523,417 and European Patent Application Publication
No. EP 602 863. The disclosures of each of these documents is incorporated
herein by reference in their entirety.
In accordance with the invention, the alkenyl or alkyl succinic anhydride
25 reactant is derived from a polyolefin having a Mn from 1000 to 5000 and a
Mw/Mn ratio of 1:1 to 5:1. In a preferred embodiment, the alkenyl or alkyl
group of the succinimide has an Mn value from 1800 to 3000. Most preferred
are alkenyl or alkyl substituents having an Mn of from 2000 to 2500.
Suitable polyolefin polymers for reaction with maleic anhydride include
30 polymers comprising a major amount of C, to Cs monoolefin, e.g., ethylene,
propylene, butylene, iso-butylene and pentene. The polymers may be
homopolymers, such as polyisobutylene, as well as copolymers of two or
more such olefins, such as copolymers of. ethylene and propylene, butylene,

and isobutylene, etc. Other copolymers include those in which a minor
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Tabl e 2 Table 2 includes chem cal and physical properties for |ow nolecul ar
wei ght Pl B/ UAR copol yners prepared with and wi thout sol vent, |ow nol ecul ar

- wei ght PI Bl UAR copol yners prepared using the heel process, and al pha 5

ol efin copolyners prepared with and, w thout solvent. The results of
Exanples 1, 2) 3, 4) 5) 6 and 7 are presented in Table 2 and show that even
with a sol veamountaf e copplyneaoseraeisies. biagdmole % omeyPeed Cptvdaced a
copol ymer th i ki I i t : pol yrer

t hat was pr e@%r}eggﬁ 3%?%@%“81@ %b%@@\?\f? E‘bg?@%’?\ t h%ﬁjttgﬂgg{h\%%to F\%hen t he
heel 10 pr ocesymlingenas @thylétst, pragyteaneRirel UARexedienhgnetecs are |iquid at anbi ent

t enperature, whergas.a lefin olyners are solid at.anbjent, .

t enper at ur e. Exar{SP %@Fﬁgﬂy ﬁbeg?&%? §'§??>P£8'8ﬁ%ER)&M@E’W%{‘M*W&P&Hti esof
I\S/g: ven][ bsly_ banﬁ(;y@dfiehoh'lgﬁh@ém?lzpﬂmg &rﬁseglbﬁzﬁ%’ﬂ@ﬂreabmb@lﬂmwmion

bl ecul ar Li il BEGTVBHE 422360 ZONAPHR A BIRBAI, Especialy desirable are

ol efinSol i d\?@il%lﬂﬂéﬂé@&%ﬁé’ﬂﬁ%%d@%tial proportion of units derived from

ol ef i nSol i dW t hout 1401033900199so0l vent 5Low Ml ecul ar Li qui dHeel

, 148724522549@hyiape. Pl BppalyBaicnR May castrip spipelL@wnounts of butadiene, which

Mol ecul ar Li qui i SN Low

Mol ecul ar Li gﬁ?gﬁga%ﬁ%gﬁ@%@pgﬁ@ E‘ﬁ%@%&ﬁ%ﬁ?ﬂgﬁ@éﬁﬁéﬁ -44

Exanpl e B A realiijsalablerdodenéice eaderials el kiibien @-thoSESkHedlinkie «bpol ymer 5
A m xture repared ddi. 229. 069 Pl BSA 2300 (SAP, nupber ,50.4 ny
<G g sanpl S ANTBSoFBregra 55 uluatny EdebaRToR ahghehInaisialiney B oo Cos
Pl Bl UAR copoloyn@rfof examgisanil.8. RalehsNosird25,200 KEBY,3,50896%) 0. 0442
nole) to at oc ffﬁake iae i th a_mschaan]igil stirfgér? ni trogen
"6t Dean SpE5 450 4g12 Bt oA btehheresy erapatasl b Teis SR LR

copol ymer r ahkp difostRtis3st Sgnalﬂggggbmynbg.e basis. This means that there were
70 nol es of PIBSA anh ide to 30 noles of PIB/ UAR anhydride. After this

dr
m xt ure Was heat J@qu%qm@oa@bylmlr@ anhydride may also be prepared using the
so-called highly reactive or high methyl vinylidene polyalkylene, most

commonly PIB, such as described in U.S. Patent Nos. 4,152,499; 5,071,919;
5,137,980; 5,286,823; 5,254,649, 5,688,887; published International
Applications Numbers; WO 9310063-A1; and published European Patent

20  Applications Numbers 0355895-A; sand 0587381A, all of which are hereby
incorporated by reference in their entirety. Other polyalkenes may also be
used including, for example, polyalkenes prepared using metallocene

catalysts.
25 (B)(1)}(B) THE PIB/JUAR COPOLYMER

The PIB/UAR Copolymer of this synthesis reaction is the PIB/UAR
Copolymer of this invention and is previously described herein.
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21.21g HPA (0.0771 note) was added while stirring for 1 hour. The

am nel anhydri de CVR was 0.525. This m xture was heated to 165C for 15 72

hours. A pol ysuccinimde was formed that had 1.45 %\, 31.0 TBN, 0.24 TAN,

haze of 2.8% and a viscosity at 100 degrees C of 153 cSt. Exanple 9 and 10
QG her Pol ysuccinim des Were Prepared 20 The procedure for Exanple 8 was

repeat ed exc@)(1)}(GIXHE PO AMINEREAGTANE di fferent ami ne/ anhydri de CMR was

used. The chemc si cal e rodu ts are shown in
Table 3. 25 Tabl ?'? H‘glﬁﬁg%g r?ﬂ@?ﬁ'&%@’ &ﬂé %{?eaagm"ﬁﬁf "&%P' '086Berties for
pol ysucci ni natdes ger@sols A grefddablp 430 12ainife ditrddeRSHet MoRdRldMRstopol yner
on an anhydri de basis and C~z-C28 PI Bl UAR copol The results from

Exanpl es 8- 1Jetehtaf argolvanyaes/bBanieg APm fﬁ@uﬁrﬁﬁo Béowr@datr@aemgﬁw the C~2-C28
Pt Bl UAR p

B eA%OngﬁA%}nqh%lF%leBSﬁﬁgq{u e@%wg%.ﬁégéma&hﬁ%r%&aahs%f
100CTANhaz e SN BRad calsaiate@ilasiollowe. 89TETAO. 50. 8211. 31600. 970. 810HPAO. 51. 3
528.11650. 671. 2 -45 Exanpl e 11 Pol ysucci ni m de Post Treatnent Using

Et hyl ene Carbonate 5 A mi xture was prepared by addi ng 23.62g (0.27 nole) of
et hyl ene car bAvertagetnunitth obbifyogéna polysucci%iNtkde, prepared as described in

Exanpl e 8. Thi mxture ar ed mathflask equi pped with a
mechani cal st?é’ﬁésrm FBOIﬁg 0650 MN% and a ni rogen inlet at 165 degrees C
while the m xture was being stirred. The EC BN CMR was 2.0. This m xture 10

was heat ed for 14 hours. The product had 1.37 %\, 17.6 TBN, 0.20 TAN) haze
of 11.0% anwherely sdodl EyPaicentyiregen i palyaripg of gelyamingwbdures_ 13

Preparatjpn O Qheny = number average molecular weight of the polyamine or
polyamine mixture
Preferred polyalkylene polyamines comprise from about 4 to about
20 carbon atoms, there being preferably from 2 to 3 carbon atoms
per alkylene unit. The polyamine preferably has a carbon-to-nitrogen ratio of
15 from about 1:1 to 10:1. Examples of suitable polyamines that may be used to
form the compounds of this invention include the following: TEPA,
pentaethylene hexamine, Dow E-100® heavy polyamine (number = 303,
available from Dow Chemical Company, Midland, Ml.), and Union Carbide
HPA-X heavy polyamine (number average molecular weight = 275, available
20  from Union Carbide Corporation, Danbury, CT.). Such amines encompass
isomers, such as branched-chain polyamines, and the previously mentioned
substituted polyamines, including hydrocarbyl-substituted polyamines. HPA-X
heavy polyamine ("HPA-X") contains an average of approximately 6.5 amine
nitrogen atoms per molecule. Such heavy polyamines generally afford
25 excellent results.
The polyamine reactant may be a single compound but typically will be
a mixture of compounds reflecting commercial polyamines. The commercial
polyamine will typically be a mixture in which one or several compounds
predominate with the average composition indicated. For example, TEPA
30 prepared by the polymerization of aziridine or the reaction of dichloroethylene
and ammonia will have both lower and higher amine members, e.g., TETA,

substituted piperazines and pentaethylene hexamine, but the composition will
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15 Post-treated Pol ysucci ni m des Pol ysucci ni m des of Exanples 8, 9, and, 10
were post treated as 20 directed in Exanple 11. Table 4 The chem cal and
physi cal properties of the post-treated pol ysuccininm des of Exanples 11-13
are shown in Table 4. Post-treated Pol ysuccini m desPol ysuccinimde from
Exanpl e¥NTBNVi scosity @

