TITLE Quaternary Amonium Salts For Use In Fuels and Lubricants
BACKGROUND OF THE | NVENTI ON 5The conpositions of the present

i nvention include a quaternary amo- niumsalt. Such quaternary
anmonium salts in a fuel conposition reduce intake valve deposits and
remove or clean up existing deposits on the intake val ves. It
is well known that liquid fuel contains conponents that can degrade
during engi ne operation and form depos@%These deposits can lead to
incom 10 plete conbustion of the fue ulting in higher emn ssion
and poorer fuel ecofasyrnaryammesiuin S#s,FosUb [aFudiet:ad ¢RBtisantar e wel |
known additives in liquid fuels to help with control or m nimze
deposit formation. As the dynam cs and nechani cs of an engi ne

conti nual advance, the reqyferercurb ohafualvaNgiorvol ve to keep
up with these engi ne advancenents. For exanple, today's 15 engines
have i nfector systEm edaposiians ofrthe Ipsssenbingeriiec D peateinaryaammo-
hi gher pressure to..e - 10 r 1O or .
conbusti on cﬁlglﬁ eS%.l t %g%ggﬁité%gév%ﬁ@%lﬁ&a%agﬂgg%gg?ltC%@ggcltoggﬁd?Cﬁ Ifltr%lléeée
new engi nes hedvdbdeponis exd tenoade dr cleaptupreaistiapeepdsivronahe tmalayvadves.
engi nes. Advancenents in fuel addi.tive. technol ogy, such as
detergents, have ésorvgﬂ }f”f‘i’évnf&‘éghﬂ'éldkfé]@ QAR %H’PH%%S %%‘P\&F&"@de
advancenent s. dubhigr @fgdieCopdigtich sl Rrie@Holi®y. TesddRbbiileeanapablLinebm-
provi di ng acceptable performance in a liquid fuel to pronote optinmal
oper atil8n of RligGageabestignnes the fuel reggtigg gmohizher gmissiess@nd poorer fuel
pol yest eram r ;@ N i e T (i
pol yhydr oxyc;rslfc ngxir}?i g%gt?dggﬁ ﬁsi ﬂmlj%sgﬁerr%%@diaa@wglll gﬁg{vﬁ iagérlitlr‘{eesf i Ikcg'u(bs
4,171, 959 di siiebgediely wish gontieledr miofmpigsidepenit Homatidomi rg e dyeamias ynd
ammoni um sal t f sycci ni m de, Th aternary ammoni um salt .has a
counterion ofn%g 4 ﬁsaol%,canae%?%ﬁ%iﬁna ugl %('Fl'vag “ea¥ 5)%9'1"5?“&?&%3 of The fuef st
4, 338, 206 andewdB/edt326e 9P dithcthosesntivel advangeatints. Orfor Cxaindld)i todayds
guat erg?ry amoni u;ﬁasal. t. of a succinim de, ] erfei n the%flmmni um i gn
i's 30hdPer ocy @& DRYFAIPEOL PYFIIHA" GAY ¥ SRgLler tolerancegand qppsatgas higher
di scl oses a fyigbsudd td WRARAGRL kD sPiay @OTHROSHHIRELI60 M Aot tIGtidh CBathBerCA
polyolefin with a, Mv of 800 to 1400 salted with a pyridiniumsalt.

US 5, 254, 138 eresitorisgendioyand deprséisradpeiion bhibgsai iy gngivat hpppecome
product of a : Jo U } g toh ] a
hydr oxyal kyl gggﬁégﬁ%ét;ﬁgﬁ%gﬁtﬁ%%gg?%yb%%%%56@%‘%%% gg?%’sguse l gddltlve

| ubri cati ng odeefthmplogyiehbcle entdgiarzengs.ahayaatnebledrthe fBelatoniorpunp sdtht theke a
hydrocapbon with a t on to triethyl di am ne.
The quaber narreadlinSendi?. Pheitdhe BROFIC ookl fof W afIREY PERDTe or
phosphat es, aprkyidpipsqhpi:ble, petfoanbkydepinasidat €l tb pk@hes, optimal operation
al kyl bor at es,?ﬁi %ari,t es,. nitrates, carbonates, bicarbonates,

al kanoat es, afd®8*02 8%yl di hti ophosphat es. 10US 4, 248, 719

di scl oses a fuel ars lsuloniBatditdodk lpoGREeainind defrsirabeialdibye @meaeﬁyg
salt of a succinimde with a nonocarboxylic acid ester. US 4,248,71

does not t eachParsiRfgeadyhysikocaony e adiis withslerarood dialkylanetriagdng
presen of fluidiser t j .

succi n?rgn de with g}ﬁé;l 73’5%? hcggtggn%%\g ﬁ%ﬁi%ﬂ?@?ﬁ%ﬁ%&%ﬁ%ﬁﬁ%%y Eétgicr:ntaé}a
with a salicydnameniugbidBshr2581coBimuied T8 a6 Ahmdsiomosé tas faumun-

conposition containqi . uaternary a niumsalt of an
ester-| act one<1ion Oparﬁ%g%, f’;‘%’?’ﬁ‘}%ﬁ?{g%@&f%ﬁ ubricating oil or fuel
containing a quat eyfiar3p3RvELHIUTS SIcH 26, I3 @i sd1ysbs Faalr dipoditidas RoMbirRhg

350 to 3000; and the remaining groups to, the quaternary nitrogen are
sel ected frord ﬁﬂgew%ﬁmmon@mi sgly ofapsuccinimide, wherein thé ammonium ion is

30 heterocyclic aromatic {(pyridinium ion).

US 4,108,858 discloses a fuel or lubricating oil composition containing

a C2 to C4 polyolefin with a Mw of 800 to 1400 salted with a pyridinium salt.
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20al kyl, C2 to C8 hydroxyal kyl, C2 to C20 al kenyl or cyclic groups.
The present invention, therefore, pronotes optinmal engine operation,
that is, increased fuel econony, better vehicle drivability, reduced
em ssions and | ess engi ne mai nt enance by reducing, mnimzing and
controlling deposit formation. 25SUMMARY OF THE | NVENTI ON The
present invention further provides a nethod for fueling an internal
conbusti on engi ne, ising: A s | ying to said.engine: |

Shioh i s i quid ot US g nlicitiss & BBl eitsiton Ganieb e Fy e ramHeT
sal t conpri si &Ua tgaeyalieachcsRicPidsitie Ofith égaolwmﬁna aRatdalke9t gaaternary
hydr ocar byl substituted acyl ati ng agent and a conpound having an
oxygen or nit #BHERugt K- capabl e of condensing with said acyl ating
agent and further :h@ﬁld%@,ltqagab&%mﬂ}mu@ﬁyef iR dokBinifk a quaternary
quat er ni zi ng agent suitab or converting the tertiary a NG group
to a quét er nazymehiunosahobahedcarboh emdualvéw oif z’SiSfigo é@@@]bon®d§eltscﬂlﬁfd
Lo e OO RSt BBl G hasa <o lERRE T Wheris, g
substituted carponate droEsY epd& &8s ¢o fﬂ%tfo %&?ﬂ1fﬁP
acid or m xt ukgRiet hlﬁfospfﬁates alkylphosphéféte dpdlkglphbsphatesnbdrars, alkylborates,

additionally provides. for a fu ition conprising a fuel ich
is liquid at ‘E‘Hbtﬁ?’t eMEHEt ur S25 HEF“SS qugf"éF‘?‘P&F‘ S’am%]FﬁnB%ei’Osé‘PEi m éh
conpri ses theqibRafdih@spHBEheGt of : a. the reaction of a

hydrocarbyl substituted acyl ating agent and a conmpound havi ng an
oxygen 18r " ni t r ogenUattetthéeHfatibadosss aclynbienbibrigating il sentainies r auatatpary

agent and fUr&Hﬁ%nﬁﬂ}“sﬁﬁbffe%eﬁécﬂﬁ% iR 9" ﬁ]e ter?&ghc ac1d &tef5gr0up

quat erni zi ng agent suita for converting
t o a quat er na,248719 algen not teach, suggasher eothemhﬁ: disalose F]DWI ngplagefuelsi s

select e, oS canei e al gl Kkt thinkine: MG eRRR R

acid or m xt upbsARAeE éfamine. The spccmﬁh‘h& Bﬁli‘é‘lﬁfbhctb&\ﬁ&ﬂia Qﬂhcy&tea| so to

o LUbr et g ComgEL A TR S Do S SR conin
a quaternary ammonium salt of an ester-lactone.

US 3,778,371 discloses a lubricating oil or fuel containing a quaternary
ammonium salt of a hydrocarbon with a Mw of 350 to 3000; and the remaining
groups to the quaternary nitrogen are selected from the group of Cl to C20

20 alkyl, C2 to C8 hydroxyalkyl, C2 to C20 alkenyl or cyclic groups.

The present invention, therefore, promotes optimal engine operation,
that is, increased fuel economy, better vehicle drivability, reduced emissions
and less engine maintenance by reducing, minimizing and controlling deposit
formation.

