10

15

20

25

30

TITLE Quaternary Ammonium Salts For Use In Fuels and Lubricants
BACKGROUND OF THE INVENTION 5The compositions of the present
invention include a quaternary ammo- nium salt. Such quaternary
ammonium salts in a fuel composition reduce intake valve deposits and
remove or clean up existing deposits on the intake valves. It is well
known that liquid fuel contains components that can degrade during
engine operation and form deposits. Thegg deposits can lead to incom-
10 plete combustion of the fuel res%tin in higher emission and poorer
fuel econcTHAEUET SAIEL UL R R S 8 e St Beants
additives in liquid fuels to help with control or minimize deposit formation.
As the dynamics and mechanics of an engfine continual advance, the
requirements of the fadebmtr NS A WHR Y HESE engine
advancemenisnhpssixensote, tiasl pyisehb ieneamhiatunieatquaysieny ammo-
that have smaller tolerances and operate at higher pressure to enhance .
A WFQQ%WB&H% onltr étﬁoﬂl?ﬁékﬁ't%}é Yfplntake
anel deprpbsied antiarimotese cesn epgiREsi hgsibees et iticahtakepitnals,
operation of today's engines. Advan en?ents in fuel additive technolo

AL Rt el o

suich as HeERET AT DR Al Sh iRl QBRI O RARE IS dhabgar tegrade
eniginegpavgimecoperys on et fferirtbeos 8. nFeddeapaaitditen hegphtde ncom-

of providing, acceptable performance, jn a liquid fuel to promote optimal

o T B T TG o oy et S ST e ey e
detsngemiyoFai aoldi tiy a5 astivhged (etesyehisy bfeyaekkoatmeadiitactdsn liquid
with art of dialkylenetriamine. .25 US 4,171,959 discloses a,motor fuel
o A D o P e AT OImEP T m e P fhebigs and
quadehaaiysanfiranningi it tratsnaaoamianos ohe reajidesraesitépbb biadef oelamust
carboxylate. US 4,338,206 and US 4,326,973 disclases fuel ,
BT e T, T ARl ARG ShiSe £ oL oAl today's
whegaied s njecionsysten Stdidiavecsrobt arcohatinpy radohioperiate)at higher
US 4,108,858 dﬁ%ose alfuel or I*(J9bor'%atin oil corréposition cclbntatining % b
B B Sy SR GRS MR BY 8150 Yao1 SO0 RERRE it SRR samber.
UBdpas4, pBS disicdosasd dapbsianmpdsditon contdiesegneve aotiomeprhesidiecome
of a polyalkyl succinic anhydride wijth,a polyamin droxvalkyl quaternary. ,.
R S e el B YR R ve
atgubhielogyy Suaim asodeiengerits flaabhy dnoaz dob thevifluel Movkeep50ptavith these
3000.bonded to triethylenediamine. The quaternary ammonjum salt
e PR AP K P R FT R 0 capable o
diptkyipihog phatpsalil erpéekyratiapite ratadi quitdtégel nitrpiesnote loptiatek operation

bi @ at |kanoates , and 0,0- dialkyldihtiopho sphates . 10US
4,@61 %)@%%ﬁbhsge% a fuel or lubricating oil containing a quaternary

ammonils S0k 202udisitlisetepnittest eramioeadetergintolat astdal ey reacting

D A S e S S e
succininitfs 4vitR1CA2 Eisceteraamoter Tl sooubaistide isathishnregayeedternary

WER G I%'?ﬁtggf%%sﬂt?c?ﬁ’l’r%?ge‘.inflh%%&a?e?ﬁa%oamﬁ%ﬂ?ﬁn?&ﬂ?lhas a coun-

composition containi
terion of a halide, a sulphonate or a carboxylate.
US 4,338,206 and US 4,326,973 discloses fuel compositions containing

a quaternary ammonium salt of a succinimide, wherein the ammonium ion is

heterocyclic aromatic (pyridinium ion).
US 4,108,858 discloses a fuel or lubricating oil composition containing
a C2 to C4 polyolefin with aMw of 800 to 1400 salted with a pyridinium salt.
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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 20alkyl,
C2 to C8 hydroxyalkyl, C2 to C20 alkenyl or cyclic groups. The
present invention, therefore, promotes optimal engine operation, that is,

:ncreased %b@qom&wsbkl)@ié@g uerbislestripabition f@ﬁwéﬁﬁr@ﬁiﬁ@&éﬁﬁ)ﬁrﬁoduct
es gl tenance minimizing an trollin epOSIt
R VALK ARG, eI SN D S e B R . fernary
fusthetopfoMidesta method for fueling an internal combustion engine,

comprisin upplyin said epgine: i, a fuel whjch is liquid .at room
o B O R R i Pl R B S-rnry
p@gﬂu@mﬁrﬁaéaume;femydm@ambu@mam@msawed aog}amf@@@ﬁm triethy-
and a compound_havin oxygen or nitr tom capable o
COrRESIING it LAY GHotBNTA AT (5t SRS 98y selestest from
gmmw@h@oaane@temgz mmsgmb§Ud£ﬂmI@rph@sptm&n©®k@é§rWyl borates,

aming group 1o a atern nitrogen 5wherein theq ernl agent is
S o e R e o KAl et~ 0.0-

suhalityiteithcapposphescdydrocarbyl epoxides in comblnatlon with an acid

fuel comBo oA e RS Uiich [ORAGTH 28 b A B Sdrery

aamatemamy wmoﬁlmmeaaitmtj@mmdmmmtb@rbexybo eiduesief.  US
CAABIRS  0g  S50n HPHRogn BT U35 b oo B e

smr:bsanda_tqig‘ Ia@@mﬁdur&%ﬁ@mﬂgeawﬂmmlgmmgﬂ@up saBdi nimille with

2 AR Rder o PRIS RSSO i AN MR 95

US 4,253,980 and US 4,306,070 disclose a fuel composition containing
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 C1l to C20
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.

