FUEL LUBRICI TY ADDI TI VES DESCRI PTI ON OF THE | NVENTI ON
Field of the Invention [001] The present disclosure
relates to a fuel lubricity additive conprising an

i m dazoline. The fuel lubricity additive may be usef ul
for inproving the lubricity of fuels and reducing
wear in internal conbustion engi nes. Background of the
Invention [002] In order to reduce pollution and
conserve energy, autonobiles are constantly bei ng
engi neered to gi VERBURRICITEAANDHEES| eage. Thi s
effort is a result, at least in part, of governnental
regul ati on enacted to conpel auto nanufacturers to

achi eve prescribed gasoline nmleage. In an effort to

achi eve the r&ﬁﬁﬁ&ﬂﬂ&@ﬁé{m&ﬂlﬂf cars are
_bei ng down-si zed. However, there are |imts in this
H%ﬁ%ﬁi@ﬂé@ﬁnd which the cars will not accommpdate a

typical famly. Another way to inprove fuel mnleage

I s [001] edUwepresghindistBalreatiatd PiatAlleflubcityadditivedcomprising
engine friction. The present disclosure relates to

an frHi%sz)IH*ér "F’dé ﬂleﬁ%h&w’ﬁédlﬁ\% ma¥deAUdehf IO ARG 'the lubricity
fuel s, as well as met’hods for feducing engine wea

of ¢Qe?slnd'ﬁedhé:8§§}s§w£ ifl PtdfRs &edﬁ&?&i%'n'éh%u %“ Vag'sves in

uels to no ngl ne or nance
det er gent s, anti-corr03|ve agents, and to mnimze

BadiiSbund/ 8RARE] Ht%ﬂ U. S. Patent No. 3, 036,902
i m dazoline derivatives as being

useful for reducing the incidence of carburetor icing.
Thd088k i Vaorderdo seduceceatibviting @ndiconserive snreme Butangkilemare
a dei-cing conposition. There is no disclosure of,
coristardly telingengineeredito giveddiprovakgasblite SileBgeedthidNeffort is a
6, 562, 086 di scl oses a diesel fuel and spark ignition
result, at least in part, of governmental regulation enacted to compel auto
manufacturers to achieve prescribed gasoline mileage. In an effort to achieve the
required mileage, a number of cars are being down-sized. However, there are
limits in this approach beyond which the cars will not accommodate a typical
family. Another way to improve fuel mileage is to reduce engine wear attributable in
part to engine friction. The present disclosure relates to fuel lubricity additives for
gasoline and diesel fuels, as well as methods for reducing engine wear.

[003] It is known to use imidazoline derivatives in fuels to maodify engine
performance, e.g., as detergents, anti-corrosive agents, and to minimize fuel
vaporization. U.S. Patent No. 3,036,902 discloses certain imidazoline derivatives
as being useful for reducing the incidence of carburetor icing. The derivatives are

combined with an alkanol to form a deicing composition. There is no disclosure of,

inter alia, lubricity additives.



fuel lubricity aid containing an al kanol am de of a
fatty acid, an al kanolam de of a nodified fatty acid
or a mxture thereof. The preparation of al kanol am des
as lubricity additives is known. Such al kanol am des,
however, may not be as effective in reducing engine
wear as the fuel lubricity additives of the present
di scl osure. SUMVARY OF THE | NVENTI ON [004] In
accor dandé SaiPatent iNo. 5 235086 dissloises ardiesdl fieel @endsspark ignition
provided a fuel lubricity additive conprising an

fuel lubdeihobidreentdining anf aikarekamiglef afranfstis:acidRahZKdrio)amidd of a
-N\ RC(R)z-C(R)z-A wherein R may be chosen from

mogiifiedrfatedcid vd auns@irdtaéredf. The pdparaici & dlkanolamides as
branched, and cyclic hydrocarbyl groups, which nay be

lUbHE é’@dt!l\?éétlﬂin%n %ﬂ%ﬁ%lﬁ%ﬂe& hhéleleasi %? b8 s effective

hydroxyl, nitro, am no ano groups;
I
in rbfr]ngﬁ O& %ﬂg@% gyeé}%stﬁg th&(%th?B%th ﬁﬂ’ﬁ% Ié?’ t a@%&enféﬁ&élgsr;tfre.
aromati c, branched and cycl iC hydrocar byl groups; A
may be chosen fg@ ps; and Y may
be i ndependent | and sat ur at ed

ydPUEERy P%é%?%ﬂ%é di OJB% %Fe%éﬁﬁd%fm&ﬂ?e h%p%ﬁ”ﬁovnded a fue

unsubstituted or substl ut ed ne of
lumﬁ?%ﬁif{}f",e ANRIGING A Hg'da 59'8"90&5%8 f@'&’dﬂ &am no"
herein is neant any nono-, di-, tri- and poI yam nes,

and m xtures thereof. 2 [005] Accordi ng to anot her
aspect of the present @lsclosure, there is