25 SUMMARY OF THE INVENTION

The present invention further provides a method for fueling an internal
combustion engine, comprising:
A. supplying to said engine:
i. a fuel which is liquid at room temperature; and
30 ii. quaternary ammonium salt comprising the reaction product of:
(a) the reaction of a hydrocarbyl substituted acylating agent

and a compound having an oxygen or nitrogen atom capable of
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the reaction product of: a.the reaction of a hydrocarbyl-substituted
acyl ating agent and a conpound havi ng an oxygen or nitrogen atom
capabl e of condensing with said acyl ating agent and further having a
tertiary am no group; and 25b. quaterni zing agent suitable for
converting the tertiary amno group to a quaternary nitrogen wherein
t he quaternizing agent is selected fromthe group consisting of

di al kyl sulfates, hydro : i ; y )
epoxi des i n conbinati oncﬁﬁtgﬁﬂsgﬁé]g}ﬁldgag gﬂ%lﬁttﬁ{ rgés&% %gcrl ggl?‘ﬂ?é’rgﬁdgh%n%rt%i n
the oil of lubricating ViagesinygiogpasmdAPl Goup |, I, II1I, 1V, V

300i | i h . . PTL THE | NVENTI )
varl s preterred 1 oot uny Bl ot e Tor M MYE R Seiary

way of non-limting ill ustihatst@up tok @latkradrytdiigodenventi on 5This

i nventign involves a gyaternary ammoni um sal.t in ). a fuel com
posi ti on, (2) a | ubri Eweﬁ’g%tfoﬁ’tfa%@ﬁ%a%}i ésle%tg Ao eofroR EPRHY-
an internal coplfshilIRyl SNEIE. hylidScasyTRBkiithRE TafithalB! RRHScRbyIt dx-
present inventron mnimze, reduce and control deposit formation'in
t he engi ne, widpein qosthiesions wish ag epid piprixbyes thewabt es drivability,

vehi cl e mai nt enan 1SSt I I ]

engi ne operation. G%Seﬁ B ﬁ%ﬁﬁﬁr{g%&%ﬁﬁ%kﬁ%@gﬂé% gér:r %ﬂ%? ﬁg‘%B?ﬁ{s‘!é‘?fJ’m'

[ nveBti on ]E:olrmuﬁsiis%s fu.laa_lfwldbh whliqlid ias rqlfigmtm;cmbaat}lra)md 1 qrzrtemt}ra}mmgﬂu?
can be . ysefu n _f.uel i ng.an _engi ne. uel is normally a liquid a
b entUoond: 1 SHEEE comBridE S Rafiin RBE 0 to 300, 15 The i uel
can be a hydrocarhbon théekeactomWthy diyaeaabBon-shbitute@r ac ] Minkt 4@t and a
t hereof The hydrocarbon fuel can be a petroleumdistillate to include
a gasol i ne asCOREIUAL J2KYSASTNIVERR T PItEAEEN GHPrDeRRablg Pl gondeasing withetaidys
defined by ASEMSigGLEMCAIRANHind DA ahodl gRAp; #la the i nvention
the fuel is a Qasoline, and in other enbodinents"the fuel is a | eaded
gasol i ne, or a norl-eadeaia@nigaed aper. suiteblm detheenventieglithe ertiofy ahiiso

i nventijgn the,; ' [ | . The hydrocarbon fuel can be a
hydr ocaltgbon p%lggélﬁoe%aﬁﬁegﬂa argiltrtogafi qui d process to include for

exanpl e hydrocar bons phepan det tyataninine essit Sustieasd fiven Hesgrhep Towyiseh

process. The .nonhydrocar fuel, can he an.oxygen containjn

conposi ti on, IBgtOZrﬁﬁ?]gﬁesr“?%gest yéléocﬁgb}g)?ﬂ?ggﬁﬁéé%a%é’nia%ﬁ’la}l&@éo%ﬁbyl epox-
al cohol, an edbein, codbhiRatlont Witle an afideshekt@ds eaf.boxylic acid, a

ni troal kane, or a gy xture thereof_ The nonhydrocarbon fuel can include
for exanple methant ezpr%*iel’i‘fﬁﬁme?t‘%tslﬁ?o 10 HUOPICA RSP IR HYFOTBRTHYE an
ket onepot r ansgp benitric@dn®@isso@NdAN af @laferfdr BriRhalhs &My AL @htHrREsh
as rapeseed nethyl ester and soybean nethyl” ester, and nitronethane.
M xt ures of HjpereweHpborPdatoonhydr ocarbon fuel s can include 30 for
exanpl e gasol i ne gnd . /0 ) i: . an

et hanol, and di esel fgg%l yg%ghgﬁ{b ?aang%{cg%i%ﬂ Eéu&q%ﬁg% a%)’l”?"Jm 3gen§sand a
rapeseed net hyompeshéhaving aamxygbodi n#rigenfatdnheapaeof t@nlehdiag Withusaid
fuel is an enul si.on of wat in.a 4 hydrocarbon fuel, a

nonhydr ocar boaﬁ:yfa,_f]lgg asgit agdﬁ‘qfﬁfrhéw{%ear %gfa_ry PRIRBFOMRI arléinboqi ments of
this ingention the. fuelque@thifid¥eagens Wuphble fRNE@Rerdly thogédhly RATLS
that is 5000 ppmor |ess, 1000 ppmor |ess, 300 ppmor |ess, 200 ppm
or |less, 30 pHRYREC pagaternsey DErapsmiereiadhe quafenying egerd iboelreienh fronhe

fuel can the group consisting of dialkyl sulfates, hydrocarbyl substituted carbonates;

hydrocarbyl epoxides in combination with an acid or mixtures thereof; and
wherein the oil of lubricating viscosity is an API Group I, IL, III, IV, V

30 oil or mixtures thereof.



5 have a sul phur content on a weight basis of 1 to 100 ppm In one
enbodi ment the fuel contains about 0 ppmto about 1000 ppm about O
to about 500 ppm about O to about 100 ppm about O to about 50 ppm
about 0 to about 25 ppm about O to about 10 ppm or about O to 5 ppm
of alkali netals, alkaline earth netals, transition netals or

m xtures thereof In another enbodi nent the fuel 10 contains 1 to 10

ppm by wei ght of al kal 'D%@QQEED D@SQIPQ%I@‘H}{ ﬁ@EggﬂngﬁnSI tion
metals or mxtures the ' t f uel
contai ni ng al kal i Yaialprefatrkdli¢ateeeand hmibredialenis wilhbs deéscdhedrbelalvsbyor
m xtures thereof ave a.greater tendency to formdeposits and

t heref ore foul"*of }E)cfrham S¥9™ i nj ectors. The fuel of the
invention is present in a fuel J}ﬁemwmpé;'[ﬂvieﬁnoﬂn a maj or anount that
is generally greater than 50 percent by weight, and in other

embodi ménts is pr e’elﬁﬁﬂnv&f‘“@‘? é’é’toe‘fest%‘é‘iﬁt‘%afﬁeﬁ’r@@ﬂﬁmﬁys%l‘bﬂﬂ %’Pb&‘ffﬁT
than 95 perceﬁﬁsltmﬁ ‘(‘@)‘QMbrthﬁﬁé’E@xﬁ &hﬁ@n 954 3 PLHcaINd cﬁyfu@@ﬁ%ggﬁ mt@trnal
greater t han 99. 8 percent by wei gh F Quat er nary Ammoni um Sa

conposi ti ons @mbisdopreegiont Thy esmpenitioonprd gethods ofuhe @rmnwnemntlon
nmoni um sal t o] uct f t

of a hydroca%iqqgé%bg?d’ °§{%§ cragtr ?géosﬂgfoglﬁé)tg glc%%p Tr}%ﬁ %gi&ﬁlﬁéan
oxygen or ni tﬁuege;nnahmnomagﬁbmetasf dnoﬁdb@swumm tihais@ndnas ydrall irddiyces
agent agnd further, having a tertiary amno grou and (b) a

quat er 1P2i ng THERENSHPEAEREPIFOPPUBHLCIEDS SREFAIRy the tertiary am no
group to a quaiegrnary nitrogen wherein the quatem zing agent is

sel ected fromthe roup consi sting of dialkyl sulfates, hydrocarb
substituted carbo el SRIAPASEEILI the PEsee Blel v P QTR ERSS Briueli wlhwéms
acid or m xtug (RRTOTUE: T f ﬂ{r?mﬂ a

nmet hods for glrﬁgg%?%%?{egﬁ%ﬂgaﬁn@ %re desgplrlg fMell t %@flgiﬁﬁiﬁm
patents, whi cttprmali}’faehelbﬁ atrotrigdreanditiony ergf woon tappdusus 8310980 C)US

g Zg?l ﬁé U‘?Eﬁlé ér 6car %Lglshgur%é‘%rb? @é’ ]U Pglg)%rgca 0]”'{rjlltrfl ‘Siel’U%r 2 ’FH’é*“”e

hydr ocar byl suhb&bf t u’rm hadx;dcaﬁblongﬁage:ah lmaf at bﬂrq@emedlttilﬁawentimmdb&

the reaction uct ai n .hydro neral |y

obyo o n e s e Y o O S a R B S B W 05 Rud e Gefined by
reactant suchAssM bpec#ichBoATIMEASNS @ uﬁmd%eﬁt%f&hglﬁvaﬁmrth@wéu B a
acid such as fumaric acid, itaconic acid, maleic acid ii

)
derivatives ofaspiige. apdin aenembedimeats thy fuet l%leeéedageehe?a o @rmoplegded
mono- gp di - egc‘atsgfﬁe of aﬁbﬂler &thbddimexe (gigthmﬂ‘?é}ﬁﬁﬁttﬁé 89 £3ids01 £20 The
nonocar boxyli ¢ acid such as acrylic acid and nmethacrylic acid.;

(iv) derivat |I%ei$0@rbqr1 fuie) canbh adyd@carpnBrentedivol 2 e iwb@hlésmeqess tsf

(i) wth an El)ga(n%a E ﬁ?ﬂ (? e e ;
the general 1 Forrru ?%%ngé—%ﬁggf%l@% 39 95} 5 %V\%egi:ﬂ% glgp%r f
Rl and R2 is, Tnopdc&p@m:heml yThehydniogkocaobora fh@,ldcmaebmrl okgs@ad cdftaining
group. Each of i ndependent | y r.ogen. or, )
yar bear bon HASESIGu BIEHFEPREA §° S OFLErSteo el S SRk caiher,
based gsoup CcoORéBASIAEsRE of @28FH0R011€ 86RO nRERAMRNe, or a mibEhRfthéreof. The
polymers for reaction with the nonounsaturated carboxylic acids can

i ncl ude pol yniggndydiospiopsifig] can ieglede fosiexpmplsonethangl, ethanad, wethyl ebyyl
G to & 20 r%ﬂ&()llﬁéthﬂ e fokeRJn%f 'tl@tﬁsés[kﬂﬂeqeoﬁst QM&/%P%FPE%Y})QH% and

butyl ene, isobutylene, tene, octene- or styrene
can be honopoinymelss ssac rusa$ame¢e;d| srwhlyiyleeﬂae argis sm@%bdanammlupobgtmer sncbf

two or nore of. such ole rs ,of t.h and
propyl ene; bu?vpgﬁgmgﬁ'd 1§ng ﬂ@ﬁ%o B%rbéﬁﬁ%nlﬁﬁgoca bcg%‘tﬁﬁfecﬁg.m(‘clf%eer
copol yrers i nﬁ)lredenplhcg&eolm aMdll xﬁbthancm andfor BEHamb], aesunfucdhnd Banol, and
copolyrrer 25 nononers e. grmle% a C4 to Cl8 dlolefln
e.qg., a copol fEst sl %@O%H@Wéﬁﬁeﬁa @Ieﬁt%? s 1gpesged Gy psterofn an

embodiment of the invention the liquid fuel is an emulsion of water in a
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Eur opean patent publication EP 0 279 863 and the follow ng United
States patents: 3,598,738; 4,026, 809; 4,032,700, 4,137, 185;