100CTANHaz e bedargely1Tt B4 260 tid empiizadioghulass sixsiaSHning 8dMpoifide w3 720. 066. 1

25 Exanpl e %g’ﬁgﬁgﬁvpﬁ&ﬁ""%c?&gﬁgpﬁ%ﬁ%r ed Using C~2-C2a PIBI UAR Copol ynmer A

m xture was y a g PI BI UAR copol yner prepared 30
accordi ng to exaOther ekafriphid AHitgbliK@dyginsiaepinelude hdthixtoled)oftamidddlg of a

m xture of sul.foni.c acid.catal yzed Pl BSA 2300 and diluent, qjl -46 ( SAP
nunber 30 myPRYS ﬂz%%r%tp\g,e%&@gﬁ}?ocpvgalﬁgwa(%g?g@n%ansa%fdﬁeqqtm{rogﬁq uent ail in
a three pecltdrh@pkr meldicOReAnviLgdd AhipvBEReasitabld polfdminBsakd Mikrest | e, and
Dean Stark trap. The PIBSA to Pl B/ UAR copol yner ratio was 70130 on an

anhydri de b&tdigthylenestriginine,r BETAS) anstheayytslypotngle§riseferred polyiasnine 59. 08g
HPA (0. 215 : el b g}fﬁt - anbfikS, M Xture
was heat ed %Wuﬁfg{;ﬁfgff@ e’%?’l g@@zfl@?&gﬁé t Vevn CO%Y?ZQO%@ E.}Loﬁbzegr ees C.
A total of welyht HRA-¥r asvdstecmireddiydtie onethod Hes@ibled inergin,r thischrefEimedpr oduct

(2706 ol e) PoNalrH E2RE BG4 et o Sk 6% Mol ¥of) cre 10

car bonatie np#t moie.was heated to 170C for 14 hours. The product fromthis
reaction had 1.22 9%\, TBN 15.7, TAN 1. 05, <¥i scosity at 100 o‘eg[ees C. 254
cSt. and a haze t@_s /oor@ggwﬂpé)lﬁnmes and their reactions are detailed in

Sidgewick’'s THE ORGANIC CHEMISTRY OF NITROGEN, Clarendon Press, Oxford,

1966; Noller's CHEMISTRY OF ORGANIC COMPOUNDS, Saunders, Philadelphia,

2nd Ed., 1957; and Kirk-Othmer's ENCYCLOPEDIA OF CHEMICAL TECHNOLOGY,
1S 2nd Ed., especially Volumes 2, pp. 99-116.

C. POST-TREATMENTS
The polysuccinimide prepared using the PIB/UAR copolymer may be
post-treated with a wide variety of post-treating reagents. U.S. Pat.

20 No. 4,234,435, the disclosure of which is incorporated herein by reference,
discloses reacting succinic acylating agents with a variety of reagents to give
post-treated carboxylic acid derivative compositions that are useful as
polysuccinimides and detergents in lubricating oil compositions.

For example, the dispersancy of the polysuccinimide prepared using

25 the PIB/UAR copolymer may be improved by reaction with a cyclic carbonate.
This may result in some reduction in fluorocarbon elastomer compatibility.
However, this may generally be more than offset by reducing the
concentration of the carbonated post-treated polymer in light of the increased
dispersancy. The resulting modified polymer has one or more nitrogens of the

30  polyamino moiety substituted with a hydroxy hydrocarbyl oxycarbonyl, a
hydroxy poly(oxyalkylene) oxycarbonyl, a hydroxyalkylene,
hydroxyalkylenepoly(oxyalkylene), or mixture thereof.

The cyclic carbonate post-treatment may be conducted under

conditions sufficient to cause reaction of the cyclic carbonate with secondary
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15 Pol ysucci ni m de Prepared Using C-2-Cz8 PI Bl UAR Copol yner Using A Two
Step Process A mxture was prepared by adding 5.96g HPA (21.7 mmle) to a
solution of 102.86g sulfonic acid catal yzed PI BSA 2300 (SAP 52.5 ng KOHI g
20 sanple, 48 mmole) and diluent oil 97.14g in a three neck flask equi pped
wi th an overhead stirrer, heating mantle and Dean Stark trap. After heating
this m xtur @mipo gewe afdhe P@luamm@sﬂwea@ dypicaly, thepregetioriss/ UAR copol ymer

from exanpl %%ﬁg‘gg‘gl@g ﬁ Qnéggg)?tg%kg %ﬁﬂr@m adulPd reé\@%g?gg&q drop w se over

30 m nutes. copolymer ratio on an 25
anhydri de b2&DsglegltasC.aprederabtyi fooralabautoBl) t@%reesrﬁ%otoeabcnﬂ 2pPAegessadded to

am nel anhy S GE0 e B g Eoht Ao B BB EE s o ARdt TS gboslé a1 50 o0t
and had & vi scosiThy redctibAGnaleigs e@sdtﬁtedafﬁealé}#helﬁin b&f tix powher 4hd Soot

Thi ckeni n ench Test Results Fqr. Pp]ysuccini mdes And Post-treated
Pol ysucci gi %%'%a@wﬂﬁ%rﬁ'e&f W‘f’l"éﬁ@ﬂ?%ﬁ%tﬁrﬁgﬁewen%ﬂ WdbBci ni i des

and post -t r ppdRehcl o ¥ Tutlystidliches éﬁ%m:%%@f@BpL&ﬁis%ﬁkﬁcéﬁlzﬁ yreacted in the
soot thi ckeni ng bench test. In this test -47 98.0 g of e test sanple

was wei ghed ExAMPisRiswitable satalysty nglude; for expmples pbpsphrsiciasics baga added 2. 0
g vulcan XCufigiGridd! aikoPafy SLiGitc StiaMikaPoL aikfline BFbMatt Ui dige SLI M T ed and

t hen stored esl ccat or secon sanpl e w thout the carbon
bl ack) J@s solvedtsfardilgents as.dessiilregl kersinwiith mEspesidbyhe prepedng deni zer - - Model

PF 4516 and uum ov.en for 30 nutes at. 50 to 5
degrees ¢TIV EORNTDel fof s tR et et ool Beesime oo
delgreles Cd ESI ngThe m.bhﬁwowam@k@n}l oﬂ'ﬁﬂymrcﬁfhnhidé?s&ﬁmsd gbb | nﬁrease was
cal cul ate ar.l t he vyl scos of the s S t nd w t hout
carbon bl ack® 'bﬂ’?ggest'ﬁgﬁ? QA%%E&H‘?G%@&”&F’?&“%@@%@% he better

t he di sper Sﬁ@féby@ﬁcdrb@ra@ﬁcﬂﬁ)ﬁfe‘f@r@hce Thas eAfitehy. diepanyt i sroeéddrBs ckeni ng
bench test are shown in Table 5. Table 5 Table 5 includes soot thickening

bench t dst F’é§@f!b@§ tP@PSbE%Iﬂ%@"HP‘Pr?H@”Y' os‘,almdiéuwr@mu@ﬁzu@eyqbp B/ UAR
fhat The becronas T dr L b e R P i e wns. A
i nst ead of TETA) Agadtioutesty rEé)‘qﬂ@dtcychcemmemte\my e 8 B-dioxolan-2-one
(ethylene carbonate).
The molar charge of cyclic carbonate employed in the post-treatment

20 reaction is preferably based upon the theoretical number of basic nitrogens
contained in the polyamino substituent of the succinimide. Thus, when one
equivalent of tetraethylene pentamine (TEPA) is reacted with one equivalent
of succinic anhydride and one equivalent of the PIB/UAR copolymer, the
resulting bis succinimide will theoretically contain 3 basic nitrogens.