SUMMARY OF THE INVENTION

The present invention further provides a method for fueling an internal

combustion engine, comprising:
A. supplying to said engine:
i. afuel whichisliquid at room temperature; and
Ii. quaternary ammonium salt comprising the reaction product of:
(@) the reaction of a hydrocarbyl substituted acylating agent

and a compound having an oxygen or nitrogen atom capable of
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wherein the quaternizing agent is selected from the group consisting of

dialkyl sulfates, hydrocarbyl substituted carbonates; hydrocarbyl epoxides

in combination with an acid or mixtures thereof. The present

invention is also to a lubricating composition comprising an 200il of

lubricating viscosity and a quaternary ammonium salt which comprises the
reaction product of: a.the reaction of a hydrocarbyl-substituted acylating

agent and a compondshsiag Vg BN KNP Iafi Atragant it oppeblRRing a ter-
condensing with said acylating agent and further having a tertiary amino
group; and 25b.qtl5§rt3ém&i'ﬁ%%? é'%’i §Uaable for converting the tertiary

amino group to a(gyateroasyeniaagnaybereini thel @ aletiaingtagenhis tertiary
selected from the group consisting of dialkyl sulfates, hydrocarbyl

substituted carbo?%i@g;q{%f:b%?og@’@tﬁ O WHbination with an acid

or mixtures thetepti anHeqereimitiegibgéiubscatingedseonityHe grodp onsist-
Group J, [I, Il1, IV, V 300il or mixtures thereof. DETAILED DESCRIPTIO
o'rf‘grﬂgeo\ﬁ@ﬁhﬁ‘%ﬁe& ﬁ\v/%@gbeﬁe%g YRR Q%t%?nEB}Sﬁ'iR?@ﬁ!Pé/ 'Nepox'
willidzsi nlesanithiedt stiani thyawayi dfaraniinoitésghbussfation. Field of the

Invention_ 5This invention involves a ternary ammoniym salt in (1) a

fuel com! BB ARSNGB e 0 gt on com-
fusiisig@a ierahichmb Lisfidan angiom fenepearuresiions qustenetyodsefonium
the present invention minimize, reduce and control deposit formation in
LD AT e B PN OB RO, promotes clrivabity, vehicle
maintenance thad eadiicrsctOantigdiacarbyliciulestatotes cpyhztilrgnaigent and a
operation. Fuel . The fuel compasition of the present inventjon . . .
e AR e g R DTS
fuagin gt ey expgimeanthielfthedrisiano ny al hedi boyishsinarghoept andditions e.g.,

) . he fuel be a h bon fyel .
oy Beer S HHEE A AP0 SN R SEAIbn IEREANBE mino

peralpum algidtatedoyindualea gasoline as defined by ASTM specification
D4814 or a die%el fueltﬁs defined b¥'ASTM spesceiiica[lrt%gr} DQY(EH In an it
embodiment &f RE VORI ERE HEE19Pd YR daIFe ard if BMhée group consis
emgoolindestts/treifiabss ehigdrdedr hglselibsti tutedncanleattes? 0yphsohriay|liepox-

another embpdiment of this invecption the fuel hsad]iesel fuel. The
ides n comimation wit g, Aeid ormix urest et I
hydrocarbontuel can be a hydrocarbon prepared by a gas to liquid

process Thephedentaneratigrie Ssidmta bl i patipar edrbyasi frmtesmpucng an

as .t]he Fischer .I‘Oé)SCh rocess, Thel%nhrydrocarbon.fuel gg{w\% i%

Oil Of lubricating viscosity. and ar monium Bcom rises
oxygen con{amln composYtlon, o?tgn reerrerr% %nas an oxygenate, to P

inttiadeaat @iquitoolcroéther,

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. guaternizing agent suitable for converting the tertiary amino
group to a quaternary nitrogen wherein the quaternizing agent is selected from
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 APl Group I, 11, III, IV, V

oil or mixtures thereof.
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25 a ketone, an ester of a carboxylic acid, a nitroalkane, or a mixture
thereof. The nonhydrocarbon fuel can include for example methanol,
ethanol, methyl t-butyl ether, methyl ethyl ketone, transesterified oils
and/or fats from plants and animals such as rapeseed methyl ester and
soybean methyl ester, and nitromethane. Mixtures of hydrocarbon and
nonhydrocarbon fuels can include 30 for example gasoline and methanol

and/or ethanol, piEesal fuebane StrIFat @NdoFEs el Fuel aEla | ON
transesterified plant oil %ilch as rapesFﬁed methyl ester. fg)an embodiment

of the inVeRRIPRESTER A RN SheDm BIERRABTRRIR WL PHIBREABRINE! oW by

fuglhyaciammdranangan deebisa mixture thereof. In several embodiments

of this invention the fuel can have a su|phur content on a weight basis that

is 5000 ppm or less, 1000 pp@@é@&,—%@yﬁ&% less, 200 ppm or less,

ﬁO ppm mriesm\mﬁarppmmv@aﬁdl%aﬁmﬁﬂgrammwnmrmmme) cafudh com-
ave.a sulphur content on a weight basis of 1, to 100 ppm. In_ one .

o R r e T O ORR 9 S TEARE B eipg bisernd

algonihe3 aprengibeut Tlie abmpickPopsrandhaet b alfouiedbPrpgant invention
abaut 0.to about 25 ppm, about 0 to abqut 10 ppm, or. about.0 to 5 ppm of
2 AT FRiE1d SR A SRR DS TR SERATS e 0iPEs Wik ecuces
Infaelotbesembddmepitdhes| diiey alsintgins,/éHiclE0 primteyianeightiodl reduces
alkali metals allﬁllineﬁarth metgls transition é%aetals or mixtures thereof. It

is%ﬁ%%wnhc &38R AP R |€%%%?R8f &k metals, alkaline earth

mietgls, transition metals or mixtures thereof have a greater tendency to

form depgsits and therefore foul or plug common rail injectors. The fuel of , .
tho nven 150 1 LSHO A 29,81 (8 EEEEFYICD o o AL ch is
géinpiallst gratetdingerafupe eeeht dry vecighfubind finebthgraanshgidimemtseisuel is
present at greater than 90 percent by weight, greater than 95 percent by,
R T oL g o S RAPTRR A S a0 )
byl heeifintl Qaatdenaryhixdnotaniom $adt, 20 Toalopmposibomsf oélther a mixture
present.invention comprises uaternary am- monium salt which .
s B e G e e G o include o
hyentany gk slabistéd tegl A S MMisgaatfeodtaot R4S po @ndl dsalinglaas defined by
o] or nitrogen ato pable of condensing, with, said acylating .agent, .
S S e o R LR Bl 15
sgssblenBprandrin dthee amigotdi en@artsattyecionh csgr bequltol gapobteznarya nonl eaded

nitrogen wherein the quaterpizin nt is selected fro 8tpe rQu
coRe T ARAE SRR SRR MR D R Rl ruet. e
hyyareadnbadoed eanirbecartidedican veithpaepaced drynaddasdas thqredfprocess to