4,156, 061; 4, 320, 019; 4,357, 250; 4,658,078; 4,668, 834; 4,937, 299;
5,324,800 each of which are incorporated herein by reference for
rel evant disclosures of these ethylene based pol yners. 5In another
enbodi nent, the olefinic bonds of formula (I) are predom nantly

vi nyl i dene grwéﬁr&ﬁ% eqt &y Xrotc%oflof’ulepg_‘rg?ﬁu%')iﬁwltﬂ&eoﬁzgnl—%gg%

wherein Ris rocar group 10 H2 cCH’ wherern
hydr ocar byl g¢mbmilments of thm ipyentiontbelifwed wan hahea wilkphln dcﬁrleato:mm greighof

2t 1 eact  about ko bl iRy e Obeprl e S hab PSSt 2B 56

mol e % vi nyl i iEes) SO0 RS lesSyeh IUﬁip@’f ballesandn MBbiNRE $mbadinne PR filtd can
t hem arg descri bed Ir‘hU S. Pat. 5,071,919; 5,137,978; 5,137, 980;
5, 286, 823, 5, MY 058P %cse&enba@aveelalstsbafwf Fiogko . dm@ngemgbodiment

Publi cation Ngg. fu@lo&fh@ak@éé&@h p&ﬁ%%@i@ﬁ@ooaﬁﬂn@&ﬁ%ﬂ%%%ﬁ@sog\’gbﬁh

are expressly incorporated herei'n by reference, such products a
commer ci al | y @heai Ddblabowy] WASF, ahegef teibhet 3¢ apll@nabmlt@l_ﬂog@@mz § ppm,

and. by Texas, gkt GQUSHEho Lo UDISh! 05, 4 AReRP TR TPEARCETNADE, TEC

595TM rocar acy I'ng agents
fromthe reachemis, mrfanmhen nmmlumaﬁmtmée&emfbdﬁﬁnbmeaemwﬁmﬂtaimit firihd

t he conpound of for ) ar e wel | . kn n.the ddISC osed in
the fol'Powi ng"PH %%1 J(%PP% ¥ Rgight 92 '\%aée_nee 3 aﬁ@li@ &erf 1798ta{s,

cause a ther nmﬂs;tﬁﬁlemefaqasaﬁi 9utR thatesf.pl RGE ;wdlk Baoviidtn tNOSt that a fuel

3,087, 436; 3,172,892; 3,272,746, 3,215,707; 3,231,587, 3,912, 764;

4,110, 349: 4, P4iniag; allalp metalpoalkgling sartisanegpla, Heesitien awyals or mixtures
i ncor por at ed {yrHefhale 'ﬁcgreat%r tendency td @oﬁﬁ‘%gﬂits %lfao&!epé%&te’ fdul &r lu%n

hydr ocar byl substituted acyl ating agent can omthe reacti
of at |east otenmer bedylnjectorsact Bt fhelppésibat mgemyort he dresdnbvinng fuel

formul 93 5( Régogjpc)s(tl%%) &CS%QJOR?(aln\éLn@ﬂ%t is generally greater than 50 percent by

weight, and in other embodiments is present at greater than 90 percent by
weight, greater than 95 percent by weight, greater than 99.5 percent by weight,
or greater than 99.8 percent by weight.
Quaternary Ammonium Salt
20 The compositions of the present invention comprises an quaternary am-
monium salt which comprises the reaction product of (a.) the reaction of a
hydrocarbyl-substituted acylating agent and a compound having an oxygen or
nitrogen atom capable of condensing with said acylating agent and further
having a tertiary amino group; and (b) a quaternizing agent suitable for con-
25 verting the tertiary amino group to a quaternary nitrogen wherein the quaterniz-
ing agent is selected from the group consisting of dialkyl sulfates, hydrocarbyl
substituted carbonates; hydrocarbyl epoxides in combination with an acid or
mixtures thereof.
Examples of quaternary ammonium salt and methods for preparing the
30 same are described in the following patents, which are hereby incorporated by
reference, US 4,253,980, US 3,778,371, US 4,171,959, US 4,326,973, US
4,338,206, and US 5,254,138.



OR9 R3-C-(R4),-C(0)0OR5 OH(V) wherein each of R3, R5 and R9 is

i ndependently H or a hydrocarbyl group, R4 is a 10 dival ent
hydr ocar byl ene group and nis 0 or 1 with any conpound contai ni ng an
ol efin bond as represented by formula (1). Conpounds and the
processes for maki ng these conpounds are disclosed in U S. Pat. Nos.
5,739, 356; 5,777,142; 5,786,490; 5, 856, 524; 6,020,500; and 6, 114, 547.

In yet anOthefhiﬁﬁ§9%H§E%Ub%HgmﬁxgﬁgﬁgnQ%JtSUbStitUted acyl ating
agent can 15 any conpound represented
by formula (1) w tThe(iDdjocarby( Mbstiared wgiatihe agant rof ¢tk pragent mveiigon is the
presence of at |east one al dehyde .or ketone. Sujtabl dehydes . .
Phet ude. t or maeersky deo RS e B Brisr by Ao SRR SulHERiuth

i sobut yral dehy d@noR@RLARA cartRRYBOAid réh%ﬂ}@-gﬂﬁhﬁqg70&,9—915(91@@1'13&1}1‘3’(66 Cs to
benzal dehyde, and hi gher al dehydes. O her al dehydes, such as

di al dehydes, ©€wmpheirboxilc gtigench as fmaric 20idugadonic, ackl, tnkrdeiglacid.; (i) deriva-
nonoal dehydes.. ar. |1 i_ment I NES
fornaldehyde,n@ﬁ?éﬁ?ggﬁ%%gxgﬁ%@%féggg?(#%%8%§L§%8§930 ai?%ﬁ*%ﬁﬂéﬁ%ﬂ’
referred to agiif @prabdiodnsdiithted €3 MONE, albhesarbeselc held tsbeh OAyHARY dctd hed M
as par af or mal dehyde, which i s a reactive. equival ent of, or a source
of , formal denyefbacroioesid.; @xéyideevaiyss ohlibhsushian K (o165 plpahaldsgvesy esters
cyclic trinmerse ;:8Ul i . ,

methyl ot hyl Rl Ane e STRanE Sol ERe R oIEB R e Rree L EOP R geperal
hydrocdfPbyl ¢icoups: is nmethyl. M xtures of two or nore al dehydes

and/ or ketones are al so useful. Conmpounds and the processes for
maki ng these conpounds are disclosed in U S. Pat. Nos. 5,840, 920;

6, 147, 036; and 6, 207, 83RYEC=CR*}CHR I PHher enlddi ment, the

hydr ocar byl substituted acyl ati ng agent can include, nethylene

bi s- phenol al kanoi ¢ aci d conpounds, the condensation product of (i)

aromati c conmp@kiéinQfach e H'odndUR A is, RidePéndéndyy IydRwae @i nhfRrbdrbon based
i ndependently a hydrocarhyl -group, Ar is an aromatic group containi ng

from 5180 abo@PuBoLed ¢dh > & 6h¢ Rand irdegpndontds hydiggen eﬁah}’ perEqn; Rase s

such as am nogro{fﬁ‘,qfr&%ﬂéblyqt 18dsK¥he ispﬁhw&ﬁé%olﬁmased"%&ﬁﬁ coxﬂgﬁhﬁ%aa_lt h&¥d 20
carboxy or cofrbinations of two or nore of said optional substituents,
Z i s independehdngtar$. | ower al koxy, (OR1)bOR11, or 0- wherein each
Rl is independent]l Lvad C 1.5

hydr ocar byl and b (lylgﬁréglr)l%ﬁjt?gs%f g%géo%g@{t}%% ]gér%ggsa%%%ttg d %EO%&FE mgg can
nunber rangi ngclhdopolyntes adnprising amdjon mslad aowusinofl 6t égy€ho, farO:1touds

to ab 6 witht i t pat . m d t d t nb f
val encdl of "t RENRTIES pUiSh: WAy VRVAEL SBF 8" ob CBUIBNE T n Aoy
at | east on cgmhayydctehe 1€acitAdhe. STIE potEmém @art BETRGHGHISyridrs §1eh M baly(sbY)

and (V) described above, In one enbodi nent, at |east_one 15

hydrocar byl gPBUlpeAs PRI a8 PeRPRITES RbVEr I Peredd sPefeRicinsoRrh 8t sAnahisnres
I n one enbodi feplychbend ?%p@?eg&{)btﬁi‘lg{i@gﬁ RybutgreRss Hﬁoﬁl&g%ﬁ?ﬁ@obutylene.

descri bed pol ybut énes ob ai ne y polynerization of i'sobutylene’in
t he presence Qthencdnslyingera dicthde dlhask yis twhiahceh mérmor ahalad avagnnt f sl copplgmenr

bor on i fluoride, oun d i rocess for i n
hese ConpounIBiE ks i LAaSPIE B S OB hRGR a8 Bl o REWAA-
5, 336, 278; 5, éalnd 98adibnd 30 Beid]lyrher &2 ¢thBlehe, panydlcne @0 | A8dikxadiene. I n

anot her enbodi nent, the reaction of (i) _w.th (ii),. qptiqnally .in the
o esence of an acihiog cupalyer Sugts 8o R g mblad s Sfveddgmdod busens
het er opol yaci @g; isaplyfitR a4 AefislS inchRihD e bGRAE, 2Bt ankiNsdthi®lene. C4
presence of at |east one al dehyde or ketone. 25 The al dehyde or

ket one react aprlyraercay dtplyds rofyisobuhileygi niaranother embodiment. aksleasigge R of
descri hgd abo afl f gm%ér i - ear l.ic
reacta%?:aldé%@ggzgg)&E?%ﬁggggﬁgggm%a%o. t§g§$§§g 2?33998d@§§§} i
one enbodi nengrppylere-diand polyme2: (Bthglenwalphd plefifilcopolymes. 8d. etiylene-lower
olefin-diene terpolymers are described in numerous patent documents, including
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30 need to be nade to conpensate for greater or |esser reactivity of
one conponent or antoher, in order to arrive at a reaction product
with the desired ratio of nononers. Such corrections wll be apparent
to the person skilled in the art. Wile the three 9

reactants can be condensed sinultaneously to formthe product, it is
al so possible to conduct the reaction sequentially, whereby the

2 s e to £oroact on S :
ydr oxyar onma E&Obe%nrp%ﬁeﬁi ﬁ?ohcbﬁtgl EPV) 2129 Qb4 RRE e 18 IGHMP VMLl @tﬁ%%ﬁah&%&“té

and thereafter with'the al dehyde or ketone, or vice versa. Co
and t he procek8¥&7I80r4.02k80%y 4.085800c ohpdlhifs At E0,0M1s c4.62B00 % nd.317.50;

Pat No. 5, 620 . h - i he hvdrocar bvl .
babst )t uteq LiSs: 4.608 8L RN 0o TR HOWKIR oftV REGHAEA herein
U S. Pat. Nosby fddide 2k3clcbanBBikcl06ifies aniks cBSBnOUbetbblomear e her eby

i ncorporated by reference. Conpound having a ,nifroge r oxygen.atqm
10The cdnposi ti ondngho ﬁreena*wé*glﬁmt op gD At éqrﬁggﬁ)c%ﬁﬁwgﬁ@manw
havi ng an oxy@gyliRhe ?‘oh?é?%‘ﬂes@ﬁt_@&'bﬁﬁﬁ&@ﬂl@yiﬁé férRngensing with the

acyl ating agent” and further having a tertiary am no group.