25  Accordingly, a molar charge of 2 would require that two moles of cyclic
carbonate be added for each basic nitrogen or in this case 6 moles of cyclic
carbonate for each mole equivalent of polyalkylene succinimide or
succinimide prepared from TEPA. Mole ratios of the cyclic carbonate to the
basic amine nitrogen of the polyamino alkenyl succinimide used in the

30 process of this invention are typically in the range of from about 1:1 to about
4:1; although preferably from about 2:1 to about 3:1.

As described in U.S. Pat. No. 4,612,132, cyclic carbonates may react
with the primary and secondary amines of a polyamino alkenyl or alkyl

succinimide to form two types of compounds. First, strong bases including
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Exanpl eAm ne/ anhydri de CVRAmM neEC/ BN CVR% Vi scosity | ncrease80. 525H
PA010090. 525HPA229100. 5TETA0267110. 5TETA2135120. 5HPA0111130. 5HPA236 20
Exanpl e 17 Sanples were tested in the ASTM D-5967- 99A ext ended version
(Mack T-8E) diesel engine oil test. This test evaluates the soot handling
capability of a engine crankcase oil with regard to viscosity. In other 25
wor ds, t h| s wrEndesod ponesssuchais| prinaryianiogs and somersecondary @siings,i ncr ease

due 10 - 8 reachh ah 84HARNL B &2fc Slibonk PR o B BNl edibo0ST Ly

i Nncr ease |nd|ca es sup r or vice | at ed was
heavy- duty) Se@mdahnhdgcedctpmeatsudmawhiriderecgt\ecsmdary araiesgmay neadt @4th engi ne
was a Mack E7-350Q,

N emnvess. dhendialentaing rane cyficsatbonad i i 4 BsoraReterane "

conpr essipn lirﬁtagél(@hl;ﬁé‘ﬁe‘&rbirh&teﬁﬂb@u@t@dhéhg Kﬁ(yﬁlkﬂeﬂegrhﬁ) rédé}@si nches.
The engi ne was rated at 350 bhp @ 1800 r test was 300 hours under

const ant ratr@w'wwobmyl)mow tth%r%aqﬁwwfa@uslmarb@nmmy vield, fuel,
intake air ang k0 &:ﬁ{s&dﬂ?%ﬁ&k ﬂhetrﬁHB?Eﬁé B%F th fa@e%srmfé{%mﬁéswe and

inlet air restrlctlo s was al so cont oIIe tween tests, the engine
was fl ushed baﬂc pitrhgen of thetstceihimide is abad t1 asiléss, aHargeidortion ofg¢hewas al so

checked Tor. RS9 08 <oy TG SR8 SLANERRY SibSolien BBl | Y7o

for Ki nerratl &S rees passihg | M+ was
15 1.8 rHl athydeocarbyl@#t;&%:es@s wﬂhSOMedwﬂr@tyhﬁdmmymlnaménﬁht%ss! ope at

275 h 5. 8O Th t f.o | @
3 Bt soor, ISR bERG Tt ARI6S btk tatihih ity Sheye Bt JiachieSd, VS, Bos sent
-49  Tabl e §ndaib of ﬁolymbwdﬁénéﬁd{yﬂe&%ﬂﬂh@éﬂbaﬁf@é%r@éﬁd fhest results for

fully fornmulated oils conprising either sanple A or B, detergent, zinc
di t hi ophos pHatdeoxydydrocamiyiamine-degyatygsineay beprasiueed. ot her i nhibitors and

other commonly usgd Al CEKRTdL BrébaREPH8Ing hapBR Yoddiyn¥ér drfghgver to

gi ve
15 post-treated polysuccinimide prepared using the PIB/UAR copolymer may

also be reacted with boric acid or a similar boron compound to form borated
dispersants having utility within the scope of this invention. In addition to boric
acid (boron acid), examples of suitable boron compounds include boron
oxides, boron halides and esters of boric acid. Generally from about

20 0.1 equivalents to 10 equivalents of boron compound to succinimide may be
used.

In addition to the carbonate and boric acid post-treatments, the
compounds may be post-treated, or further post-treatment, with a variety of
post-treatments designed to improve or impart different properties. Such

25  post-treatments include those summarized in columns 27-29 of U.S. Pat.
No. 5,241,003, hereby incorporated by reference. Such treatments may
include treatment with:

Inorganic phosphorous acids or anhydrates (e.g., U.S. Pat.

Nos. 3,403,102 and 4,648,980);

30 Organic phosphorous compounds (e.g., U.S. Pat. No. 3,502,677);

Phosphorous pentasulfides;

Boron compounds as already noted herein

(e.g., U.S. Pat. Nos. 3,178,663 and 4,652,387);
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15WI0 type oil. Sanple A is a polysuccinimde prepared froman al pha olefin
copolyner in solid formand Sanple B is a pol ysucci nim de prepared from a

| ow nol ecul ar wei ght PIBI UAR copol yner of this invention. Based on the Mck
T-8E di esel engine oil tests, Sanple B had equival ent performance to 10
Sanple A.  SAVMPLEABEO- Mt |imtCH 4 [imt250 hr Soot 9%.45.8300 hr Soot

6. 26. 9Rel at i ve vCarbbxghe acidtpolyratbayie aeids tanhydudesand/or 22id halidesdj ust ed

relative vis at 4, 8% td,.;6 7 soot 0. 150. 380. 50. 75S| ope
@275 hrs or 5. 8%6 %O@?:f% I%% 3?%(#%221%84%6%@@ 1. One or nore
copol yner s havi ngeptrédegepalyepoxiatesol thioexpdrides x \/\herel n: X and X' conprise
one or nore of -OH -gré]y'grolgar é {\!gz %% g -Ow, wherein M

i ' t 593t Sand D e, Bhon
conpri ses one equiSl i ni ums and ani ne
cations; @nd X anmdéhya@&ekbtbﬁ@eé@eu sspatho,msgrstmyl ses a whol e integer -
from1l to 3; R~ conprises net ri ses polyisobutyl having |ess

than 32 carbon at@ﬁ@onrﬁ'%ﬁ'ﬁﬁ sUeS \ﬂ%|[80|£8%é8 Sof from1l to 3; x
conpri ses a whol e?ﬂfd%gf‘égob &rpyp ﬂiot@639’13{7ﬁt conprises at feast one

initiating radic

Urea, thourea or guanidine {e.g., U.S. Pat. Nos. 3,312,619, 3,865,813;
and British Patent GB 1,065,595);

10 Organic sulfonic acid (e.g., U.S. Pat. No. 3,189,544 and
British Patent GB 2,140,811);
Alkenyl cyanide (e.g., U.S. Pat. Nos. 3,278,550 and 3,366,569),
Diketene (e.g., U.S. Pat. No. 3,546,243),
A diisocyanate (e.g., U.S. Pat. No. 3,573,205);

15 Alkane sultone (e.g., U.S. Pat. No. 3,749,695),
1,3-Dicarbonyl Compound (e.g., U.S. Pat. No. 4,5679,675);
Sulfate of alkoxylated aicohol or phenol (e.g., U.S. Pat. No. 3,954,639);
Cyclic lactone (e.g., U.S. Pat. Nos. 4,617,138; 4,645,515; 4,668,246;
4,963,275; and 4,971,711);

20 Cyclic carbonate or thiocarbonate linear monocarbonate or
polycarbonate, or chloroformate (e.g., U.S. Pat. Nos. 4,612,132;
4,647,390, 4,648,886; 4,670,170);
Nitrogen-containing carboxylic acid (e.g., U.S. Pat. 4,971,598 and
British Patent GB 2,140,811);

25 Hydroxy-protected chlorodicarbonyloxy compound
(e.g., U.S. Pat. No. 4,614,522);
Lactam, thiolactam, thiolactone or ditholactone
(e.g., U.S. Pat. Nos. 4,614,603 and 4,666,460);
Cyclic carbonate or thiocarbonate, linear monocarbonate or