SR 1, SR R b B R R o rischer-
in€oopechtquldneseferdine NOSh 58080 UBEB, a8, 331 ad Sox yigeh, 96@gtai ning

T T

agédrtontharpestarnefimveartion yéi thacrd aativtr paid@ne; of a longfatesihereof. The

c e QAL GRS A, HASE WS oy

dieihdsoxylathyticesudh kesdoenaanserigittiedniol sciahdfedeietacidongiiplants and

derjvatives of (i) suc vay r oCha erj ong- pr
d%gls'tﬂégr}goﬁ&ﬁ(ii%a?@%%%angﬂ%@éd%ﬁo %?0 m n%ac%rb}ﬁgglﬂ a%%e?, and
sinthierabeyi ditkturenaéthudrotiarboid .arna (onbydneaivberof i sstachinclude

o5 LIRS0 ANET NSO AR OB PICARFRR, an

an ole the genera ormu

(R SERI2] Tet ARG GRS EN(Ip\anicntirbuclepof appseed RIElBY! ester. In an
e e L B o

preferably at least one is a hydrocarborybased group containing at least
20 carbon atoms.
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Olefin polymers for reaction with the monounsaturated carboxylic acids
can include polymers comprising a major molar amount of C2 to C20, e.g.
C2 to C5 20 monoolefin. Such olefins include ethylene, propylene,
butylene, isobutylene, pentene, octene-1, or styrene. The polymers can be
homopolymers such as polyisobutylene, as well as copolymers of two or
more of such olefins such as copolymers of; ethylene and propylene;

b%%ﬁ?ﬁ@aﬂﬁ@wi3‘@1@“%6ﬁ@nW@lmﬂnﬂﬂobﬂtﬂeﬁﬁx@t@efr@@@ﬂymﬁfsseveral

mclude those in which.a minor mola oun of the c Bo mer 25 ,
e AR R G AP aL SR apeioht
ob@@bwnder@am @p’mdcwﬂ@s@Fl@@@WWH@&ﬁBE@@@WD@Hﬂﬁ@@@%pm or

1,4-hexadiene. In one embodiment, at least orh?R of formula

d&?ﬁ?e&?rc%”b&%ﬁ%én@r ﬂw%ﬂ@”bey s SR CAYRAMEMRCHBIRY zhe fuel can
11mueraesl,2rimm@nm o LRERIR. K24 poly MessIcaieludd one embodiment

|sob Iene In anoth rembodl ent ast one R of 30 formul
e B P B el e REly TSR, PRl O to abot 560 pprm,
et’ﬁncbanepw@md@meiwrp@moladmtaﬁmﬂbm &mip@mlemmmntmmaaa ppm

Ien -lower olefin-diene ter descr in. numerou

R AN o SE o R, ) 276 g0 AR G earth
folhemm Wanited dotatesaf@mnisi 3. re8 iHdbedt, 020, 308t kO3 BOGMent the fuel
4,137,185; 4, 61; 4,320,019 57,2 4,658,078; 4,668,834
4GS, £ 18 s B e DU VRSO el B Ry o et et
fotrraa@uantmgelesuweauatmkwmetbyfenelbaswbuowmm |5Ithermmmat a fuel
embaqdiment, Ee olefini bon(ﬁ of formul []?g@ red inantl §I|dene
ME S T VTR e N i SR r dAgfures
gtberedd W@Hﬂiﬁﬁmhmedelﬁtgsmhydmo@ebyhgsoam theﬂeforeefoul or plug
embodiment he vinylidene cont Pff &)‘& aﬁ rlse at Ieast fuel
BT oV DHBuue s SRR ol b GaTino? fue
15@rpass; o amIeaa’tajibplaﬂ@molb%|\ss|rgdlttmd¢yggmater8hah rBatpardent by
and methaods for preparin described.in U.S. Pat. Nos.
c WelBBl o, 3 R P RS R b i i 99 percent by
6;&8@&3&3@3@&71:9&9 %oeucewmbumgon Nt Q00MDITESGRAdent by weight,

200501 73&13 a%% 060079652A1 vi/hlch are expressly incorporated

herre%eby reference, Btr(? ucts %re commercially available by BASF,

Ui et 0Ty MdemmnmCSaISSOPAL(r) and by Texas PetroChemical LP,
under the tragcerrrl]agetl'l'ﬁc ]fl (tm I'Ir'“F/’C t585 Metholcjigtof arv am-
making hyaerocarByF LBSH Putede a%y ating agents r?rom e¥eactionofthe Y

mmmmmasarawdlchrbommcasldheaemmtcmpmmjcbmmo(mh tfdfoeactian of a

NN R SR R Y S USRI b e o
taklerpm:e DB, F:’analblesoB 087488 N8, WiRl8%ai B, aRA AIU®) 3B, 20 further
5 Lt %r?%\?ﬁﬁn @‘91 é? 42&5} AR ARG AP LR or con-

are by incor
vertlng 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
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.
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In another embodiment, the hydrocarbyl substituted acylating agent can
be made from the reaction of at least one carboxylic reactant represented
by the following formulas: 5(R3C(0)(R4)11C(0))R5(IV) and OR9
R3-C(R4)-C(0)OR5 OH(V) wherein each of R3, R5 and R9 is
independently H or a hydrocarbyl group, R4 is a 10 divalent
hydrocarbylene group and nis 0 or 1 with any compound containing an

olefie otdasRrsapaiaedN dornHBAbettompounds and the processes

for making these compounds are disclosed in U.S. Pat. Nos. 5,739,356; .
o777 240 HRRG BUEHSIEL A R 94 e el Jayention is the
angabRsreprbastint et dhg Enalnasaniydpubistiateebng\AaoNgRgRNE SRS ttBd with
be made from the reaction of any compound represented by formula (I
wRHTPOS SrsplH sttt GRS aAREl GRS 8-Br PRaskisaiyeated Ca to
aldehyidersoxaieng Puilab e alshyees iaksgsner rpidemyeER acid.; (i) deriva-

acetaldehyde, propionaldehyde, butyraldehyde, isobutyraldehyde, _
pdiNER Rl (Neksha RRRYATR RleCo PP B AlgdNsaaany Rigliasters of (1);

g@ﬁ?@ﬁ%%&%ﬂd%&@% Bieh Anshe o B8eeSIRHY-8!¥e%Ale 28d and

useful, although monoaldehydes are generally preferred. In one
eﬁi‘%@ﬁﬂém,aﬁlQérﬁfdé\fbsqgﬂfﬂlm%%é}%ﬁm éarrbéostpplinlsdereved esters
2GHRRHSAAHA QIHRFOIRIE st AhAR TAEBRNTH B BJRIMEPSERBIUSE e general
the polymeric form as paraformaldehyde, which is a reactive equivalent of,
of ABlice 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 meth;('ﬁ MRNFESOR e FmeRe) Idehyde&')and/or ketones are
also useful. Compounds and the processes for making these