I n one enbodi nent, the conmpound having an oxygen or nitrogen atom
capabl e of condensing wyth the gcyl ating agent and further having a
tertiary 15am no group daq3g§/fepresented by the follow ng fornmul as:
R3 NN -X -N

H R (IT)
wherein R is a hydrocarbyl group
10
Hy
R/C\C /CHz
fI3H3 (1D
wherein R is a hydrocarbyl group.
In one embodiment, the vinylidene content of formula (I) can comprise at
least about 30 mole % vinylidene groups, at least about 50 mole % vinylidene
15 groups, or at least about 70 mole % vinylidene groups. Such material and methods

for preparing them are described in U.S. Pat. Nos. 5,071,919; 5,137,978; 5,137,980;
5,286,823, 5,408,018, 6,562,913, 6,683,138, 7,037,999 and U.S. Publication Nos.
20040176552A1, 20050137363 and 20060079652A1, which are expressly incorpo-
rated herein by reference, such products are commercially available by BASF, under
20 the tradename GLISSOPAL® and by Texas PetroChemical LP, under the tradename
TPC 1105™ and TPC 595™.,
Methods of making hydrocarbyl-substituted acylating agents from the reac-
tion of the monounsaturated carboxylic acid reactant and the compound of formula
(I} are well know in the art and disclosed in the following patents: U.S. Pat. Nos.
25 3,361,673 and 3,401,118 to cause a thermal “ene” reaction to take place; U.S. Pat.
Nos. 3,087,436; 3,172,892, 3,272,746, 3,215,707; 3,231,587; 3,912,764; 4,110,349,
4,234,435; 6,077,909; 6,165,235 and are hereby incorporated by reference.



R2NR4( VI 1) wherein X is a al kyl ene group containi ng about 1
to about 4 carbon atons; R2, 20R3 and R4 are hydrocarbyl groups. 73
HO- X - N NR4(VIIT) wherein X is a al kyl ene group contai ni ng
about 1 to about 4 carbon atons; R3 25and R4 are hydrocarbyl groups.
Exanpl es of the nitrogen or oxygen contain conpounds capabl e of
condensing wth the acylating agent and further having a tertiary
am no group 10

di met hyl am nopr opyPlaéﬁl{%?Aepgﬁ}bRE{hw i, | en@;a rrrédr%o 6/’ g%)? 1R1tcd acylatmg agent can be
N, N- di et hyl - asmadecipero thel ramdtior of i, Ibksdommctaﬂgdxam reae:alhtybprasmnd by the follow-
et hyl enedi am ne 1,§§Propylenedi am ne, 1, 3-propyl ene diamne, the

i sonmeric but ﬁ Uit nes, pent anedi am nes, hexanedi am nes,

5hept anedi am nes, diethyl enetriam ne, dipropyl enetri am ne,

di butyl enetri am ne,

trlethyﬁenetetraanlne te9$§%@ﬁﬁ{h9@§3%taanlne pentaetﬁyfbnehexaanlne
hexanet hyl enet et r am ne, andbi s( hexanet hyl ene)tri am ne, t he

di am nobenzenes, the di am nopyridines or m xtures thereof. The

ni trogen or odyigen contai ni ng conpounds capabl e of condensing with

t he acyl ati ng agent and further having a tertiary am no group can
further include am noa @yl substituted heterocyclic conmpounds such as
1- (3-am nopropyl )i nd{ﬂoﬁﬁg-aninopropyl)nnrpho i ne,

1-(2- anlnoethyl)plperl am no- Nmet hyl di pr opyl am ne,

3' 3-am nobi s(N, N-di netdgy! propyl am ne). Anot her type ofoﬂltrogen or
oxygen contai ni ng conpounds capabl e of condensing w th*t'h

15acyl ati ng avgmem&ach bBRT, RS aldtlié’rﬂs|naireyeraienﬂthgwrmmydrmath;digroup, R'isa

? lr Ik ﬁg? hﬁnmolngﬁcﬁﬁ entLl\iT o%ar%yfeng %;['ouplarrrlldtnegs (S t Qr?yngén%&ung containing an

di met hyl am noaémpacnﬂl ashepresdh@t Iby Ifafdunogy. m{y@hmdﬂ dﬂd the processes for making
dlethylanlnobutanol N-tris( ydrox t hy

N
tri s(hydroxy @%wom% aro Jioplasesy i G- EataB%'Prts 79356, Siqp142: 5.786.490;

conposi tions §§y§ﬁg_@@g§g@jah@gqmg5@ﬁ contai ns a quateni zi ng agent
suitable for Converfing the tertidry amino group to a quaternary

ni trogen wherein ﬂhe@hmaﬂ@wwzmn@nagéﬁbehﬁk@@ﬂééﬁéﬁnﬂW%hmwh@nga@ﬂ@GM1
consi stsng of , Al al Kyl il rfe%‘lgﬁ of DY RGRLRY bepradOitd by ERuBanRORRHSS or

hydrocarbyl epoxides I'n
(V), and can be carried out in the presence of at least one aldehyde or ketone.

Suitable aldehydes include formaldehyde, acetaldehyde, propionaldehyde, butyral-
dehyde, isobutyraldehyde, pentanal, hexanal. heptaldehyde, octanal, benzaldehyde,
and higher aldehydes. Other aldehydes, such as dialdehydes, especially glyoxal, are
20 useful, although monoaldehydes are generally preferred. In one embodiment,
aldehyde is formaldehyde, which can be supplied as the aqueous solution often
referred to as formalin, but is more often used in the polymeric form as paraformal-
dehyde, which is a reactive equivalent of, or a source of, formaldehyde. Other
reactive equivalents include hydrates or cyclic trimers. Suitable ketones include
25 acetone, butanone, methyl ethyl ketone, and other ketones. Preferably, one of the
two hydrocarbyl groups is methyl. Mixtures of two or more aldehydes and/or
ketones are also useful.
Compounds and the processes for making these compounds are disclosed in

U.S. Pat. Nos. 5,840,920; 6,147,036; and 6,207,839.



25tion with an acid or m xtures thereof. I n one enbodi ment the
guat er ni zi ng agent can include hydroxi des; sul phonates; alkyl

sul phates, such as di net hyl sul phate; sultones; phosphates; Cl-12

al kyl phosphat es; di Cl-12 al kyl phosphat es; borates; Cl-12

al kyl borates; nitrites; nitrates; carbonates; bicarbonates;

al kanoates; 0,0-di Cl-12 30al kyl di t hi ophosphates; or m xtures

thereof. 11 In ahBtheNEnEHRAHBRhyHRRa® péu%ﬁt'ftht%ﬂ g lﬁﬂxf'%zégeﬁp-&’anbﬁ
derived fron1d|alkyl sul phat es such as di nethyl sul ph a¥ oxid

sul t ones sucheluds, piedyiane bismehenok alkasois Aciderspoands, shergpadesatianprodust of
al kyl) SUbSt'@#ﬁ&ﬂgﬁ?ﬁ?&ﬁﬂ%?&ghgﬂﬁgﬂMdrOcarby' (or al kyl) groups of
subst i carbo

the hydrocarb nates nmay contain 1 to 50, 1 to
20, 1 to 10 or 1 to 5 carboﬁmameﬁs per group. In on&v&nrbodi nent the

rydrocaghyl SRS S SRR SO TR, D SER B OURS

substituted chéhonat &sout B0l daeinditoms Axd fdm di t@ts‘mbn&ﬁr Beatents|sch as
anot her enbodi nent t he quatern|2|ng agent can_be hydr ocar byl

10epoxi des, adnipedpds enlly- prleonslkvbwitty awmyb cajbaxy: ehesiphiedtions
Wi th an aci d:qf 53 oBllllioré b%(lald ognonal deﬁﬁﬁ;&ﬁtE‘ AL m%en&%%tlgxm—l Rﬁw&aﬂ¥£®

i ndependently H or a, rocarb% 15gr oup
hydr ocar byl eEkDeRR" ctaTD1 \ﬁhﬂrudeacfzsR nseméemndailely a@hWnehgdrocarbbd group,

propyl e oxige, Qu ne OXId

o s o i b G RY HE  10h bRERS R oA o o g HPRY Mifiber
i nvent i on canraging &iom amo @bduthanﬂGnhSJbl’dr(hﬂtmtE@i\ﬂo?:@Q&lptt‘yﬁ abdities elith tad
| ubricating VISQOSIt cl udes nat. ur al etic s of
| ubricating VAEEES i‘ﬂ}ay m gt Bl geed &H‘\"ﬁ%f{g&ff SRS ﬁgf nSRATESRRANES; B,
hydr of i ni shi ngailabld &fri suBeituticf maeﬁqh) antkakiCod b8 Hc Qbdetnt QlchMsXhdl CES-
thereof. In one enbodi nent the oi lubricating viscosity is a

carrier fl ui cPoupds ?ﬁ\@“ﬂi‘@&‘f’)s%(vérf@ﬁwbeétah@ﬁ Bepicopmbardmentdefi leasy ene
25Nat ugl oi l@d#dlﬁﬂb?fighoﬁp'd’ﬁa{heod&ﬁau ﬁ%g’g%gﬁ&gégﬁ%‘gﬂﬁgg{b?{m% | $n Ghe

m xtures ther . Syn ic olls inc
si | i con- basedndiodiment,| thqsodrce stfelrydofcarblyd gpivps s eWadeﬁtrﬁtg:da;m'lyhutenes

Syt et o ol R BB BRHER T Y Fuag U LR 0oL B
waxes. 12 such as aluminum trichloride or boron trifluoride.