30 plycarbonate, or chloroformate (e.g., U.S. Pat. Nos. 4,612,132;
4,647,390; 4,646,860; and 4,670,170),
Nitrogen-containing carboxylic acid (e.g., U.S. Pat. No. 4,971,598 and
British Patent GB 2,440,811);

Hydroxy-protected chiorodicarbonyloxy compound

-36 -



Ter. conprises at |east one termnating group. 20 2. The copol yners of
Claiml, wherein one of R and R2 conprises nethyl and the other of R~ and
' R2 conprises polyisobutyl having about 5 to about 25 carbon atons. -51
3. The copolyners of Claimf or 2, wherein the copolyners are liquid at
anbi ent tenperature. 4. The copol yners according to Caim1l or 2, wherein
t he copol yners 5 (egdiSs®atrdo. &6 1522)pf an am de derivative) an ester

derivative, an imde deriyative ,and a netal .salt derivative. 5. The

copol yners of O g.]'aﬁfafn%lqcé?rﬁ thiplacione %@lm@@?@@eof pol yrmeri zation of the
copol yners is abqulg. u%. Pat sy 640,6080 afd 4088, 480);,70r € copol ymers prepared
by the polynerization of a. one or nore unsaturated acidic reagents and 15

b. one or nore pdb¥AissBREEHALR. GYsls Ripqagkamateor cyelisdithiocashamale at oms, c. in

the presence of qpg Qj gTPLE NdS8 de3ed3nd N6B6aBY);S- 7. The copol yners of
Claim6, wherein the unsaturated acidic 20 reagent conprises malefic

anhydride. 8. Thdlysspoiajipkatic esrb@iykc acid, (ewhdd &1 Rat.iNosp 41482484t ene
conprises a m xt . rising: 25 a. b. ¢c. d. e. 30 f. about 5 wt.
% to about 20 \A}t%%{.’gi—égﬁ!ﬁg@ 35 wt. %to about 55 wt. % C~ZH24, about
20 wt. %t o aboutOxdizing.agenO@E-R2U. SiRatt N8. 4879964 about 15 wt. % CzoH4o,
about 2 wt %to out. 8. wt % C2 , and ahout 0.5 %to about .2 wt. %
o6 9. The copaiIHBRLSTLeT RAKPRNES ARAtEDRAE N ek ate PASEMIR ccul ar
wei ght ofp t he cogelgy®ss Pas NPQU8524ly)t 0 about 10, 920. -52 10. The
copolynmers of Claim@6, wherein the polyi sobutenes con‘Frl ses a mxture

havi ng a nunber dvPbigatiopricaibaxyicarigiar analdehydegskgtonesand $ifpett 240. 5
11. A method for Jugki doddie(ecPPO!Y Bl bs. G, 3adTdde; R bgd)ng reacting one or
more unsaturated acidic r ea(ge ts V\Ilrﬁ[%{‘l one or noré polyi S(}but enes .
Combination of a hydrazine and carbon disulfide
(e.g. U.S. Pat. No. 3,519,564);
15 Combination of an aldehyde and a phenol
(e.g., U.S. Pat. Nos. 3,649,229; 5,030,249; 5,039,307);
Combination of an aldehyde and an O-diester of dithiophosphoric acid
(e.g., U.S. Pat. No. 3,865,740);
Combination of a hydroxyaliphatic carboxylic acid and a boric acid
20 (e.g., U.S. Pat. No. 4,554,086);
Combination of a hydroxyaliphatic carboxylic acid, then formaldehyde
and a phenol (e.g., U.S. Pat. No. 4,636,322);,
Combination of a hydroxyaliphatic carboxylic acid and then an aliphatic
dicarboxylic acid (e.g., U.S. Pat. No. 4,663,064);
25 Combination of formaldehyde and a phenol and then glycolic acid
(e.g., U.S. Pat. No. 4,699,724);
Combination of a hydroxyaliphatic carboxylic acid or oxalic acid and
then a diisocyanate (e.g. U.S. Pat. No. 4,713,191),
Combination of inorganic acid or anhydride of phosphorus or a partial
30 or total sulfur analog thereof and a boron compound
(e.g., U.S. Pat. No. 4,857,214),
Combination of an organic diacid then an unsaturated fatty acid and
then a nitrosoaromatic amine optionally followed by a boron compound

and then a glycolating agent (e.g., U.S. Pat. No. 4,973,412);
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havi ng | ess than about 32 carbon atonms in the presence of one or nore free
radical initiators. 10 12. The nethod of C aim 11, wherein the unsaturated
acidic reagent conprises nalefic anhydride. 13. A nethod for maki ng one or
nore copol yners of Claim1 conprising the steps of reacting a first anount

of one or nore unsaturated acidi 5 reagents with a first anount of one or
mor e pol yi sobutegﬁ“maﬁq%‘goflaé‘sgd%wéﬁ a&ﬂcﬁ%{”aé?'ecar bon atoms in the presence
of a first anountegf 1P8ePar NPBD6BIF8)radical initiators to forma first

li qui d copol yner and reacting a portion of the first liquid copolyner with
a second anount &onhisationeftadpldghyge@ndenigiendle ther adwren aempaYncdf 20

pol yi sobut ene hayj g |} 8Spat RRN4@@QUlgo$2 carbon atons in the presence of a
second anount of Y#'pée’rad?égl%'ihi tiator. -53 14. One or nore copol yners

havi ng tle gener &lonflwnationeof cyelic. lastobe ahdadiaton compopnd ses a whol e i nt eger
having | ess. t han (98- AkpBA NoHesS P3O A Bokar 1480 a whol e i hteger of 1rom 1
to 3; x conprises a whole integer of from1 to 20; Int. conprises one or
aroups. 15 By URBADNE ol CobPestities “nerei n one of R- and R
2bout 5 o about 1oL e e S R T o 15,
. . pol yners o aim or 15,
wher ei n ¥0he copplymamandipesi-reaipd polysugcinimislesinade npiegdhePEB/UARL7. A et hod
o s BBl LGRS el Pt ol NP RS BB BRN 0 o) o
presence of dispeesardaiddiives whem ased in I@Bricaing oils. When used as detergents
or dispersants, these additives may be used at about 0.2 to about 10 wt. % of
the total lubricating oil composition and preferably at about 0.5 wt. % to about
15 8 % wt. % and more preferably at about 1 wt. % to about 6 wt. % of the total
lubricating oil composition.
The lubricating oil used with these additive compositions may be
mineral oil or synthetic oils of lubricating viscosity and preferably suitable for
use in the crankcase of an internal combustion engine. Crankcase lubricating
20  oils ordinarily have a viscosity of about 1300 cSt at 0 degrees F. to 22.7 ¢St at
210 degrees F. (99 degrees C.). The lubricating oils may be derived from
synthetic or natural sources. Hydrocarbon synthetic oils may include, for
example, oils prepared from the polymerization of ethylene,
i.e., polyalphaolefin or PAO, or from hydrocarbon synthesis procedures using
25 carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process.
Mineral oil for use as the base oil in this invention may include paraffinic,
naphthenic and other oils that are ordinarily used in lubricating oil
compositions. Synthetic oils include both hydrocarbon synthetic oils and
synthetic esters. Useful synthetic hydrocarbon oils include liquid polymers of
30 alpha olefins having the proper viscosity. The hydrogenated liquid oligomers
of Csto C4; alpha olefins such as 1-decene trimer are especially useful. Alkyl
benzenes of proper viscosity, such as didodecyl benzene may also be used.
Hydrocarbon oils blended with synthetic oils may also be useful. For

example, blends of 10 to 25 wt. % hydrogenated 1-decene trimer with
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18. The copolyners of Claim 14 or 15, wherein the average degree of

pol yneri zati on of the copolyners is about 1.1 to about 20. 19. The
copolymers of Claim 14 or 15, wherein the average degree of 5

pol yneri zation of the copolyners is about 1.5 to about 10. ' 20. A nethod
for maki ng the copol yners of Claim 14 conprising reacting mal efic anhydride
with one or HoteeSpot.Yh 460 8L EH0degress F ¢ ssneraboil atequrefed@deax don at ons i n

t he presenC(;' gf. gne\ﬁﬂ more free radical 10 initiators. 21. The nethod of
Cl ai m 14, 1798P° &28Fn the pol yi sobut ene conprises: a. about 5 wt. %t o

about 20 wt. % C3hdbGigatiiy &il cc&i@@tﬂrataE avé alsBoenoisitipedt Thésadoncén(ide4, c.
%to about 15 wt. %

bout 20 wt. t 30 06 2 t 8 w
Bohito e A ohdesiars ahnu 40 t%f&ﬁﬁ&% U@ TeraBbOTOMARS Uy 06 ¢ o
about 2 Vﬁ %Q?@kl%ab&ﬂsmm W%f@ﬁmloym@am glé%dwmﬁﬁ gbsutt he nunber

average nol ecul ar weight of the co ol){ IS a out 1 to about 10,920. 23.