compounds are disclosed ig U.S. Pat. Nos. 5,840,920; 6,147,036; and
60 8geach of FandfleReshafieReRERRE nydegaRy PE b SRlRsgrbon based

agyEIHIERgAHCRA IRCILSe RMeihyleafRiRrRRE MYLUPIGRAQIE A%ipHrocarbon based

compounds, the condensation product of %omaﬂc compound of the
foRFRLIPA: T erge B BRI IS R Y GHRRaPRRIN BRREH DR SOAMB ol east 20
AESBRA agratic group containing from 5 to about 30 carbon atoms and

from O to_3 optional subs tituents such as amino, hydroxy- or alkyl-

polyoxy MG MRAYRRIM LI KFCHIRWIE She BiaahERaHECh R P &eifls can

S| OBEQIHN S HORRESS Agi el ag BEMASIBENAAGLINO WE CBlkeXE,0, e.g. C, to Cs
(ORmM)b01211, or 0- wherein each R10 is independently a divalent

hyRPBeSkEiN groat 181 RS idNG B ERLIBy IRERRY IR Pk Ba% rd ey ene:
frpentbrie, BbRHE30-oF iBPeAIMTDRE FRIGHNG SR BeRoARSIH ynaend licts & Pblyiso-

an integer from 1 up to about 6 with the proviso that m does not exceed

R R POYGH 18R COR Y R T 8P ShERIEEAY SVl RS LGB FRGRBAIYmers
gt (EhgtdResi RN RERYRNAI IR IIRE B ok t/1er RO RN Al e iaBatylene.
(V) and (V) described above. In.one embodiment, at least one 15

hﬁ‘h% IYFBENS BICHHRe ARGFRAL R S BE! oA B e Capolymer
PObutancs StEined by povmersalion ol ioabyeng e mesenco
olybutenes obtaine olymerization of isobutylene in the presence o

- IR AR R, OF & Rl THR o R 7 RIABY SRR RBGRAETe

In one embodiment, at least one R of formula (1) is derived from polybutene,

that is, polymers of C4 olefins, including 1-butene, 2-butene and isobutylene. C4

polymers can include polyisobutylene. In another embodiment, at least one R of

formula (1) is derived from ethylene-alpha olefin polymers, including ethylene-

propylene-diene polymers. Ethylene-apha olefin copolymers and ethylene-lower

olefin-diene terpolymers are described in numerous patent documents, including
6
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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 presence 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
aldefhysarppdtetpprisRegiantEP P Ryedan this Sie bsitbmeizf isnilel BeiesaRtents:
those described above. The ratio of the_hydroxyaromatic compund:
A B e AUZHPI e ARG RetBre Lafibe AP ORI 1 SR el feo7.250
I'UEBs ,w@?ﬂwf,%iha,%vgbg?ﬁgﬂteoq Iﬂle)a'ohléf ?mﬁdh) a@ﬁ\@bfmhatédoﬁerei n
the materials fed to the reaction mixture will normally approximate these
ISR (ORI B0 DEsH Bl e Beed POpErate for
greater on lassier enabiviiyreht o betnas antinelulia 0y des [Peidivmant!y
ata ri.actiongroduct with the %isl_rgc? ﬁttio. of mono[ners. Such corrections

! e 9

wI Y A QERHR, TR rden WAHOUMMBSthe three reactants

can be condensed simultaneously to form the product, it is also possible
to conduct the rgaction seqll_,‘;entially, whereby the hydroxyaromatic is
reacted first wit EilP:e:rQ[/I':f carboxylic reactant and thereafter with the
aldehyde or ketone, or Vice versa. Compounds and the processes for
making these cBmpounds &e disclosed in 5U.S. Pat. Nd!13,620,949.

O, g, t drocarbyl substituted acylating agent can
bé%%ﬁ%@%%%e&e@ﬁce, U.S. Pat. Nos. 5,912,213; 5,851,966,
and 5,885,944 which are hereby incorporated by reference. Compound
having a nitrogen or gxygen atom 10The compositions of the present

invention contains mp%@ﬂzaving an oxygen or nitrogen atom
capable of condénsing wigh the acylating agent and further having a
tertiary amino group. In one embodiment, the compound having an

oxygen or nitrogen atom EHpable qf condensing with the(Hgylating agent

oo o R BN R AVl wherein X i alkylene

group cdit@iRmeTRelnento Hisoviny! cam AaeM N2 PORS(BreAr 4airgrise a

SR 3018 TN s, 1SRN SOBIRR0H e

gsapes, 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 20060079652A 1, which are expressly incorpo-
rated herein by reference, such products are commercially available by BASF, under
the tradename GLISSOPAL® and by Texas PetroChemical LFP, 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
(1) are well know in the art and disclosed in the following patents: U.S. Pat. Nos.
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.
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Examples of the nitrogen or oxygen contain compounds capable of
condensing with the acylating agent and further having a tertiary amino

group can include but are not limited to: dimethylaminopropylamine,
N,N-dimethyl-

aminopropylamine,N,N-diethyl-aminopropylamine,N,N-dimethyl-
aminoethylamine ethylenedi amine,1 ,2-propylenediamine,1,3-propylene
diamine, thexipaae Bmbodifest dtiamhyerofe BYAREBEAIRE SScy ating agent can be

hexanediamines, Sheptanediamines, diethylenetriamine,
d%%%‘?f@lﬁgﬁ:ﬁqgjﬁﬁé}e 5%& I%%%ﬁi I%o%ﬁg?eggtg'rw ?eprwented by the follow-

triggnsoemetesraamine, tetraethylenepentaamine, pentaethylenehexaamine,
hexamethylenetetramine,andbis (hexamethylene)triamine,the
diaminobenzenes, the diaminopyridines or mixtures thereof. The nitrogen
or oxygen containiRgCo)iPd)adeyRdable of condensing willvihe acylating
agent 10 and further having a tertiary amino group can further include
aminoalkyl substituted heterocyclic compounds such as
143daminopropyl)imidazole and 4- (3 -aminopropyl)morpholine, 1- (2- ami
noethyl)piperiding, 3 ,3- diamino-Nmethyldipropylamine,