(R}
N

}\~N\

R C(R)—C(R)—A

wherein R may be chosen from saturated and unsaturated, linear, aromatic,
branched, and cyclic hydrocarbyl groups, which may be unsubstituted or
substituted with at least one of hydroxyl, nitro, amino, and cyano groups; R’ may be
independently chosen from hydrogen, hydroxyl, nitro, amino, cyano, and saturated
and unsaturated, Iinea_r, aromatic, branched and cyclic hydrocarbyl groups; A may
be chosen from SH, OH, and NY2 groups; and Y may be indepéndently chosen
from hydrogen and saturated and unsaturated_, linear, .aromatic, branched and
cyclic hydrocarbyl groups, each of which may be unsubstituted or substituted with
at least one of hydroxyl, nitro, amino, and cyano groups. By “amino” herein is

meant any mono-, di-, tri- and polyamines, and mixtures thereof.



provided a fuel lubricity additive conprising an
i m dazol i ne, wherein said i mdazoline nmay be prepared
by a process conprising reacting a conpound of
formula (1): 0 11 R-c-OH (1) with a conpound of
formula (11): RNCR )2 C(R)2 A CR)z \N \ )2
(I'')y HCR)z toyield an imdazoline of fornula
(III) (R) R)z N((IIl) \ R) CR)2-C(R)2-A
l0@6h R\mefgibg e hoelber aspant ohthe presentalisclosure, there is
unsaturat ed, linear, aromatic, branched, and cyclic
prdvmnm:hlebwbrigitpaqhﬁtiva\bd)mbrisiag abdmidzzolisd, i whdreth said
substituted with at | east one of hydroxyl, nitro,
imidazdlioe mayﬂb@ﬁeegsar@m By RSroBesg@mMPrEsing r&&ﬂﬁg dedtimhpound of
chosen from rogen, hydroxyl, nitro, am no, cyano,
formQf @aturated and unsaturated, |inear, aromatic,
branched and cyclic hydrocar byI groups; A may be
chosen from SH, OH and NY2 groupsgy and Y may be
i ndependently chosen from hydroggn and saturated and

unsaturated, |linear, aromati CR__lC_)_I‘_ p_g_r]ed and 3 )

with a compound of formula (I1):
HoN C(R) C(R),

\C(R.) \ 7N T

C(RY);

to yield an imidazoline of formula ({l):

(R),

R)z
N ()

A\
N
R)- \C(R')z_C(R')z—'A
wherein R may be chosen from saturated and unsaturated, linear, aromatic,
branched, and'cyclic hydrocarbyl groups, which may be unsubstituted or
-éub'stituted with at least one of hydroxyl, nitro, amino, and cyano groups; R’ may be
independently chosen from hydrogen, hydroxyl, nitro, amino, cyano, and saturated
and unsaturated, linear, aromatic, branched and cyclic hydrocarbyl groups; A may
“be chosen from SH, OH and NY: groups; and Y may be independently chosen

~ from hydrogen and saturated and unsaturated, linear, aromatic, branched and



cyclic hydrocarbyl groups, each of which may be
unsubstituted or substituted with at |east one of
hydroxyl, nitro, am no, and cyano groups. [006] It is
to be understood that both the foregoing and foll ow ng
description are exenplary and explanatory only and are
not restrictive of the invention, as clained. [007]
The tables herein illustrate aspects of the invention
cydigdygmgering grougiss gaehmef whisbrmay be bpsuhatitded or expstisitad with
the principles of the invention. DESCRI PTION OF THE
at |Iensapa\VENySrg:q0 giitrd,rameinesand oydndogroaps.y additives for
bot h gasoline and di esel fuel has been increasing.
Thi [90BRs Ibieeo bdrundeinstbyd tiee boththedgrdgoRiPatds falbwiHigesel
fuel lubricity (ASTM maxi mum 520 pm wear scar

deéﬁr%ﬂ@ﬁ afe é)‘éérﬁﬁlalﬁ Sihd Ef(ﬁgh'%ﬁyonlﬁ Rt Rir© ¢8t tAgidEVE of the

HFRR)) and the ‘desire for gdasoline additives that

,nvé,rm{rp\ég cifir%'ed econony. The im dazoline conpounds
escrlbe herein may be effective in reducing