The net hod ot0 @t &k e 2Bow S0t V%kﬁ’é@éfﬁb&tﬁﬁ@"pﬁbloyf $Qmtt%rie abaut 20 whither 25
average nol e&f‘fhé‘%d&‘lﬂb@!‘{ie&%)&d %re?r?%hlc%ﬁyp tﬁt?c@nl?c%htlr et n%?in sﬁ‘ﬁ tnPOd for
si‘hg reac Ia ob

maki ng one or nore copol ynmer conpri I'ng I SO ene |ng | ess
t han about %Iwatbonale&themm&ﬁor’rmhdfei@rﬂgfs}mplm@ammsbrmgqoﬁeﬁebiee of one or

nore free ra i nptiators ndoe30 or opo rs _of aim 14. 25.
A et hod t orSHBRIs B etbRRERtES Kghe el iar PR AT ng < he ot eps
of reactiong labfidatin vVSTBSIEY, sefthatah@toﬂcefm’ateimaylbe%édilyanfxeawntharmunt of one
or nore pol y| sobutenes havi n t han about -55 ai) carhbon ataqns in the

presence of '4P¥¢atigg Oé{?r&mepa?e 'HE@C%WQ Yrcomnositions . Jiiablg IupAEating diSs to form

a first |iquhgdt mapekwses aéfHﬂuéﬁgQWIébglyfhaP@R/Fsbgélty% thé Paride! fidm labaui d
copolymer with a second anount of nal éfic anhém“e and "a second anount of

one or nore %ﬁ)l%%'bﬁ@@|$é¥b<PthﬂW9fSIaé§§CQﬂﬁ’ér{S 80 degieest at ons in the
b ‘ot e pol yagr SO Gy 1heu8LaBP S 6f WBRERirb Ry e e 2t orS. =6, ne
15 Other additives that may be used include rust inhibitors, foam
inhibitors, corrosion inhibitors, metal deactivators, pour point depressants,
antioxidants, and a variety of other well-known additives.
It is also contemplated that the additives described herein may be
employed as dispersants and detergents in hydraulic fluids, marine crankcase
20 lubricants and the like. When so employed, the additive is added at from
about 0.1 to 10 % by weight to the oil. Preferably, at from 0.5 to 8 wt. %.

E. FUEL COMPOSITIONS
The proper concentration of the additive described herein that are
25 necessary to achieve the desired detergency in fuel compositions is
dependent upon a variety of factors including the type of fuel used, the
presence of other detergents or dispersants or other additives, etc. Generally,
however, the range of additive concentration in the base fuel is 10 to
10,000 weight parts per million, preferably from 30 to 5000 parts per million of
30 the additive per part of base fuel. If other detergents are present, a lesser
amount of the additive may be used. The additives described herein may be
formulated as a fuel concentrate, using an inert stable oleophilic organic
solvent boiling in the range of about 150 degrees F. to about 400 degrees F.

An aliphatic or an aromatic hydrocarbon solvent is preferred. Preferred
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wherein: Wconprises one or nore of: R~ ~N ' 0 | 15 wherein: and -N~R3 ~R
4 R conprises at | east one of one or nore polyal kyls and one or nore

- pol yal kenes, wherein the polyal kyl s and pol yal kenes each have a nol ecul ar
wei ght of at |east 1000; 20 R-conprises nmethyl; RZ conprises polyisobutyl
having | ess than 32 carbon atons; Z conprises a polyam ne |inking radical
-56 m congsivesss inslugiedienzene dglienerxylensrar higherboiling asematieseer a whol e

i nteger of férema%c&mnﬁersxAm{mE'a&%% am%egig}@gswboﬂfat%e%hta% 20; Int.
conprises one or nore initratin al's; ' SE's  one or nore
term nating lgopzmpanolaiadbuwleaﬂ::mnlmbatauio%(hﬂwe I»kadam:endbamtibyl withdr ogen,

al kyl') phenyl, or take

et he ene Jng oup. 27. A
| ubri cating Wdlro%%%g f’?'ﬁ X% Plsé’%ﬂla i‘y’ '%Wg ?em(gfj I(5‘iq €of 10
ICIubri Cg% imngueml ehtyatanmeaammlnﬂrof &muunn@fwnmbe awmammeqibohhg opOl y(r)rers of
ai m 26. . Alu tin Il concentrate risi m about 10 wt
to about 90 'RP’Q%"B?} ° fif} QEngﬁﬁ\éPobﬁFXCeP aﬁP '67% /f’»rFHﬁFeg frogba%u tnto about
15 10 wt. % of wlrv, @b kbt S04R. ios ahd ﬁq)rylpﬁa@.%btyyfmra%boﬁtw@t o% @O aBANLr at e
conpri si ng 2%W*or anount of an inert stable ol eophilic organic sol vent

boiling int anrge of about 150 degrees F. to about 400 degrees F. and a
m nor anmount of the pol yner of

10 F.SURFACE SIZING AGENTS
Itis also contemplated that the PIB/UAR copolymers described herein
may be used as is or as an intermediate for surface sizing agents for paper

products.

15 G. POUR POINT DEPRESSANTS
Itis also contemplated that the PIB/UAR copolymers described herein

may be used as is or as an intermediate for pour point depressants.

20
The following examples are included to demonstrate preferred

embodiments of the invention. It should be appreciated by those of skill in the
art that the techniques disclosed in the examples that follow may represent
techniques discovered by the inventor to function well in the practice of the

25 invention, and thus may be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present
disclosure, appreciate that many changes may be made in the specific
embodiments that are disclosed and still obtain a like or similar result without

departing from the spirit and scope of the invention.
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20 Claim26. 30. One or nore post-treated dispersants prepared by treating
one or nore polyners of Claim26 with one or nore cyclic carbonate or one

- or nore linear nmono- or poly-carbonate under reactive conditions. 25 31.
The post-treated dispersants of Claim 30 wherein said cyclic carbonate is
et hyl ene carbonate. n 32. A lubricating oil conposition conprising a nmajor
amount of an oil of 30 lubricating E*a8wdefly and a minor anobunt of the

di spersant of C aim 30. 33. | wr § i ' entrate conprising from
about 10 wt.%to about 90 v;gz%);g{bs %’EEQAB’%CB ?c' %an i spersant of Cl ai m 30
and from about 90 wt. % to abott (b Ww. % of an oIl orf lubricating viscosity.

-57 34.. One or ,nore post-tre ' [ S epar.e y. treating the
pol ymer s of d ai &P&’e’“ﬂ%&%’?’}”&@% F’ggeq%%ﬁz??‘?ﬁzg’w tvﬁasoﬁ?gjegrtonore of boron
oxi de, baor on87a39gdsf, Chmpimatiacoltentiné Hstheses netk faski eqjuipped.with 85. A process
for prepari or, nor e, succi ni'ﬁ‘ides t hat cori’r(}érgi ses reacting a m xture

on
under react iRANBRH FraRyAshedtingaantie, Rad & Rechanicd sire'sde 199 a. one or nore

of at |east ppRc@bkRBght PB EorfglidedPd mbBurRnst abbut £2%theXBRe 8blskhpGSi nic acid
derivative, b. one or nore copolyners prepared by the process of Claimll

and c. one d¥siremer pod gbentsd§e C15Cagsompes. phive evdureorvapstépret @y one or nore
succi ni mde | =TI i ' | | nati

ati o of U r aiecieboltaP qered TS Lkh G BE'iHRE oA U By RBcRs SHEES 10 o "

pr epar ed by azeatropeguteanyi water.eTa thde mixtass 50\88 gad mikleic anbydvicer ei n t he