3'3-aminobis( ,'Rl-dimethylpropylamine). Another type of nitrogen or
oxygen cgitai 'm_cwpggﬁcﬁgpable of condensing with the 15acylating
agent and having a tertiary amino group include alkanolamines including
but not limitedgdg triethanolamine, trimethanolamine, N,N- (V)
dimethylaminopropanal,N,N-diethylaminopropanol,N,N-

dietieyRmpesh b ol RININLR S enrstentatine auiokpogiby! group, R is a
(RO PSRATING CORUFERRIAINE BYSN with a5 SmpRaiiPesiiify an

present invention contains a quaternizing agent suitable for converting the

tePtRi) BeRkhesgRRieseptachiiaiorAuiA filr SgrnpHedsianththe BeErReeseR@r making
QYR RIS ISEE PR RS SR M 97 I B I LB ey SERIE S /YIS CEFRA 490;

substituted carbonates: hydrocarbyi epoxides in combina- 25tion with an

aBi82h. Pkt 62088 end 6,1k484€- embodiment the quaternizing agent

can inclyde by draide snibBnnaaaRe il SARIRIS bR e IRMEgent can

sulphate; sultones; phosphates; C1-12 alkylphosphates; di C1-12

alRgIFRES hrareihe Fraciten; ot any campmihierresrited Hinfremasa (1) with (1V) or

CAPONRAE SR G ReRAESo @ KANIRIGR ebEi §F lal feast one aldehyde or ketone.

30alkyldithiophosphates; or mixtures thereof.
Suitable aldehydes include formaldehyde, acetaldehyde, propionaldehyde, butyral-
dehyde, isobutyraldehyde, pentanal, hexanal. heptaldehyde, octanal, benzaldehyde,
and higher adehydes. Other aldehydes, such as dialdehydes, especially glyoxal, are
useful, although monoaldehydes are generally preferred. In one embodiment,
aldehyde is formaldehyde, which can be supplied as the agueous solution often
referred to as formalin, but is more often used in the polymeric form as paraformal-
dehyde, which is a reactive equivaent of, or a source of, formaldehyde. Other
reactive equivalents include hydrates or cyclic trimers. Suitable ketones include
acetone, butanone, methyl ethyl ketone, and other ketones. Preferably, one of the
two hydrocarbyl groups is methyl. Mixtures of two or more adehydes 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.
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In one embodiment the quaternizing agent may be derived from dialky!
sulphates such as dimethyl sulphate, N-oxides, sultones such as propane
and butane sultone; and a hydrocarbyl (or alkyl) substituted carbonates.
The hydrocarbyl (or alkyl) groups of the hydrocarbyl substituted 5
carbonates may contain 1 to 50, 1 to 20, 1 to 10 or 1 to 5 carbon atoms
per group. In one embodiment the hydrocarbyl substituted carbonates

contain iwcahyi@caribddiiespsStHeahyarcad N eubRiTated Al{e&RNg agent can in-
Examples of suitaple hydrocarbyl substituted carbonates include dimethyl
o PR PG AL GRh BT LR P it o
bé pahoitdicasipblenofidrsioahugpresented by the following formula, in
combination with an acid: RvV\<R3 R4 (1X) wherein R1, R2, R3 and R4

can be independently Rrf5481-50 hydrocarbyl 15grou .VI) Examples of
hym@@ib?ﬁ@dnmeﬂeid'b Iaﬁtﬂyilaqilgdﬂ)@ﬂmﬁlb @@ﬁﬂﬂr%@@@m'dgaoup c<|)ntfaining
propylene oxide, hutylene oxide, sti e oxide and C2-50 epoxide. Oil o
CRPhcG Tetb ) R AR TN BP e ok AP (BAHENS Such as
cenianio, aydribof-26t klkyicaisigokgaitsitynitrae @il ablyicatimgsensdnbi nations
includes natural or synthetic ojls qf lubricating. viscosity, oil deri from

SR T LA RT3 PR Aoy,
rqotifipdRS, arranixtusestieacr ¢t 9 soneepondentiy enti takenillyfdrocarby! group,
luhricating viscosity js a carrier fluid for the dispersant and/or r .

oA e S B A TORA B e B16 ARbelb 6 SR number
miaegiadgofi®or Mistabestti3esrd inSiydhetiarilsdgelfdena hyghrocatimn 6ilvih the
silicon-based oil, a liquid ester of phosphorus-containin id. Synthetic .

B CHEGUE e g e R i e TR
hysledlistol en éoissubgtisatien Tawb il Ayt anb @asbok yiaxesctant Sith @6 the com-
lubricating. viscosit al e defined as specified in the America

o BHTER Y IS N e RO 8 AL S deest e
emzirdoareyt theul o | theicedimgtidScosity derdpriges frorARloGtauenk.Il, In one
M1V, \ i th f, ' th bodi t APl G L, 1

e e SRSt SR R R el poryoltenes
caintpimeel Gyepolymerizattmhtafnabpetytenednabadrbtsree dihe béwes acid catalyst

perf rmance additives incl edgr etal gﬁ@ctiv tors, detergents, dispersants,

SUC! mjpum trychlorl ron rae. . . e e
VISCOSﬂ:)S/ mocfl?lers, ]!I’IClIOI'] modirtiers, 8|spersant viscosity modifiers,

extreme Qoagxunedsgadttheaptovesses famisalang dkesatsnpourmsa@ne disclosed in
inhikitors, foam inhjhjtors de ifiers,. peu At d S, )
B e e S L i R
inBiBhA8ANnd mixtures thereof. The total combined amount of the

additiong), peHarmanes A3 the reaction of (i) with (ii), optionally in the pres-

ence of an acidic catalyst such as organic sulfonic acids, heteropolyacids, and

minera acids, can be carried out in the presence of at least one aldehyde or ketone.
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
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
9
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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 compaositions can be in a concentrate
forming 20 amount. If the present invention may be in the form of a
coaggattaieaivalebrivkesat 9o inesLiwithodsitianalpptdactorms esyMeiible to
or in part, a finished lubricant and/or liquid fuel), the ratio of the additi ? of .
TR o TR SRR oWRPERM AR Y LE QREL e 17t with
|uitieatitne ity enedorate setiuadréar il URthothis drithgderg & efoRe; 26 vice
to 10:90 bg weigh&. 25 Aﬁ\tioxidants igclud molybdenum