Compounds and the processes for making these compounds are disclosed in

20 U.S. Pat. Nos. 3,954,808; 5,336.,278; 5,458,793; 5,620,949; 5,827,805; and
6,001,781.

In another embodiment, the reaction of (i) with (ii), optionally in the pres-
ence of an acidic catalyst such as organic sulfonic acids, heteropolyacids, and
mineral acids, can be carried out in the presence of at least one aldehyde or ketone.

25 The aldehyde or ketone reactant employed in this embodiment is the same as those
described above. The ratio of the hydroxyaromatic compund: carboxylic
reactant:aldehyde or ketone can be 2:(0.1 to 1.5): (1.9 to 0.5). In one embodiment,
the ratio is 2:(0.8 to 1.1): (1.2 to 0.9). The amounts of the materials fed to the
reaction mixture will normally approximate these ratios, although corrections may

30 need to be made to compensate for greater or lesser reactivity of one component or
antoher, in order to arrive at a reaction product with the desired ratio of monomers.

Such corrections will be apparent to the person skilled in the art. While the three
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QO ls of lubricating viscosity may al so be defined as specified in the
American Petroleumlinstitute (API) Base Ol Interchangeability
Qui delines. In one enbodinent the oil of lubricating viscosity

conprises an APl Goup I, II, IIl, IV, Vor mxtures thereof, and in
anot her enbodi nent API Goup I, Il, Ill 5or mxtures thereof.
M scel | aneous The conpositions optionally conprise one or nore

addi ti onal pe:rechéd?@%eoe%ﬁhéngéfcﬁﬁmuﬂ}%oﬁ&%fbr foﬂﬁrtﬁﬁm%ﬁt %‘1@0?&9&1&&: to

i nclude netal deactivators, detergents, dispersants, Viscosl
modi fi ers, fréoothathemeaitionseqientidly, dhepby Sarydiixsarowhtioyis mertieldi fgstsyith

i b o o, T PP B PR Rt S BRRb g o Relel fvie

seal swel |i ngveageTdEnponads 4@rthé plocpsatsyfe htakingahdse compoldidt @feSdisclosed in

gas- hydrat e inhi?itors nd m xtures thereof The total conbined anount

of the édditigﬁ% ato NP 5 ce additive 15 conpounds present on an

oi | free basis ranggs héMsabMakid Re %?dl%%r%%}%ﬁbs@i?@éd M@yla%%]é Qgald oM b
e o

of the conposition. Al though one or nore o her performance
addi ti ves mayfobed gnethenfolloping sefergneronlUSorPathdlost B2 8é%:f §8FhAeE and
additives to | ' @g@gn. ative to each other.
In one enbodiprfggnjt%tﬁrs]@ﬂ%%érrggg]%eﬁ g{ﬁgﬁégn %%reglg%oncent rate formng
20 anmount. | fCthpoyprddseintg 4 mveaen ono nlemn the formof a

concentrate (which,my be conbi with additional oil to for in
Shote 0Pt bart - EHESoEBRS s A enir BY S oR GUI B iiehirias o
of the additiafoigeh BE nitfoLRAtatdMA capblO6f Qirlaeksifd dithi RO Ay paid @%reﬁame
additives in an oi] of lubricating viscosity and/or liquid fuel, to
di l uent oil i&rther haying girgdaryfangpo 20°Wo 10: 90 by wei ght. 25

Ant i oxi dant's i ncl yge,aulyRASAU Sid BASAHRARIRS n 54 QAW S89gen atom
ol efins, hindered phenols, diphenylamnes; detergents include neutral
or over based, capeble ogrfi comdensing mitethcoryiaiingbaseht asdifershasthayideah itertiary
al kal i eart ansiti A re of phenates,
sulphu??sed p é%g é@@’%ﬁﬂ%ﬁ%ﬁggéﬁél@%p%ggyﬁgg@gépﬂg?gphosphorus

aci ds, nono- and/or di- 30 thiophosphoric acids, saligenins, an

al kyl salicyl ates, salixarates. Dispersants include N-substituted | ong
chai n al kenyl succithi ni de as Wl | as posted treated version thereof,
post-treated dispergﬁﬂlg in Fude those by reaction with urea,

t hi our ea, dinercaptg; I adi azql es, carbon disul phi de, al dehydes,

ket ones, carboxyligiacids, hyggocarbon-substituted succinic
anhydrides, nitriles, epoxides, boron conpoundd¥YIAnd phosphorus
conpounds. Antiwear agents include conpounds such as netal

t hi ophosphates, 5 especially zinc dialkyldithiophosphat es;

phosphori c acwherest ¥ns a atkydalet grotne ceghininghdsphil tte sbowridcarbon atoms; R2,
phosphqr.us-c ai ni carboxylic esters, ethers, and am des.
Antiscgpfingq§%8W$Eﬂgﬂ%ﬁﬁgpﬁ%Lgﬁﬂgﬂﬁ% sul phi des and pol ysul phi des,
such as benzyl di sul phi de, bis-(chl orobenzyl) disul phide, dibutyl
tetrasul phide, di-tertiary butyl polysul phide, di-tert-butyl sul phide,
sul phuri sed Diels-Alder 10 #&iducts or al kyl sul phenyl N N-dial kyl

di t hi ocar banat es. ﬁﬁ@ngg_ essure (EP) agents including chlorinated
wax, organic sul phi‘des ‘and pal,ysul phi des, such as benzyl di sul phi de,
bi s- (chl or obenzyl ) di sul phi d& di butyl tetrasukgﬁh?e, sul phuri sed

met hyl ester of oleic acid, sul phurised al kyl phenol, sul phuri sed

di pentene, sul phurised terpene, and sul phurised Di el s-Al der adducts;
15 phosphosul [ y. rbons, a i b C ]

zi nc dioctyldﬁpﬁnggﬁﬁg@%éggghg%gngﬁﬁhﬂé%%@%gﬁgﬁgﬁgggg%ﬁﬁgHJ%éﬁiR3
Fricti @i nodidrideR4 aterlgidvstariiydigtoupam nes, esters such as borated

| ycerol esters, rtial esters . of glycerol such as glycerol
Mool eat 6. fatty HHIMIR Pbehe MiFPePhabT P Yesh Gantafn PP ganable of

condensing with the acylating agent and further having a tertiary amino group
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Corrosion inhibitors include octyl am ne octanoate, condensation
products of dodecenyl succinic acid or anhydride and a fatty acid
such as oleic acid with a polyam ne. Metal deactivators include
derivatives of benzotriazoles, 1,2,4-triazoles, benzim dazoles,

2- al kyl di t hi obenzi m dazol es or 5 2-al kyl dithi obenzot hi azol es. Foam
i nhi bitors include copolyners of ethyl acrylate and

2- et hyl hexy| aghyihalu@e amd aﬁpﬁdtqmitéd/mndambt@mﬁlabaopﬂamihewﬁ Neaﬁnethyr-
i ncl ude pol yet hyl ene g ycol s, pol%et hyl ene oxi des, " pol ypr | ene

oxi des and (GARIPBIREYERIIER- pr opYiNeAte Ul iy oproPylaing, pour flimethyl-
depressants ijgl Lgh er a R

pol ynet hacryl%ﬁlgg%ggpﬁgiryéla)?é%%ﬁng nlh%l %ﬁhﬁgggg Sea pm% ePe
agents incl udﬁamnhmmomnrleﬁml@mlaﬂaﬁ} anntaanmMs,nbmedne&aim@I

Industr al I t.he.iny

useful e o (Tt tefnes gictre b ORiE s e St iR Risg ALY Skefifmine.
i nt ernal Conhuﬁthyd)dhemghmﬁld nCItbt@z&afﬁh}ﬁﬂ&rpknﬂa@ﬁidel, on p@ﬁta?tﬁminriehexaarglne,
conpression igniti i nes; 2-str r 4-stroke cycles i qui

fuel suppli edleeﬁ?awgmeéle? SURaRjis t | oﬁn‘? ndpPisgtaxamahyle nr% phwine, the
injection andyig@idIBERIAEs, tﬁgmﬂll{oﬁwzdlﬂgg oWi'hitxtdrgsl @lﬁatr&ff %@tlﬁﬂ% en or
light (e.g. passenger car) heavy w? conmmer ci al truc%
engi nes; and @XYgPhesnthingng e@rnmurhisrvﬁmhiwf lsondeaniohgriih hlyw@d@trrtgorgent
fuel s d m Xt ur al g b f. i [ d
em Ssi ggs Sys gmﬁﬁ?‘}ﬁgﬁ"‘gg{ at %ﬁlﬁgcﬁﬂgﬁ%egg&r{fp s&atg?u@tﬁ ]'e,p;%/g“tdgrragé;ﬁ%%al%13
aftertreat nembsmmtdddletagotycﬂreeomuw Alch st 1~ (dxdrﬂimbpmpybaﬁﬂhy;ﬂé andN@x

absorbers and..catal ysts, catalyzed nan art ate

raps opti ondPreR BB BIDREHRLHEpor R Zuarg B IP Y eiab e vardjanino-N-
timng; and lrﬂbﬁﬂ?‘/ldh}ﬁﬂpjrlhﬂihm %Mrrﬁ@dlﬂs(ﬂmﬂﬂinlﬂgthygﬁéﬁylhiﬁﬁﬁ)h@[rﬁ‘it}ﬁbr thpe
term "hydrocar byl substituent" or, "hydrocarhbyl group is used inits
ordi nary sensd, T{HEEH OF §XHRAT CURBRINE PRBRIGES SRPahlR QT cAndansing, with the

Speci fijgal I'y,adylatingl S8t AR AYP h@?ﬂaﬂ;g athif&r Q@Gp ahemudi J1eGl 1nes
attached to thé renmai hder of the nolecul’e and having predom nant

hydr ocar bon cinglidisigerbut Exahpligdtedf fhydﬂ@ibamﬁg'mmgr otnpsethardlemine, NN-
hydr ocar bon s is al kyl or

al kenyl), al .‘?;15% HYEHI?%%OPEMZ:I oaI ky1(iLI d?eltll@}?%lgfnké O%%‘&éubstr t uent IS\IN-
and aronati c- dletabrlaphadrhmanol,and aﬁ,ﬂt@rwmc}yﬂmmwmmear omati ¢ N,N,N-
substituents ¢ rae ﬁg&ycl i c substituents wherein the ring is
conpl et ed thF‘BﬂH AR BI° P¥ion of the nolecule (e.g., two

substi poents Qegeniwig heynm a ring); substituted hydrocar bon

substituents, that_is, substituents containing non-hydrocarbon grouPs
which, in the cont@§tCostPosKioas iof isnpreaifit iRFnHER caniais a qaternizing agen
pr edoni nant | YSUMBII%%@E@R@NH@ME %erﬂ&ryteﬂl@inglgb&ﬂ fo%ﬁ'ﬁatérﬁatg' mtlggénowhere-
(especially 5 chloro and fluoro), hydroxy,” al'koxy, nerc

al kyl mer capt on #iet qr@ﬁtemimmg)%entarrdsad@ntr:@fpc)m thet gewup g@bsusrlmgr@rﬁt dialkyl
that is, subs n antI drocar hon
character 1 L RESCRRSR b oo BHSS, RIGAIL IS LARBa
carbon2bn a rticigwah aa haidroratitvarred mere@ﬁrrposed of car bon at ons.