m xture co I.5eS;,a. .0Nn r e _of .an al kenyl [ ri-vatiye and an
al kyl succi ﬁ@'écﬂ"ﬂn H’Q?ia\gjg{e?vggqé%ret?.”“%’ﬁﬁ'étﬁﬁoar@%6’33?’3 'thbué\%{ (1) one or
mor e unsat urgrexide (0.01 Z mobagenadderinid fiy@ podivhs @vena hwo-holiypsidait Biews havi ng
| ess than about 32 carbon atons nd, _c. one o nore | yarg n 30 38. The
succi ni ni deéh%fef@%r?w%wasm?%%%?a‘f)h@%af&gae%{:i @’?1‘{ h%‘ggh‘%}ﬁy@ §h8W§ci nation
ratio ofjsabote drbRErieRBNENand 4% @Rebéted idv molecular weight PIB were then

removed by distillation at 190 degrees C. under vacuum. A total of 40.96g of

product was obtained. This product had a SAP number of 290mg

KOH/g sample. The M, as determined by GPC was 930 and the M,, was

1851.
20
Example 2
Predistilled C42-C23 PIB/JUAR
Copolymer Prepared In An Aromatic Solvent
25 In this example, low molecular weight PIB were first distilled to remove

any hexane diluent and any Cg isomers. After distillation, the low molecular
weight PIB comprised about 36.2% C1,, about 41.4% C, about 16% Cpo,
about 5% C.4, and about 1.3% Cag isomers. A mixture was prepared by
adding 427.3 g of Co aromatic solvent to 520.4g of the distilled low molecular
30  weight PIB (2.48mol) in a 3L four-neck flask equipped with a heating mantle,
magnetic stirrer and a Dean Stark trap. This mixture was heated at
134 degrees C. to remove water. Then, to this mixture, 206.8g maleic
anhydride (2.11 mol), and 6.5 ml di-t-butylperoxide was added in five portions
over 3 hours. The resulting mixture was then heated at 150 degrees C.

35 overnight. The solvent was then removed in a vacuum to give a product that
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-58 39. The succinimdes of Claim37, wherein the unsaturated acidic
reagent conprises nalefic anhydride. 40. A lubricating oil conposition

- conprising a major anmpbunt of an oil of 5 lubricating viscosity and a m nor
anount of the succinimde of Claim37. 41. A lubricating oil concentrate

conprising fromabout 10 wt.%to about 90 wt.% of the succinimde of daim
37 and fr om babatSAFONumbes of 2 100glebiYg sample. dbhefMagaf thid prefiuttwms cat i ng

Vi scosity. 4?6¢2°‘afnﬂ%e mqlg%(;%év@n% gé(}lgﬁl::"hébl%g @;@aj or amount of an inert

st abl e ol eophi ['i’'C organic he' range of about 150 degrees
F. to about 400 degrees F. and a minor anount of the succinimde of IS
Claim37. 43. One or nore post-treag}.:edmsjgc%i ni m des prepared by Treating
one or nore succinimdes of O ai m 3FXMUPEF % eactive conditions with one or

more of |5 near nono- carbonagg Alpha Defin/VRy epalyther20 44. The post-treated

succi nim de of Caim43, whpfepated e ARAIMAIESOR/EMti ses et hyl ene
carbonate. 45. A lubricating oil conprising a najor anmpbunt of an oil of

| ubricating 25 viggfaiiewadprepafid ¥y addiRy Bb.485 GieoR@SE sbieat®d succi ni ni de
of Claim43. 46. A |ubri catlgr?% oidllwconcent ratg cgorrpri sing from about 10

wt. % to about® 809 igtrariceena-h¢0.g63 mal) edftescrddingc?hil fg malei¢ aahydride43 and from
about 30,0 @22(’6%813?@% mbdur the BEuffg Mkt éé‘néét%ﬁtt{ﬂ%g‘&' ﬁFe%%' ty. 9 47.
onprisi'ng a major Aount of can ] 8t ab

A fuel concentrate ner e Ol eophilic
or gani ¢ sol vénovemight togemove laay matere Tdienabmixturdsd 2@eiyigaralelc antydridet o about

490 deor ces Ao RS TebuBl o RTRY BB eS g R o or S
three equal portions over 1 hour to the dehydrated
solvent/tetradecene-1/maleic anhydride mixture. The resulting mixture was
15 heated overnight at 135 degrees C. Then the solvent was removed in a
vacuum. A total of 67.09g product was obtained. The SAP number for this
product was 288mg KOH/g sample. The M;, for this sample was 4188 and the
M,, was 7334.

20 Example 4
Cis Alpha Olefin/MA
Copolymer Prepared Without Solvent
A mixture was prepared by adding 74.51g maleic anhydride

25 (0.760 mol) to 300.91 g tetradecene-1 (1.532 mol). This mixture was heated
to 131 degrees C., and 1.1g di-tert-butyl peroxide (75 mmol) was added in
5 equal portions over three hours. Then the temperature was raised to
150 degrees C., and the reaction was continued overnight. The product of
this reaction was then stripped in a vacuum to remove any unreacted

30 tetradecene-1. This product had a SAP number of 199mg KOH/g sample,
had a M,, of 14010, and a M,, of 33900.

Examples 5-8 show that low molecular weight PIB/UAR copolymer may
be prepared using the C4,-Cs PIB without any aromatic solvent. A heel
process, as described herein was used.

35
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succi'ni m des of C aim 37 under reactive conditions with one or nore of
boron oxi de, boron halide) boric acid, and esters of boric acid. 49. A

- lubricating oil conprising a major anount of an oil of lubricating
viscosity and a mnor anount of the post-treated succinimde of 10 Claim
48. 50. A fuel concentrate conprising a major anount of an inert stable

ol eophilic organic solvent boiling Example bange of about 150 degrees F. to

about 400 degrees F. and f reated 15 succi ni m de
of Claim48. -60 &, ¢ APIBAIRR HopdlyhBf PPGsrel

CAS. ALL. A[ L. A& R AHL. P8 AHgelProckss angdNa Additiongl Solyent  are ag . o, . AR
Agai ﬁf‘f} ﬁﬁo o Kt ,\Aq%%? oparea By g 5b. 028 ER Ea i b A3 AR - ALL?.
R A9e. A?. A&30A12% AT AIC,8 PPQBJA{R cofdlYNGInABwaHiRpARdd A Hebribb8 i\ ! L: }d} 45
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10"; A mixture was prepared by adding 229.06g PIBSA 2300

1o )mf«@rsz“‘m&' 2514 kol $amoleN DR, £ 758 ilusRl G ang L Do ()
- YGLO%H& () - P84 0g of thé 041-CQ RB/URREDYivdndr)rord BRample 1 (SAP number
290 mg KOH/g sample, 0.0442 mole) to a three neck flask equipped with a
mechanical stirrer, nitrogen inlet, Dean Stark trap, and heating mantle. The
10 PIBSA to PIB/UAR copolymer ratio was 70/30 on an anhydride basis. This
means that there were 70 moles of PIBSA anhydride to 30 moles of
PIB/UAR anhydride. After this mixture was heated to 100 degrees C.,
21.21g HPA (0.0771 mole) was added while stirring for 1 hour. The
amine/anhydride CMR was 0.525. This mixture was heated to 165°C for
15 72 hours. A polysuccinimide was formed that had 1.45 %N, 31.0 TBN,
0.24 TAN, haze of 2.8%, and a viscosity at 100 degrees C of 153 cSt.

Example 9 and 10

] Other Polysuccinimides Were Prepared
20

The procedure for Example 8 was repeated except that different
amines and different amine/anhydride CMR was used. The chemical and
physical properties for these products are shown in Table 3.

25 Table 3

Table 3 includes chemical and physical properties for polysuccinimides
made with a 70 to 30 ratio of PIBSA to PIB/UAR copolymer on an anhydride
basis and C1,-C2s PIB/UAR copolymer. The results from Examples 8-10 show
that a polysuccinimide may be prepared using the C42-Cs PIB/UAR

30 copolymer prepared as directed in these examples.