RIS

diYfTSRarbEMRRROSRIAH R SLACERSRR ORI RS e RIS Qi R Al prkesed in
desesgestNocBisEogagiral or overbased, Newtonian or non-Newtonian,

basic salts, of alkali, alkaline earth and transition metals with ane or more
o o TS O Rk e B A B i) LG A0St can be
phosmhanistaeidsllovang- aafefancd- BSthipghospborE;aAcAds 3sai@3Nies; and
a icylates, salixarates. Dispersants jnclude N-substituted long
c#agrg%hi%]m ﬂﬁiﬁﬁ@%@&%ﬂ%@%@g e'ff{t%%{(é% version thereof,
pCRirteatad Hispasanisoiginde thasetwteaction with urea, thiourea,
dimercaptothiadiazoles, car disulphide, aldehydes, ketones, carboxylic .
it e B RS b e P AN PR CoMARS AR having
barooxgg@poumiisogaa goasehpabieasintpadents ngntiite tiegentsimglagknt and
c?m ourhds such as metal thiophosphates, 5 especially zinc

it £}S$%

i %’bﬂ%&%ﬁ?@éy&% ERcid esters or salt thereof;
phosphites paseptishinents-tentaimpoucar haxitig eatessygthears nitndgen atom

amides. Antiscuffing agents,ingluding organic sulphides and . .
oA e SR B, B SRt AT T g tertany
didmityldt grasp gdnde idipredeated byt pofysidphidef airtatedbutylsulphide,
sulphurised Diels-Alder 10 adducts or alkyl sulphenyl N'N-dialkyl
dithiocarbamates. Extreme Pressure (EP) agents including chlorinated
wax, orgapjc sulphides apg polysulphides, such as benzyldisulphide,
bis-(chlorobenzyl) disulphide, dibutyl tetrasulphide, sulphurised methyl
ester of oleicheidX sulPhurised alkylphenol, sulphurised dipentene,
sulphurisegsterpene, antksulphurised Diels-Alder adducts; 15
phosphosulphurised hydrocarbons, metal thiocaripgimates , such as zinc
dioctyldithiocarbamate and barium heptylphenol diacid. Friction
modifiers include fatty amines, esters such as borated glycerol esters,

pavtieleatars b gl eobyrdupsgiyaidiogaboad b atealiatiy 4 bagmpintetoms; R2,
f aci ides, fatty epoxides, borated fatty epoxides, alkoxylated fatty
Zaéiérﬂﬂngﬁnba&aﬁggarg%%gﬁg%%gﬁy amines, metal salts of fatty acids,

fatty imidazolines, condensation products of carboxylic acids and
polyalkylenepolyamines, 3amine salts of alkylphosphoric acids. Viscosity
modifiers include hydrp&enated copolymers of styrene-butadiene,
ethylene-pigpylgne-pplymers, polyi sobutenes , hydrogenated
styrene-isoprene polymﬁns, hydrogenated 25 isoprene polymers,
polymethacrylate acid esters, polyacrylate acid e€¥ét8) polyalkyl styrenes,

alkenyl aryl conjugated diene copolymers, polyolefins,
polyalkylmethacrylates and esters of maleic anhydride-styrene

coymyeness. iDigpbikybene/ suitgontailifiogs Jomenlréferiaita!l sabonigtoms; R3
in&%quf%[ﬂéﬁ"ig?'ﬁ‘gé% be@%@s, for example, ethylene-propylene
copolymers that 30 hz?ve peen functionalized with the reaction product of
maleic abKaalesantl Hieaniinegen pely etaargareaincoomtisedsveapapie of
aiGeR iy A TheISls PRNILAEFopRIYTae: PRGIRY HHBrAG "dfo group
Corrosion inhibitors include octylamine octanoate, condensation products

of dodecenyl succinic acid or anhydride gnd a fatty acid such as oleic acid
with a polyamine. Metal deactivators include derivatives of benzotriazoles,
1,2,4-triazoles, benzimidazoles, 2-alkyldithiobenzimidazoles or 5
2-alkyldithiobenzothiazoles. Foam inhibitors include copolymers of ethyl

acrylate and 2-ethylhexylacrylate and optionally vinyl acetate. Demulsifiers
inchiide nolvvethvlene alvveole nolvvethvliene ovidece nolvnronviene ovidec
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20 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. 25As used herein, the term "hydrocarbyl
substituent” or "hydrocarbyl group" is used in its ordinary sense, which is
wednknenritoshoafeskitednitteietart drpegificanindpieleyfkatai AeY MUN-dimethy -
having a cartion atom directly attached to the remainder of the molecule
H%{F?H%D% 8HGnantly AV SHYR ARLIRKBPYEABles of N.N-dimethyl-
?mﬁﬁmwlk | IGlﬁﬁllkln@S i{éthf@hf&@ﬁm,bor;lgﬁﬁmelm??ﬁﬁ I|$e 381@_3’95}@@9' lene
e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents,.
T S P ey S i e L
asepeireieyoliesubiRithig sivmibaiRie, tafpribgyietanaidias disougbnetriamine,
another portion of the molecule (e.g., two substituents together ior a .
il BRI SHRAR BRocarFPet DASHRHEARANE, sulR Y SSRUGkArgIne
noxzycketisaperedpniprwhictana the pisfiexdaphéthgliewentiontidiantioe,  the

alter the predominantl drocarbon nature of the substituent (e.g., halo
(PRSNG0S PHYAI S, S Wi daser- e Airdgen or
algylrgercemicai nitig, cutrpsuineis ccapiioieydf esrderssibgtitientiethsyisting agent
substituents which, while having a predominantly hydrocarbon character,
ol NS VR i R e T
otdrstire eebhyresey of cadhapoataivsutieter ta@asinoprdpydlilfoicazol e and 4-
oxygen, nitrogen, and encompas bstituent .10 pyridyl, furyl, thienyl
o TR BRREIR mote A Ty R R ore s -
onesthylitipydpgdantioe, SBii3s titnigabid(Ny &l piieaetityiprep@ianiameLarBoother type
atoms.in the hydrocarbyl group; typically, there will be no : .
oG Ty A b PR T S, s 3 s pawit the
sengairiyeayeieraid deadnged aleoverynayrimeragoup lihchelénalkanolamines
farmulation, so that the components of the final formulation may pe .
e e A i R T SRS
e gy mettgteng@opropanoigrate to MtNedetiditaon aoppopasdks of other N,N-
malecules. . The products for reby, ipcludi e products formed
up(?(')% Jmaﬁpég%ggﬁﬁ%oybmposﬁﬁ’@f rﬁ%?léfég%wem eﬁ:%ﬁnﬁ its intended VTN
use sthagrony imetbysapiitde 20 of easy description. Nevertheless, all
S hapodifications Fnd reaction products are included within the scope of
uaternizin n . : "
thﬁprewr%ﬁﬁv%un; the present invention encompasses the composition
prepared bg admpasiti tms obtieopresesndiescitbesh adoova NRTEQUAMPILESg agent
The invention will be. further.illustrated.by the follow; le j
o e R ST S B o S TR R were
are phwvidedtéonizisgyatgeht eseactieyrton, theygeremaoimtstided 0d dialkyl