Het er oat ons |ncluesulfubd ?1 nitro and encq 3
substituents as 16"pyH9 §A°° ﬁ‘r‘%@lt ©t WA ’%d‘gF‘?ﬁ gafy drylpde pydroxides;

general, no nRIghchRAE 41%pL srﬂﬁl@it@r %b&lya@grrﬁ&h?i §BRkt&NRiltones; phosphates;
non- hydrocarbon substituent wil I resent for every ten carbon

atons in the ®id?edalphasppteust Glypd @léwlpyosnhqéfwebwaters, Gé lﬁcﬁikylborates
non- hydrocar brﬁﬂltéé’b%‘crﬁééﬁgt gaerlsngr} | %g g{)g&%&y' a%a‘?ce gF”‘E‘i’i’”lz

t hat sone of e materral® ve rrayln er act |n1

final B0rnul atlkddithiophedpastes;he ciahpentrtesfof the final fornul ation
may be different fromthose that are initially added. For instance,
netal ions (of, e.g., a detergent) can mgrate to other acidic or

11



16 The detergents that are used in this test include: a
commer ci al avail abl e 1000vn pol yi sobutyl ene succi ni m de of

di met hyl am nopropyl am ne (Conparative Exanple 1), a comrercially
avai | abl e 1000vn pol yi sobutyl ene succi ni m de of

t etraet hyl enepent am ne (Conparative Exanple 2) and 4 experi nental
5detergents of the present invention (Exanples 1-4) as described

bel ow. Preparat or yi,ExRedh s dfinent the quat%ftﬁﬂﬁé%tg%ﬁ/mgfﬁgﬁleﬁvﬁ fr%m dialkyl
prepared froma mxture of succinic anh prepared from 1000

pol yi sobut y| eftépiapasinshgsatimetian gutiibatre -Oléidlesa-sufbfphm swhoay pregane and
whi ch t 10
ot moaphore. o HERE ld B b o I SRR cBLBMESITE o

slowy over 45 m rlee hydeicatbyl njongallsgl)c brduvprper aheirleydoedaoby] 1 LioGtitukee
reaction tenperature is increased to. 150 |d for_a further 3
nour . her SCUPTHG BEHSOUAE T 2 DBAL ot AT ded EEAHDPCGmS per
15Reaction pradust [@bnPerbadididi YhdHairptLbA, suﬁﬁm%aeca%rﬂﬁs(c%ataﬁa two
grans), acetic acid (6.25 grans) and methanol (43.4 grans) are heated
With stirri nghﬁtdéo?%lﬂlﬂo(‘l]%ﬁ@} nfayr bes theotame ohdeferentni Exasgeas of suitable
at mospher e.  The; L &a 1'sgﬂst1t§te9te5fbfoh9£s mehﬁfe%fn%! gpbp&;eﬂh%&rboﬁmr) and

gave a water vwhite distillate. The resul tlng conmpound I's a styrene
oxi de quat er nary drmamithen sabedimoEdenghatedizing agenﬂ?ezacﬂaﬁom hydedanbiyl

f
20C. DRyl SRR 2 eDis ety e RIP gl PRER alifrdlehnbi e

stirring resuned ( 300r pm) under a nitrogen bl anket exot herm rai ses
batch tenperature to -100C. The r ey tion is maintained at 100C for 3
hours before 25cooling back dRg decanti R, The resulting conmpound is
a di net hyl sul phat e quat ernary ‘-u_ﬂv sa?t Exanpl e 3
Reaction product of Preparatof anpls (1735.2 grans) is heated
with stirring to 90C under a Metrogen atdsphere. Benzyl chloride
(115.4 30 grans) is added drop w se maintaining redb¥) on tenperature
at 90C. The reaction is held for 5 hours at 90C. The resulting
conpound is a benzyl chloride quaternary amonium salt. Exanple 4
The reacti on whmdhanpRzPRépmdaRG)rcyn Beampé@nderthSP. 6r grars) hydiovedtblyy |
car bonﬁée rams) and net hanol (26.9 grans) is charged to a
pressu vess I0 The vessel is then pressure tested for | eaks and
purged with nitrogemniples<es hpdroddiBylve@Rstles ican @ﬁcﬂﬁ@dﬂsts&e& bide, 18Rglene
and the batch heated to 90C with agitation (-210 The batch iIs
hel d on tenpe?’%@%rpéoﬂbé?“%?i‘éd%&mylﬁ@f%%e selbyge Hé’é‘?éadtc@ Auerexiftd hel d
on tenperat ur@f® uBAc Sisc&ycool i ng back to anbient tenperature
residual pressure 1s released béfore decanting product. The reaction
was purified by diBhtd Icompesition 100ahe - presisdr nveotiorerasve conteia @nneilhyf
10carb pate a{ﬁgngﬁ Q%lcomv]e ’f]?e]Sldht bpguﬁ?ﬁﬁﬂgnﬂs&%ﬁ? ﬁil m%p*latural or
car bonate quat ernary anmoni‘um s

synthetic oils of lubricating viscosity, oil derived from hydrocracking,

hydrogenation, hydrofinishing, unrefined, refined and re-refined oils, or
mixtures thereof. In one embodiment the oil of lubricating viscosity is a carrier
fluid for the dispersant and/or other performance additives.

25 Natural oils include animal oils, vegetable oils, mineral oils or mixtures
thereof. Synthetic oils include a hydrocarbon oil, a silicon-based oil, a liquid
ester of phosphorus-containing acid. Synthetic oils may be produced by
Fischer-Tropsch reactions and typically may be hydroisomerised Fischer-

Tropsch hydrocarbons or waxes.
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Not e: For Conparative Exanples 1 and 2 the active chemcal is

acconpani ed by inert diluent oil in a ratio of active chemcal to
diluent oil of 85:15 by weight. 15Note: For Exanples 1-4 the active
chemi cal is acconpanied by inert diluent oil in a ratio of active

chemical to diluent oil of 50:50 by weight. Table 1: Results in the
CEC F-23-01 Injector Deposit Test Detergent Dose Rate Active (ppm

Percent Remai ni ng Gilowf (1thriddving*viBeddity Imby Ekanpd eefindd ab speciBiedEXAnht e

1 17.5 46.4 Eﬁ%e 1|c§n et%)?lél?m%%étgut%x &rpﬂ ﬁasze &?I'Igtegcﬁxangeability Guidelines. In

one embodiment the oil of lubricating viscosity comprises an API Group I, II,
III, IV, V or mixtures thereof, and in another embodiment API Group I, II, III
5 or mixtures thereof.
Miscellaneous
The compositions optionally comprise one or more additional
performance additives. The other performance additives include metal
deactivators, detergents, dispersants, viscosity modifiers, friction modifiers,

10 dispersant viscosity modifiers, extreme pressure agents, antiwear agents,
antioxidants, corrosion inhibitors, foam inhibitors, demulsifiers, pour point
depressants, seal swelling agents, wax control polymers, scale inhibitors, gas-
hydrate inhibitors and mixtures thereof.

The total combined amount of the additional performance additive

15 compounds present on an oil free basis ranges from 0 wt % to 25 wt % or 0.01
wt % to 20 wt % of the composition. Although one or more of the other
performance additives may be present, it is common for the other performance
additives to be present in different amounts relative to each other.

In one embodiment the compositions can be in a concentrate forming

20 amount. If the present invention may be in the form of a concentrate (which
may be combined with additional oil to form, in whole or in part, a finished
lubricant and/or liquid fuel), the ratio of the additive of the invention and/or
other additional performance additives in an oil of lubricating viscosity and/or
liquid fuel, to diluent oil is in the range of 80:20 to 10:90 by weight.

25 Antioxidants include molybdenum dithiocarbamates, sulphurised
olefins, hindered phenols, diphenylamines; detergents include neutral or
overbased, Newtonian or non-Newtonian, basic salts of alkali, alkaline earth
and transition metals with one or more of phenates, sulphurised phenates,
sulphonates, carboxylic acids, phosphorus acids, mono- and/or di-

30 thiophosphoric acids, saligenins, an alkylsalicylates, salixarates. Dispersants
include N-substituted long chain alkenyl succinimide as well as posted treated

version thereof, post-treated dispersants include those by reaction with urea,

13



Exanmple 3 17.5 33.7 Exanple 4 15 27.1 Note: * unadditized base fuel
(no detergent present in the fuel) 20 Table 2: Results in the CEC
F-23-01 Injector Deposit Test 18 Det ergent Dose Rate Active (ppm
Percent Remaining Flow (% Conparative Ex. 2 51 79 Conparative Ex. 2
51 63 Exanple 2

10

15

20

25

30

thiourea, dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones,
carboxylic acids, hydrocarbon-substituted succinic anhydrides, nitriles,
epoxides, boron compounds, and phosphorus compounds.

Antiwear agents include compounds such as metal thiophosphates,
especially zinc dialkyldithiophosphates; phosphoric acid esters or salt thereof;
phosphites; and phosphorus-containing carboxylic esters, ethers, and amides.
Antiscuffing agents including organic sulphides and polysulphides, such as
benzyldisulphide, bis—(chlorobenzyl) disulphide, dibutyl tetrasulphide, di-
tertiary butyl polysulphide, di-tert-butylsulphide, sulphurised Diels-Alder
adducts or alkyl sulphenyl N’N-dialkyl dithiocarbamates. Extreme Pressure
(EP) agents including chlorinated wax, organic sulphides and polysulphides,
such as benzyldisulphide, bis—(chlorobenzyl) disulphide, dibuty! tetrasulphide,
sulphurised methyl ester of oleic acid, sulphurised alkylphenol, sulphurised
dipentene, sulphurised terpene, and sulphurised Diels-Alder adducts;
phosphosulphurised hydrocarbons, metal thiocarbamates, such as zinc
dioctyldithiocarbamate and barium heptylphenol diacid.