Example | Amine | Amine/PIBS | %N | TBN | Vis @ TAN haze
A CMR 100°C
8 HPA 0.525 1451 31.0| 153 0.24 2.8
9 TETA 0.5 082} 11.3| 160 0.97 0.8
10 HPA 0.5 1.35]128.1| 165 0.67 1.2
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aze of 11.0%, and a viscosity at degrees C. 6f 426 cSt

Example 12-13

Preparation Of Other
15 Post-treated Polysuccinimides

Polysuccinimides of Examples 8, 9, and.10 were post treated as

directed in Example 11.

20 Table 4
The chemical and physical properties of the post-treated

polysuccinimides of Examples 11— 13 are shown in Table 4.

Post-treated Polysuccinimide | %N | TBN | Viscosity | TAN | Haze
Polysuccinimides | from Example @ 100°C
11 8 1.37 {176 426 0.2 11.0
12 9 0.81 | 7.5 182 <0.05 5.7
13 10 1.29 | 16.3 372 0.06 6.1
25 Example 14

Polysuccinimide Prepared
Using C4,-C23 PIB/UAR Copolymer

A mixture was prepared by adding 49.9g PIB/UAR copolymer prepared
30 according to example 1 (SAP 290mg KOH/g sample 0.129 mole) to 1125g of
a mixture of sulfonic acid catalyzed PIBSA 2300 and diluent oil
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The product from this reaction was then reacted with 180.87g of ethylene

carbonate (2.06 mole) that was added over 1.5 hours. This product/ethylene
10  carbonate mixture was heated to 170°C for 14 hours. The product from this

reaction had 1.22 %N, TBN 15.7, TAN 1.05, viscosity at 100 degrees C.

254 cSt, and a haze of 11.9%.

Example 15

15 Polysuccinimide Prepared Using C42-C3
PIB/UAR Copolymer Using A Two Step Process

A mixture was prepared by adding 5.96g HPA (21.7 mmole) to a
solution of 102.86g sulfonic acid catalyzed PIBSA 2300 (SAP 52.5 mg KOH/g
20 sample, 48 mmole) and diluent oil 97.14g in a three neck flask equipped with
an overhead stirrer, heating mantle and Dean Stark trap. After heating this
mixture at 160°C for four hours, 8.6g of the C12-C,s PIB/UAR copolymer from
example 2 (SAP 210 mg KOH/g sample, 16 mmole) was added drop wise
over 30 minutes. The PIBSA to PIB/UAR copolymer ratio was 75/25 on an
25 anhydride basis. Then an additional 1.98g (7.2 mmole) of HPA was added to
the mixture. The mixture was then heated at 160 degrees C. overnight. The
amine/anhydride CMR was 0.45. The product from this reaction had
1.30 %N, and had a viscosity at 100 degrees C. of 234 cSt.

30 Example 16

Soot Thickening Bench Test Restults For Polysuccinimides And
Post-treated Polysuccinimides Made From C4,-C,; PIB/[UAR Copolymer

The polysuccinimides and post-treated polysuccinimides from

35 Examples 8-13 were reacted in the soot thickening bench test. In this test
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vacuum o en for 30 minutes at 50 to 55 degrees C. The viscosity of the

two samples was then measured at 100 degrees C. using a capillary

viscometer. The percent viscosity increase was calculated by comparing the

viscosity of the samples with and without carbon black. Thus the lower the
10  percent viscosity increase the better the dispersancy of the dispersant. The

results from the soot thickening bench test are shown in Table 5.

Table 5
Table 5 includes soot thickening bench test results for polysuccinimide
15 made from C4,-C,s PIB/UAR copolymer. Based on the soot thickening bench
tests, Examples 8-13 show that the best soot thickening results were obtained

when the amine was HPA instead of TETA, and when EC post treatment was

used.
Example | Amine/anhydride Amine EC/BN CMR % Viscosity

CMR Increase
0.525 HPA 0 100

9 0.525 HPA 2 29

10 0.5 TETA 0 267

11 0.5 TETA 2 135

12 0.5 HPA 0 111

13 0.5 HPA 2 36

20 Example 17

Samples were tested in the ASTM D-5967-99A extended version
(Mack T-8E) diesel engine oil test. This test evaluates the soot handling
capability of a engine crankcase oil with regard to viscosity. In other

25 words, this test evaluates a oil's ability to control viscosity increase due to
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n comprises a whole lnteger from 1 to 3;

R; comprises methyl;

15 R2 comprises polyisobutyl having less than 32 carbon atoms;

m comprises a whole integer of from 1 to 3;

x comprises a whole integer of from 1 to 20;

Int. comprises at least one initiating radical; and

Ter. comprises at least one terminating group.

20

2. The copolymers of Claim 1, wherein one of R;and R;

comprises methyl and the other of Ry and R, comprises polyisobutyl

having about 5 to about 25 carbon atoms.

& , 10%&" && () -

1 & &3109 M8 () - &

3

+310%" a& () -
088! 10% !\ & () - #] BbA410" &

&

&

&3;

0

) -

) 4 7?11 10% & Bé)%géfgﬂiv&eﬁt_bﬂ_ooo/m- & ()-4
I "10"en "

PN b %

feras 40-L10% & () -4 FLIL0% & ()-



vU410 & L10% & ()-g & L10%&' ()-g &@LO% & () -

& SMLO% & () - 1om'1om'1om' & 10%M & ()- \;|[:vU410 & L,z 10% & ()-2z& &L,z
10998 ()-z& & 10% & ()-& & 10%& ()- & 109%& ()- & -10% & ()-;x+ p
|[:vU410 & & 1 10% & ()-& &10% & ()-& Lz10% & ()-& &.z10%& ()- Lz10% & ()-
&AL0%W & ()-  =k)|[:vU410 & &&Y+10% & ()-& &F(310% & ()-f & &&10%W & () - &
o#g 10% & ()sf &JIfe We(mfc&.m-ma%\&ue(rém)tﬂ@adoﬂynvédéaﬁb Bquift 10%& ()-&
&4 109%&' ()-& &&310%W & ()-& &1s10% & ()- & .10% & ()-z

& :109% & ()-) ./ 013t=kigndempergre ) - ) 0% & ()- 10% & ()-

109 ()-10"10" 10" &l <- 10% & () - ahP: |[ vU410 a&! 10%"a& ()-)

&N&! 109&" &&' ()-) 0& 10%"0& ()-) y& 10%!y& ()-) ~& 10%"~& ()-)

88! 1098 & (4-) ;) Fhesmplyneers agowsing o Claim 1gr 2o eherefn the copolyiness () -

10&" &10&"&10&" & O &&! v

83(110% & ()-13( ! @@%(% m"%Egbf]a%(%W%F&'zat‘F ggﬁ%@dgﬁ%‘%“’e Bg :110%

& ()-: o0& :!10% "imide deriitiveamd 28metawallderivalive. 109&' () - ( =10% & () -

10% & ()-10"10"10" &Y;10% & ()- & 3(!'10% & () -=%B0-&&&' | [: vU410 &

j S 10N () -G &&Y#10% & ()- & 10% & ()-M N9z 10%"; & ()- &9z 10%& () -
5. The copolymers of Claim 1, wherein the average degree of polymerization

of the copolymers is about 1.1 to about 20.

10
6. One or more copolymers prepared by the polymerization of
one or more unsaturated acidic reagents and
15 b. one or more polyisobutenes having less than about 32 carbon
atoms,
C. in the presence of one or more free radical initiators.
7. The copolymers of Claim 6, wherein the unsaturated acidic
20 reagent comprises maleic anhydride.
8. The copolymers of Claim 6, wherein the polyisobutene
comprises a mixture further comprising:
25 a. about 5 wt. % to about 20 wt. % CgHys,
b. about 35 wt. % to about 55 wt. % C2H24,
C. about 20 wt. % to about 30 wt. % CyeHag,
d. about 8 wt. % to about 15 wt. % CygHao,
e. about 2 wt % to about 8 wt % Cp4Has, and
30 f. about 0.5 wt % to about 2 wt. % CygHss
9. The copolymers of Claim 6, wherein the number average molecular weight

of the copolymers is about 231 to about 10,920.
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5 wherein:
n comprises a whole integer from 1 to 3;
Ricomprises methyl;
R comprises one or more polyisobutyls having less than 32 carbon
atoms;

10 m comprises a whole integer of from 1 to 3;
x comprises a whole integer of from 1 to 20;
Int. comprises one or more initiating radicals; and

Ter. comprises one or more terminating groups.