o o L ST S IR oL SRRy Sipoina

ateohigiliglaedadid Dabhesturasth2reof. The detergents that are used in this
inlude: : iiabl _ : _ ——

o dimett e oL et V0 B sl FX e NI s

agallaiied 690akyp slylipbbtes/ snehs asdiiineldiyl ofubiwieh\Heitepes)tahvsehates;

e A BRamARZ e A e BRI e ol e A

PrefsiestorynExatesle eaibgnaiearedoficarbanatieslirecbf aneaiiesic ath{ddide C1-12

D RS A ST S to 110G uncer &

nitrogen 10 atmosphere. Dimethylaminopropylamine (DMAPA, 2314
grams) is added slowly over 45 minutes maintaining batch temperature
below 115C. The reaction temperature is increased to 150C and held for a
further 3 hours. The resulting compoungjis a DMAPA succinimide.
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Example 1 15Reaction 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 (-80C) for 5 hours under a nitrogen
atmosphere. The reaction is purified by distillation (30C, -Ibar) and gave a
water white distillate. The resulting compound is a styrene oxide
quaternary ammonium salt. 20Example 2 Reaction product of

Prepaﬁaﬁwsfif]e(@mbtﬁjmkaﬁ thé qrmf@md it8 rﬂ?@mw&faﬁuﬁéi@%rw&pﬁom dialkyl
Dimethylsu te (25.35q) is charged to the reaction pot and stirrin
SRR S S S B SR Bt Sikhy R propane and
L%me@&medmw@@b Frymcseda@wr(cb% mar}]m}ayms}hattée@@rwnaxb@urs
efore 25 cool ac ecanting. The res t| C oundis a
dlmethyly? Eyi %’ n?ﬂ% |u9{%léﬂs ?éyg ocﬁ%’é(&tléHbSt'tUted
Dﬁwlbctaafeerﬂmr@wwlﬁxamﬂsm 11&8505 grlamgblﬁmatetsvwmtﬁﬂ;mcrt@ per
90C under a nitro tmospher z oride (11 rams) Is .
o AP, T e ST e Bt RSL St L b AR cBals two
hﬁ&ﬁf@t&bﬂU@*@an Ineake daiting sam@@ur@lﬂﬁeaehenzakahipr&eof suitable

rnary ammoni alt. Exam The ctlo uct of
o R e B e R S e oot
methandin(2s8tbeanesbsdinssge dHe qm@ssmeug@aﬁit Tdee Ves=elhiy dhecarby |
pressu tested for le dW|th n twice. 5. The vessel is

R sty oo Lot T WG TR (AR e Rr S o acid:

( 210rpm). The batch is held on temperature for one hour before being
heated to 140C and held on temgerature for 24 hours. On cooling back to
ambient temperature re fRyreleased before decanting
product. The reaction was p distillation (100C, -0.5bar) to remove
free dimethyl 10carbon . The resulting compound is a
dimethyl carbonate quaternhary ammoniurh salt. Note; ;’Tﬁ)r Comparative
Examples 1 and 2 the active chemical is accompanled rt diluent oil
in a ratio of active chemical to diluent oil of 85:15 by weight. 15Note: For

FIRPIERE B rea 0l R ot SOrB By iR eble s Fdb i Bearoy
mgﬂw@EC F-23-01 Injector Deposit Test Detergent Dose Rate Active
(ppm)

Examples of hydrocarbyl epoxides can include, styrene oxide, ethylene
oxide, propylene oxide, butylene oxide, stilbene oxide and C2-50 epoxide.
Oil of Lubricating Viscosity

The composition of the present invention can contain an oil of
lubricating viscosity. The oil of lubricating viscosity includes natural or
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.

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.

12
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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

Oils of lubricating viscosity may also be defined as specified in the
American Petroleum Institute (API) Base Oil Interchangeability Guidelines. In
one embodiment the oil of lubricating viscosity comprises an APl Group I, II,
11, 1V, V or mixtures thereof, and in another embodiment API Group I, 11, Il
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,
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
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
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 isin the range of 80:20 to 10:90 by weight.

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-
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
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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 Detergent
Dose Rate Active (ppm) Percent Remaining Flow (%) Comparative Ex. 2
51 79 Comparative Ex. 2 51 63 Example 2 50 100

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, dibutyl tetrasul phide,
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 modifiers 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
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Example 2 50 98 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

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 aliquid 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., akyl or akenyl), 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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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 5injector compared to
formulations using an unadditized fuel and/or

through another portion of the molecule (e.g., two substituents together form a
ring); substituted hydrocarbon substituents, that is, substituents containing non-
hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent (e.g., halo (especially
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
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 hydrocarby! group.

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

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
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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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 Ippm 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). Afigidiertjeiied YREmarerBaionl e teBoiRel ifley = iBop{EcROVEE | abl e
curve |terat|on Bder the conditions Se(?% rthl able3 After completion
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iteration. The power at this 9th stage during the final 5 power curve
iteranoh REWB EErve iteration) is compared to the power at the 9th
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Example 1
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.
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
cooling back and decanting. The resulting compound is a dimethylsulphate
guaternary 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
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.

17



10

15

20

1250 10351500 10451750 10552000+ 1065 2250 10 7 52500
10853000 1095

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.
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
carbonate and methanol. The resulting compound is a dimethyl carbonate
guaternary ammonium salt.

Note: For Comparative Examples 1 and 2 the active chemical is
accompanied by inert diluent oil in aratio of active chemical to diluent oil of
85:15 by weight.