Friction meodifiers include fatty amines, esters such as borated glycerol
esters, partial esters of glycerol such as glycerol monooleate, fatty phosphites,
fatty acid amides, fatty epoxides, borated fatty epoxides, alkoxylated fatty
amines, borated alkoxylated fatty amines, metal salts of fatty acids, fatty
imidazolines, condensation products of carboxylic acids and polyalkylene-
polyamines, amine salts of alkylphosphoric acids. Viscosity modifiers include
hydrogenated copolymers of styrene-butadiene, ethylene-propylene polymers,
polyisobutenes, hydrogenated styrene-isoprene polymers, hydrogenated
isoprene polymers, polymethacrylate acid esters, polyacrylate acid esters,
polyalkyl styrenes, alkenyl aryl conjugated diene copolymers, polyolefins,
polyalkylmethacrylates and esters of maleic anhydride-styrene copolymers.
Dispersant viscosity modifiers (often referred to as DVM) include
functionalised polyolefins, for example, ethylene-propylene copolymers that
have been functionalized with the reaction product of maleic anhydride and an
amine, a polymethacrylate functionalised with an amine, or styrene-maleic

anhydride copolymers reacted with an amine.

14



50 100 Exanple 2 50 98 Conparative Ex. 2 38.25 34 Conparative EX.
2 38.25 32.4 Conparative Ex. 2 38.25 30 Exanple 2 38.5 76 Exanple 4

38.5 41

10

15

20

25

30

Corrosion inhibitors include octylamine octanoate, condensation
products of dodecenyl succinic acid or anhydride and a fatty acid such as oleic
acid with a polyamine. Metal deactivators include derivatives of
benzotriazoles, 1,2,4-triazoles, benzimidazoles, 2-alkyldithiobenzimidazoles or
2-alkyldithiobenzothiazoles. Foam inhibitors include copolymers of ethyl
acrylate and 2-ethylhexylacrylate and optionally vinyl acetate. Demulsifiers
include polyethylene glycols, polyethylene oxides, polypropylene oxides and
(ethylene oxide-propylene oxide) polymers; pour point depressants including
esters of maleic anhydride-styrene, polymethacrylates, polyacrylates or
polyacrylamides. Seal swell agents include Exxon Necton-37™ (FN 1380) and
Exxon Mineral Seal Oil

Industrial Application

In one embodiment the invention is useful as a liquid fuel for an internal
combustion engine. The internal combustion engine includes spark ignition
and compression ignition engines; 2-stroke or 4-stroke cycles; liquid fuel
supplied via direct injection, indirect injection, port injection and carburetor;
common rail and unit injector systems; light (e.g. passenger car) and heavy
duty (e.g. commercial truck) engines; and engines fuelled with hydrocarbon and
non-hydrocarbon fuels and mixtures thereof. The engines may be part of
integrated emissions systems incorporating such elements as; EGR systems;
aftertreatment including three-way catalyst, oxidation catalyst, NOx absorbers
and catalysts, catalyzed and non-catalyzed particulate traps optionally
employing fuel-borne catalyst; variable valve timing; and injection timing and
rate shaping.

As used herein, the term "hydrocarbyl substituent" or "hydrocarbyl
group" is used in its ordinary sense, which is well-known to those skilled in the
art. Specifically, it refers to a group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbon charac-
ter. Examples of hydrocarbyl groups include: hydrocarbon substituents, that is,
aliphatic (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl)
substituents, and aromatic-, aliphatic-, and alicyclic-substituted aromatic

substituents, as well as cyclic substituents wherein the ring is completed
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Exanple 4 38.5 72 Exanple 4 38.5 84 Conparative Ex. 1 38.25 84.0
Exanmple 1 35.0 99.6 Exanple 1 35.0 84.8 The results of the
test show that formul ati ons using quaternary ammoni um salt detergents
of the present invention (Exanples 1, 2, 3, and 4) shows equival ent
or superior flow performance and | ess average bl ockage of an

5i njector conpared to fornul ati ons using an unadditized fuel and/or

comercial ly @¥dighahlbofhed SoRIGAN! the (EAURAL ALY Av EX AT RAsIoBMeLHorm o

The detergents are further evaluated in a Qh'Sp | Direct Injection
Test. The H ghngSpedgtititedbydrpegrben puhstilests, that the sehstibreatsagontahingwen- A

di esel fuel contalihdidolRBNHick! MR dfiedkP B tRRPRTEANS, 6T R IHY

I nserted into-a
predominantly hydrocarbon nature of the substituent (e.g., halo (especially

5 chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso,
and sulfoxy); hetero substituents, that is, substituents which, while having a
predominantly hydrocarbon character, in the context of this invention, contain
other than carbon in a ring or chain otherwise composed of carbon atoms.
Heteroatoms include sulfur, oxygen, nitrogen, and encompass substituents as

10 pyridyl, furyl, thienyl and imidazolyl. In general, no more than two, preferably
no more than one, non-hydrocarbon substituent will be present for every ten
carbon atoms in the hydrocarbyl group; typically, there will be no non-
hydrocarbon substituents in the hydrocarbyl group.

It is known that some of the materials described above may interact in

15 the final formulation, so that the components of the final formulation may be
different from those that are initially added. For instance, metal ions (of, e.g., a
detergent) can migrate to other acidic or anionic sites of other molecules. The
products formed thereby, including the products formed upon employing the
composition of the present invention in its intended use, may not be susceptible

20 of easy description. Nevertheless, all such modifications and reaction products
are included within the scope of the present invention; the present invention
encompasses the composition prepared by admixing the components described

above.

25 EXAMPLES
The invention will be further illustrated by the following examples,
which sets forth particularly advantageous embodiments. While the examples
are provided to illustrate the present invention, they are not intended to limit it.
The detergents are evaluated in the engine nozzle fouling test, as
30 described in CEC F-23-01.  The results of the engine nozzle fouling test are
highlighted in Tables 1 and 2.
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10 2.0L High Speed Direct Injection (HSDI) Ford Puma engi ne. The
engine is initially run at 2000 rev/mnute for 5 mnutes (engine
warmup period). After the initial warmup period, the engine is run
in six (6) power curve iterations under the conditions set forth in
Table 3. After conpletion of the sixth power curve iteration, the
engine is subjected to the stabilization peri od under the 19
conditions set forth ddierkfh sl ard bl inl iR t?étqmlhlig'aatb&ﬂm@ﬁﬁdl%@ai’lz&le
conplete, the engine is run in anot SIX power curve iteratlons
under the conbﬁQOMhsoly@pbtﬂtmmn suqulabﬂfeOBmedﬁleyIpmmprmfﬂmmeéﬁompaa-
engine is ne I terati

The pover at 14 Era0Al P L G AT Heit NSBB e SRFGlhEBkiRD,
(12t h power cimide oftﬂre&thy&ﬂﬁbper&amﬁﬁp(ﬂoe{cbafrﬂlﬁel“&ma) ahd t4hT)cp9i1hlental
stage of the first r curve.iteration and a power | o0ss in
percent 2i s caﬁseé?fﬁﬁ?t grt esr"'@%gwﬁ%\%‘}é ’@gg’lifr]egk?ﬁ‘?qsﬁ“'?%beé?\% ne the
more effecti veebhatReERRGABRIAI S at redUC|ng or mnimzing power | oss.
The results of the test are summarized in Table 5. 10The detergents
that are used in tHieRaretesy Exsrapladeis prepasadnbios] amigtine ¢ hiviceini ride

Beanplo 1) o canag et TDOF AL p TR0 YR APELT PRT RS LRI 2'ite

succi ni m de o0 €318Aetams) emiapbrﬁramemted(\mWMg ve 1Eﬁ%mplr1ele12)a Bind g&n

experinental detergent rese nve ( Ies .2 d
4) as déscri bEHC 5@% i) T’ngﬁné'g%pr %n\m h@%‘g?ﬁef‘g@ oFr RSy ls 'ﬁ%ﬂﬁd
(mn) Speed (s‘i@Mbn‘bﬂér &5 5nih@9:@ mifht@niglehbh tdbpdaturd Wbw UQ5°C. The

reaction temperature is increased to 150°C and held for a further 3 hours. The

resulting compound is a DMAPA succinimide.
Example 1
15 Reaction product of Preparatory Example A, styrene oxide (12.5 grams),
acetic acid (6.25 grams) and methanol (43.4 grams) are heated with stirring to
reflux (~80°C) for 5 hours under a nitrogen atmosphere. The reaction is
purified by distillation (30°C, -1bar) and gave a water white distillate. The
resulting compound is a styrene oxide quaternary ammonium salt.
20 Example 2
Reaction product of Preparatory Example A ( 373.4 grams) is heated
with stirring to 90°C. Dimethylsulphate (25.35g) is charged to the reaction pot
and stirring resumed (~300rpm) under a nitrogen blanket, exotherm raises batch
temperature to ~100°C. The reaction is maintained at 100°C for 3 hours before
25 cooling back and decanting. The resulting compound is a dimethylsulphate
quaternary ammonium salt.
Example 3
Reaction product of Preparatory Example A (1735.2 grams) is heated
with stirring to 90°C under a nitrogen atmosphere. Benzyl chloride (115.4
30 grams) is added drop wise maintaining reaction temperature at 90°C. The
reaction is held for 5 hours at 90°C. The resulting compound is a benzyl

chloride quaternary ammonium salt.
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451750 10 55 2000 + 10 6 5 2250 10 7 5 2500 10 8 5 3000 10 9 5
3300 10 10 5 3500 10 11 5

Example 4
The reaction product of Preparatory Example A (152.6 grams), dimethyl

carbonate (31grams) and methanol (26.9 grams) is charged to a pressure vessel.
The vessel is then pressure tested for leaks and purged with nitrogen twice.
5 The vessel is pressurized to ~19psi and the batch heated to 90°C with agitation
(~210rpm). The batch is held on temperature for one hour before being heated
to 140°C and held on temperature for 24 hours. On cooling back to ambient
temperature residual pressure is released before decanting product. The
reaction was purified by distillation (100°C, -0.5bar) to remove free dimethyl
10 carbonate and methanol. The resulting compound is a dimethyl carbonate
quaternary ammonium salt.
Note: For Comparative Examples 1 and 2 the active chemical is
accompanied by inert diluent oil in a ratio of active chemical to diluent oil of
85:15 by weight.
15 Note: For Examples 1-4 the active chemical is accompanied by inert

diluent oil in a ratio of active chemical to diluent oil of 50:50 by weight.