15 15. The copolymers of Claim 14, wherein one of R, and

R2 comprises methyl and the other of Ry and R, comprises polyisobutyl

having about 5 to about 25 carbon atoms.

16.  The copolymers of Claim 14 or 15, wherein the copolymer is liquid

20 at ambient temperature.

" 17. A method for making one or more copolymers of Claim 14 comprising
reacting maleic anhydride with polyisobutene having less than about
28 carbon atoms in the presence of free radical initiator.

25
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23. The method of Claim 20 or 21, wherein the polyisobutene has a humber

25 average molecular weight (M,) of about 150 to about 240.

24. A method for making one or more copolymer comprising reacting
polyisobutene having less than about 32 carbon atoms with maleic
anhydride in the presence of one or more free radical initiators and one

30 or more copolymers of Claim 14.

25. A method for making one or more copolymers of Claim 14 comprising the
steps of reacting a first amount of maleic anhydride with a first

amount of one or more polyisobutenes having less than about

-55.



9" 109 & ()-yMygggg, hUn|[: R11 9 9 61099+ 9& ()- 9 f51099+! 9& () -
0@109®+! 9& ()- 9f 21099+ 9& ()- 9 091090+ 9& () -

9@ 1099+! 9& ()-UnYh[ h\ h] h*hhhtizY81 9 Vv10% & ()-- 109%& ()--
H910% & ()--109z 9109z 9109z 9109z 9& ()-  9Y<109%®z

9& ()-tii*jYjjjBk{Z9zY81 9 9l & s10%&! && ()- 19f- 10% & ()- c9f- 109 & ()-
59f- 10% O'& () - %ﬁab&@%(m in)the prek@iE&of 4 figsdiakidiintB) Bﬂféﬂ:i mm?elﬂéé&

9l <109&! && () - eS9I610% & ( g ¢ 9 T +Y10%&! && ()- 9l +109&! && () -

| +109%8 1" & () - (1'9%1"'61630(9; TR ithesrohanar and @ 10% & () 9@L0%

5&(%) zioéf)?lo&' %%ofpp%%’?‘ﬁgﬁi% fgggmi'wi%%%og'??r Wil 3 5EEP9 31U 506 & () -

oL 10% & ()- 9 m%lejc(a)nhydﬂde gm)%s&baér)d apByalpfoye i NSOGB M () -

910%wP! Mg ()-10 10 10, 9l ;10% & 9#! 10%

2 O) aaagatir 1. yoig tess b8 Al 42 eaBEl Hire e WSS a1 oot e () -
, S109®! & () -z 9, SEEGAMEBMOLINEZofbNEIEIMETeNRe adicalmdtiatsrs) [ - vU410 9
92810%WP! M&' ()-2z9 y, 10%!& ()- 9y, 10%WE ()- LS& 10%?! (& ()-3

OLS&! 109%VE ()-3 9,!10%WP!I M& ()-zttttttt TuuzY810 9@®! 109®+! 9& () - 3-
09! 10%+! & ()263- 1@ MNI%!M #sl\ﬁéﬁﬁﬁd?thggeh)eral f&hud 8R! M& () -
9&610%WP! M&' () - uavvvvTwx| [:zY810 9 1099+!9& ()-f 99y109%®X 9&' ()-z
Oy @0%0+! 9& ()-? 9LSz10%0+! 9& ()- 9@ 1099+ 9& ()- u

10%i+! u& () - xx~xyyyz|[:2zY810 R .130%+°& ()- 7 91.!110999& () -
M. 1T10% & ()- 7 9X) 1099+! 94 () - nS3%WOYH & () -|S 9#1090+! 9& () -zzz727
{{D{vU410 910% & ()- 9 10% RI[ & ()-Z 9, L10P6 R & |()-109+! 9109+! 9109+! 9
9Y<109®+! 9&' ()- 9 L9109®+!9& ()YrD{ | {IIIII][:vuglo 9 9 " 10% & ()-f9
9s!10% R "& ()-9 910% R "& ()-$% O ()- 910% & ()- 910% R " & ()-
Ry
Int1] \/;\
R, \‘Ter.
J — —n
— m
— - X
10
wherein:
W comprises one or more of:
R
Rs
021 —N,
NS0 o
| and 4
15
wherein:
R comprises at least one of one or more polyalkyls and one or more
polyalkenes, wherein the polyalkyls and polyalkenes each have
a molecular weight of at least 1000;
20 Ricomprises methyl;

Rz comprises polyisobutyl having less than 32 carbon atoms;

Z comprises a polyamine linking radical
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&910(V R 16 (- lubricating viscosity and a minor amount of one or more of the

polymers of Claim 26.

28.  Alubricating oil concentrate comprising from about 10 wt.% to about
90 wt.% of the polymer of Claim 26 and from about 90 wt.% to about
15 10 wt.% of an oil of lubricating viscosity.

29. A fuel concentrate comprising a major amount of an inert stable
oleophilic organic solvent boiling in the range of about 150 degrees F.
to about 400 degrees F. and a minor amount of the polymer of

20 Claim 26.

30. One or more post-treated dispersants prepared by treating one or
more polymers of Claim 26 with one or more cyclic carbonate or one

or more linear mono- or poly-carbonate under reactive conditions.

25
31.  The post-treated dispersants of Claim 30 wherein said cyclic carbonate
is ethylene carbonate.
32.  Alubricating oil composition comprising a major amount of an oil of
30 lubricating viscosity and a minor amount of the dispersant of Claim 30.

33.  Alubricating oil concentrate comprising from about 10 wt.% to about
90 wt.% of the post-treated dispersant of Claim 30 and from about
90 wt.% to about 10 wt.% of an oil of lubricating viscosity.
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1.4.

20 37. One or more succinimides prepared by reacting a mixture under

reactive conditions wherein the mixture comprises:

a. one or more of an alkenyl acid derivative and an alkylsuccinic
acid derivative,
25 b. ohe or more copolymers of
(1)  one or more unsaturated acidic reagents and
(2) one or more polyisobutenes having less than about
32 carbon atoms, and
C. one or more polyamine.
30
38. The succinimides of Claim 37, wherein the acid derivatives

have a succination ratio of about from about 1.1 to about 1.4.
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39. The succinimides of Claim 37, wherein the unsaturated acidic

reagent comprises maleic anhydride.

40. A lubricating oil composition comprising a major amount of an oil of
5 lubricating viscosity and a minor amount of the succinimide of
Claim 37.

41. A lubricating oil concentrate comprising from about 10 wt.% to about
90 wt.% of the succinimide of Claim 37 and from about 90 wt.% to
10 about 10 wt.% of an oil of lubricating viscosity.

42. A fuel concentrate comprising a major amount of an inert stable
oleophilic organic solvent boiling in the range of about 150 degrees F.
to about 400 degrees F. and a minor amount of the succinimide of

15 Claim 37.

43.  One or more post-treated succinimides prepared by treating one or
more succinimides of Claim 37 under reactive conditions with one or
more of linear mono- carbonate and poly-carbonate.

20
44.  The post-treated succinimide of Claim 43, wherein the carbonate

comprises ethylene carbonate.

45. A lubricating oil comprising a major amount of an oil of lubricating
25 viscosity and a minor amount of the post-treated succinimide of
Claim 43.

46. A lubricating oil concentrate comprising from about 10 wt.% to about
90 wt.% of the post-treated succinimide of Claim 43 and from about

30 90 wt.% to about 10 wt.% of an oil of lubricating viscosity. .

47. A fuel concentrate comprising a major amount of an inert stable
oleophilic organic solvent boiling in the range of about 150 degrees F.
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48.

5
49.

10
50.

15

to about 400 degrees F. and a minor amount of the post-treated

succinimide of Claim 43.

One or more post-treated succinimides prepared by treating the
succinimides of Claim 37 under reactive conditions with one or more of

boron oxide, boron halide, boric acid, and esters of boric acid.

A lubricating oil comprising a major amount of an oil of lubricating
viscosity and a minor amount of the post-treated succinimide of
Claim 48.

A fuel concentrate comprising a major amount of an inert stable
oleophilic organic solvent boiling in the range of about 150 degrees F.
to about 400 degrees F. and a minor amount of the post-treated

succinimide of Claim 48.
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