Note: For Examples 1-4 the active chemical is accompanied by inert

diluent oil in aratio 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 1 175 46.4

Example 2 17.5 31.0

Example 2 175 24

Example 3 175 33.7

Example 4 15 27.1

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

Table 2. Resultsin the CEC F-23-01 Injector Deposit Test
18
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3300 101053500 101154000 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 the stage
times (i.e. total duration of the schedule is (11*5 minute stages) +(10*27
second ramps) + (1* 30 second ramp) giving a total cycle time of 60
minutes). Table 4. Stabilization Run Stage Time (hrs) Speed (rev/min)

- oRdl dfyemy) Dose Rate Active (ppm) | Percent Remaining Flow
(%)
Comparative Ex. 2 51 79
Comparative Ex. 2 51 63
Example 2 50 100
Example 2 50 98
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
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 1ppm of zinc plus the respective detergent is inserted into a
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 initial 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
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123000 10150222020 1095313500 1080 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

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 lteration

Time Speed
(min) (rev/min)
5 1000 £ 10

1250 + 10
1500 + 10
1750 + 10
2000 + 10
2250 + 10
2500 + 10
3000 + 10
3300 + 10
3500 + 10
11 5 4000 * 10

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

©
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o

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

20



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

the stage times (i.e. total duration of the schedule is (11*5 minute stages) +(10*27

second ramps) + (1* 30 second ramp) giving atotal cycle time of 60 minutes).

Table 4. Stabilization Run

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

10The 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). 15This Application is a Divisional Patent Application
fraohuicd Singantsean Masemesdnplicatiepadivyi2ldPdHdemhts of matericfreac-

the documents referred to above is incorporated herein by reference, .
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othetwrigadns gagrddeagiaenemiaii oh corpasitici iefee eddmérereby-products,
should be interpreted as beipg 5 a commerci%I rade material whic
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wprebeatei nothealtymnclgrispogrieibe preseaien theecamouercial graste.chemical
However, the amount of each chemical component is presented exclysive
o BT SBR Rt G GRLYFr 0 SHISE 5 LGB i GHGCh ey be
coomuenaidl yneressat, imteescothateyidel imdicatet. linlésisdthbeviselridioadd. It
that the upper and lower amount, range, and ratio limits set forth herein .
3y B R AR et TR HERe P ol St LR B AT it set
edotteldrren ahte by dntdepaaiedeyusethingether Bithirahgese ranges and
amounts for any of the other elements. As used herein, the ression
R e B AR b BT BRI ot ARG R AR a8 Paoes or
mateialty idradfecoftbdatierasdmena cAsrasdd rmiemoptiibecoregsisitivconsi st-
under consider- atipn. What we claim:.1A fyel compositi omprisin .
B AR e Ree S i S A st dgriany
whiitdctahepbasis thedremeish rchaoatietisticS of the re@nposithba under consider-
h%grocarbyl-substituted acylating agent and a compound having an
oxy'g0 " or nitrogen atom capable of condensing with said acylating agent
and further having a tertiary amino group; and b.quaternizing agent
suitable for converting the tertiary amino  group to a quaternary nitrogen

wherein the quaternizing agent is selected from 10the group consisting of
dialkyl sulfates, hydrocarbyl substituted carbonates;
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hydrocarbyl epoxides in combination with an acid or mixtures thereof. 2.A
lubricating composition comprising an oil of lubricating viscosity and a
guaternary ammonium salt which comprises the reaction product of: 15 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 wuatesangragent suitable for converting the tertiary amino group to a
guaternary nitrogen wherein the quaternizing agent is selected from 20the
group consisting of dialkyl sulfates, hydrocarbyl substituted carbonates;

hydrocayip@dagéniepianminmriyith fuelasibi o MIXIHIeS BiewsTi estpera-
wherein the oil of lubricating viscosity is.an APl Group I, II, IlI, IV, V oil or
N A A58 PR DSl oY CIaRoPE SR S3GHERLATGFt of:
hydrocagpyl- sulpelivetesti agyitiachadaivashpobisehtiidenacsanigcagent and a
anhydride. 4. The composition of any one of claims 1 to 3, wherein the . :
CSRIPBEHACL 4T 2 NORYERDIOL B SR B bl o CPREENSINg with sad
cenyasiigagentlaim fLrther Haiithetaorayrianignagy@lpf tericating

viscosity. 6.The composition of any ane of claims 1 to 5, further, . .
comariofiy conB LA U AEa I HLE o Br COHGTG Wansggjery amino
depotipames gdatengantniotbgethandtwsealed qlaarerhi Zisperemnts sibectedyfrom
modifiers, friction modifiers,. 5 dispersant viscqgsity modifiers, .extreme .
o B S, AR S, 8, N S T v AR R AL gt
iniyhitocsr oldneptsifiess i peomimirdtidepna ssantacikbel suiellingsagerasy, wax
control polymers, scale inhibitors, gas-hydrate inhibitors and mixtures

thereof. 107.The composition of claim 6, wherein the component is an
overbaseéd|ubricating composition comprising an oil of lubricating viscosity and

a quaternary ammonium 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. gquaternizing agent suitable for converting the tertiary amino
group to a quaternary nitrogen wherein the quaternizing agent is selected from
the group consisting of dialkyl sulfates, hydrocarbyl substituted carbonates;
hydrocarbyl epoxidesin combination with an acid or mixtures thereof; and

wherein the oil of lubricating viscosity is an APl Group I, 11, III, IV, V

oil or mixtures thereof.

3. The composition of claim 1 or clam 2, wherein the hydrocarbyl-
substituted acylating agent is polyisobutylene succinic anhydride.

4, The composition of any one of claims 1 to 3, wherein the compound of

(a) is a N-methyl-1,3-diaminopropane.

5. The composition of claim 1, 3 or 4, further comprising an oil of lubricat-

ing viscosity.
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metal containing detergent, zinc dialkyldithiophosphates or mixtures
thereof. 8.A method of fueling an internal combustion engine comprising:
A. supplying to said engine: 15i. 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 ter- 20tiary amino group; and (b) a
quatern|2| ent sujtable for converting the tertiary_amino group.to a
7% ibens g e

qaterna ition of, Ay GR&IOL riZfhgdyE {shggampo-
thﬁer Qlehectusfating thbdipdayg %dﬁgtﬁﬂw@yﬂrmd))d@wm detergents other

bon tes; é/girocarbyl epOX|des in 25combination wi cid.o
f dispersants, viscosity modifi ers r|ct| on modifiers,

dlspersant 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.

7. The composition of claim 6, wherein the component is an overbased

metal containing detergent, zinc dialkyldithiophosphates or mixtures thereof.

8. A method of fueling an internal combustion engine comprising:
A. supplying to said engine:
i. afuel whichisliquid at room temperature; and
ii. quaternary ammonium salt comprising the reaction product of:
(@) 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 ter-
tiary amino group; and
(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
dialkyl sulfates, hydrocarbyl substituted carbonates; hydrocarbyl epoxides in

combination with an acid or mixtures thereof.
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