Table 1: Results in the CEC F-23-01 Injector Deposit Test

Detergent Dose Rate Active (ppm) | Percent Remaining Flow

()

None* 0.0 11.0

Example 1 17.5 73.2

Example 1 17.5 46.4

Example 2 17.5 31.0

Example 2 17.5 24

Example 3 17.5 33.7

Example 4 15 27.1

Note: * unadditized base fuel (no detergent present in the fuel)

20

Table 2: Results in the CEC F-23-01 Injector Deposit Test
18



4000 10 NOTE: The ranping tine between stages is 27 seconds except
for the ranp from Stage 11 back to Stage 1 which is 30 seconds. These
ranp tinmes are not included in 20 the stage tines (i.e. total
duration of the schedule is (11*5 m nute stages) +00*27 second ranps)
+ (1* 30 second ranp) giving a total cycle tine of 60 mnutes). Table

4. Stabilization Run Stage Tine (hrs) Speed (rev/imn) Load (Nm 1 2
3000 10 150| Pef2rgm20 10 95 Dose Rate Active (ppm) | Percent Remaining Flow
(%)
Comparative Ex. 2 51 79
Comparative Ex. 2 51 63
Example 2 50 100
Example 2 50 938
Comparative Ex. 2 38.25 34
Comparative Ex. 2 38.25 32.4
Comparative Ex. 2 38.25 30
Example 2 38.5 76
Example 4 38.5 41
Example 4 38.5 72
Example 4 38.5 84
Comparative Ex. 1 38.25 84.0
Example 1 35.0 99.6
Example 1 35.0 84.8

The results of the test show that formulations using quaternary

ammonium salt detergents of the present invention (Examples 1, 2, 3, and 4)

shows equivalent or superior flow performance and less average blockage of an

5 injector compared to formulations using an unadditized fuel and/or
commercially available detergents (Comparative Examples 1 and 2).

The detergents are further evaluated in a High Speed Direct Injection

Test. The High Speed Direct Injection Test is described as follows. A diesel

fuel containing lppm of zinc plus the respective detergent is inserted into a

10 2.0L High Speed Direct Injection (HSDI) Ford Puma engine. The engine is

initially run at 2000 rev/minute for 5 minutes (engine warm-up period). After

the inijtial warm up period, the engine is run in six (6) power curve iterations

under the conditions set forth in Table 3. After completion of the sixth power

curve iteration, the engine is subjected to the stabilization period under the
19



31 3500 10 80 5 Table 5: Results in a Hi gh Speed Direct Injection
Test Detergent Dose Rate Active (ppm % Power Loss at 17hrs None 0.0
9.13 None 0.0 9.71 Exanple 1 17.5 1.85 Exanple 2 17.5 3.15 Exanple 4

15

10

15

conditions set forth in Table 4. After the stabilization period is complete, the
engine is run in another six (6) power curve iterations under the conditions set
forth in Table 3. The power output of the engine is measured during the 9th
stage of the power curve iteration. The power at this 9th stage during the final
power curve iteration (12th power curve iteration) is compared to the power at
the 9th stage of the first power curve iteration and a final power loss in percent
is calculated. The less power loss present in the engine the more effective the
detergent is at reducing or minimizing power loss. The results of the test are
summarized in Table 5.

The detergents that are used in this test include: a commercial available
1000Mn polyisobutylene succinimide of dimethylaminopropylamine (Compara-
tive Example 1), a commercially available 1000Mn polyisobutylene succin-
imide of tetraethylenepentamine (Comparative Example 2) and 3 experimental

detergents of the present invention (Examples 1, 2 and 4) as described above.

Table 3. Power Curve Iteration

Stage (i) (evimin)
1 5 1000+ 10
2 5 1250+ 10
3 5 1500+ 10
4 5 1750+ 10
5 5 2000 + 10
6 5 2250+ 10
7 5 2500+ 10
8 5 3000+ 10
9 5 3300 £ 10
10 5 3500+ 10
11 5 4000 £ 10

NOTE: The ramping time between stages is 27 seconds except for the ramp from

Stage 11 back to Stage 1 which is 30 seconds. These ramp times are not included in

20



9.95 Conparative Ex 1 38.25 8.35 Conparative Ex 1 38.25 6.48
Conparative Ex 2 38.25 5.30 Note: * unadditized di esel base fuel (no
detergent present in the fuel) 10The results of the test show that
formul ati ons using quaternary amoni um salt detergents of the present
i nvention (Exanples 1, 2, and 4) produce equival ent or reduced power

| oss conpared to fornul ations using a unadditized fuel and/or

comer ci al avtelstigk eindtet(be. geat surb@onmplathatsthedulEXaipl*6 snihutanchgdy) .+(10%27

S ngapor can ParenABp Car ) SrORb 0T e (ARG AR Lo AL D

docunments referred to above is incorporated herein by reference.
Except in the Exanples, or mher%hgknfrmﬁ5ﬁ2§§BH&fitly I ndi cat ed, al

21 Stabi I
Time Speed Load
Stage (hrs) (rev/min) (N-m)
1 2 3000=10 150
2 2 2020+ 10 95
3 1 3500+ 10 80
5
Table 5: Results in a High Speed Direct Injection Test
Detergent Dose Rate Active (ppm) | % Power Loss at 17hrs
None 0.0 9.13
None 0.0 9.71
Example 1 17.5 1.85
Example 2 17.5 3.15
Example 4 15 9.95
Comparative Ex 1 38.25 8.35
Comparative Ex 1 38.25 6.48
Comparative Ex 2 38.25 5.30
Note: * unadditized diesel base fuel (no detergent present in the fuel)

10 The results of the test show that formulations using quaternary
ammonium salt detergents of the present invention (Examples 1, 2, and 4)
produce equivalent or reduced power loss compared to formulations using a
unadditized fuel and/or commercial available detergents (Comparative
Examples 1 and 2).

15 This Application is a Divisional Patent Application from out of

Singaporean Patent Application No. 200718348-6.
Each of the documents referred to above is incorporated herein by

reference. Except in the Examples, or where otherwise explicitly indicated, all
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nunerical quantities in this description specifying anounts of
materials, reaction conditions, nolecular weights, nunber of carbon
atons, and the like, are to be understood as nodified by the word
"about." Unl ess otherw se indicated, each chem cal or conposition
referred to herein should be interpreted as being 5 a commerci al
grade material which may contain the isomers, by-products,
derivatives, alferdan@uafi iTRARIdBSptMA HRcAVIBgNAITRLY ¥F MALSHEL 004d-
to be present in the comercial grade. However, the amount of each
cheni cal conpberesenditionsy Bolaspiag wesghty siupdenef eaahons glopentndothe dike yasp to
oil, which ri i gt 0} j -8

unl ess ot hepem%sg&li% i %‘g{%# A%i?@%%?ﬁfs}é t“ll ooq%eQﬁ%‘%émgﬁa{%‘:ﬁéﬁhﬁgﬁ&%ﬁgf
and | ower anoeach,chemigé pr amdpostioordfemed & batinfdothl beméérpremmlyadleeing
i ndependent|ly conbined, Simlarl t he ranges and amounts for each
el ennt Jof 1 1 SO g0 nlerthL cuiEn GRRR SER R A rgRge 0P RS
for any of théerblatiees, eindneihts suds misQthlNerigEtin aré MOraXIPy @S88fbod to be
"consisting essentially of' permts the inclusion of substances that

do not mat er i BIEFSAT 8ok etamMAR1A) GPEC- anldoYieRE thnamaurerf serl chemighe
conposi ti on ungdeloeRNa efentdlt & QMusive2df adiN & IviR oq'ltﬁ]u'glllt ol whicHgh4108:

of inproving the power 1oss performance of an internal conbustion
engi ne conpr i @iskrgnarily pserspl ini thg commszarial evatfiring wnlésgelthapigsosdicasd. It
conpri sKng: 5j.. f [ sl 1 qui Loom r ture'.ngrj.'i.
auat er ry. ann oS0 ds e b RahuHRRTBRRE s il et
reaction of afdothdheear bhydy dubiideperidedtinayphdtingy afjietitarndha @ogssound

havi ng an oxygen Qr .nitr n atom.capabl e of condensi ng with said
Ryl a0 ng. aqeHEout R RETETHAY PRy By Shnir) POLp i Gehees or

amounts for any of the other elements. As used herein, the expression "consist-

ing essentially of" permits the inclusion of substances that do not materially
15 affect the basic and novel characteristics of the composition under consider-

ation.
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10(b) a quaternizing agent suitable for converting the tertiary am no
group to a quaternary nitrogen wherein the quaternizing agent is
sel ected fromthe group consisting of: (i) hydrocarbyl substituted
carbonates; (ii) hydrocarbyl epoxides in conbination with an acid; or
(iii1) mxtures thereof 2. The nmethod of claim1l wherein the
fuel is gasoline, diesel fuel, an oxygen 15containing conposition, or
conbi nat i ons“@%ﬁreo[ .. 3. The nethod of claim1l wherein the fuel has:
(i) a sulfur VEFBh a wei ght basis of 5000 ppmor less; (ii) an
al kali nmetal content of O to 1000 ppm or (iii) conbinations thereof.
204. The net hod méthaed aif nmbprovideethei powdndodsypbrfacmatigd oS arb &itémult ednbustion
acyl ating agent is polyisobutylene succinic anhydride. 5. The nethod
of claim1, WS onpound of (a) is a N-nethyl-1, 3-
di am nopr opane.
A supplying to said engine a fuel composition comprising:
5 1. a fuel which is liquid at room temperature; and ii. quaternary ammonium salt

comprising the reaction product of:

(a) the reaction of a hydrocarbyl substituted acylating agent and a compound
having an oxygen or nitrogen atom capable of condensing with said

acylating agent and further having a tertiary amino group; and

10 (b) a quaternizing agent suitable for converting the tertiary amino group to a
quaternary nitrogen wherein the quaternizing agent is selected from the
group consisting of: (i) hydrocarbyl substituted carbonates; (ii) hydrocarbyl

epoxides in combination with an acid; or (iii) mixtures thereof.

2. The method of claim 1 wherein the fuel is gasoline, diesel fuel, an oxygen

15 containing composition, or combinations thereof.
3. The method of claim 1 wherein the fuel has:
(i) a sulfor content on a weight basis of 5000 ppm or less;
(11) an alkali metal content of 0 to 1000 ppm; or
(ii1) combinations thereof.

20 4. The method of claim 1, wherein the hydrocarbyl-substituted acylating agent is
polyisobutylene succinic anhydride.

5. The method of claim 1, wherein the compound of (a) is a N-methyl-1,3-

diaminopropane.
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