PP RS v O B o

I | lub t
W“%ﬂtﬂ Jesseblcn,septe [ eHE0 e Bindi5ies R URSNVEROR, genor o
fornmul a: (R’)z(R’)Z Rc(R)2-c(R)2-A(I1Il) 4
) d

wherein R may. be : fro
unsat ur at ed, o W'Qﬁ g_aé TSind cyclic

Y9508 el Rl ﬂ%p@éfp A B s

cyano groups; R' may be independently
been increasing. This has beén driven by the new reguirements on diesel fuel

lubricity (ASTM maximum 520 pym wear scar diameter using High Frequency
Reciprocating Rig (HFRRY)) and the desire for gasoline additives that improve fuel
economy. The imidazoline compounds described herein may be effective in
reducing friction and wear resulting from the combustion of fuels, including
gasoline, diesel, and biodiesel fuels.

[009] The imidazolines useful as fuel lubricity additives may be
- represented by the following general formula:

(R

}\‘N\

R _ C(R‘)ZMC(RI)Z_A _ (m)



chosen from hydrogen, hydroxyl, nitro, am no, cyano,
and saturated and wunsaturated, |inear, aromatic,
branched and cyclic hydrocarbyl groups; A nay be
chosen from SH, OH and NY2 groups; and Y may be
i ndependently chosen from hydrogen and saturated and
unsaturated, |inear, aromatic, branched and cyclic
hydr ocar byl groups, each or which may be unsubstituted
whereirsiissay beichasen fromataturbteslsancowss atdiratad fioggr, aramatic,
am no, and cyano groups. [010] The i m dazolines of

brahohiad)laad (cytliq hydrgcdrbylalrbaps) echitly naydsd funideasulsdiititat) dth at
organic acid with a polyani ne, such as a diamne or a

leaét' dna B drSEE Mitks, aniib Cahd'®ankeyrsups R triheBe MdéFﬁﬁﬁéﬁry
e

groups such as, for exanple, hydroxyl groups.
hos8A%IP Ry dFBYch, TRE 6/, trio, Sdrhifb NEJdrdN aRl shiPaiR! Ul es
¢ g? wat erydgg %e’gﬁﬂt?@ @ﬁ?? aﬁg t'he é%ﬂng. The reaction
- e £.alil 0w 100, -
unZBtatR R aRRAE. Banbfiba bRUSHI b Aoyl may be
are.useful A r ring the  igndazol.ines include those
choBRf 135 ot QL RB7 crithat g Vren o2 ipiesnidenuy Efoselr fm
an i mdazoline, sych as those represented by the .
hydregansiicheatpesied, pRd gngatugate -'|“33@$f?'ﬁ’)at'0w\tﬂéﬂ%*i'€h’-} 20¢ gyclic
chosen from saturated and unsaturated, |inear, )
hydgeaary! igkounss gaethetiwhichinay be unsubstilviedar sybstifptedpith at
each of which is unsubstituted or substituted with at
lea®¥ one of hydroxyl, nitro, amino, and cyano groups.

[010] The imidazolines of formula (I1I} may be obtained by reacting a
suitable organic acid with a polyamine, such as a diamine or a triamine, each of
which may be substituted with other groups such as, for example, hydroxyl groups.
The reaction may involve the elimination of two molecules of water between the
acid and the amine. -The reaction may be represented by the following equation:

R—<o + ."'ZN\/\NH/\/A — 3\9 + 2H0

OH

[011]  Acids which are useful in preparing the imidazolines include those
that are capable of reacting with a polyamine to form an imidazoline, such as those

represented by the following formula (1):

o]
R—C—OH n
wherein R is chosen from saturated and unsaturated, linear, aromatic, branched,

and cyclic hydrocarbyl groups, each of which is unsubstituted or substituted with at



| east one of hydroxyl, nitro, am no, and cyano groups.
Suitable acids for the purposes of the present
di scl osure include optionally substituted
nono- car boxylic acids having up to about 25 carbon
atons. Non-limting exanples include unsaturated
organi ¢ acids such as 9, 10-decyl enic acid, octenoic
acid, oleic acid, linoleic acid and the |ike. O her
leastipp@ of Bydioxylsnitracaniing, apd syane gentips, Suilablecznidsfondial,
and tall oil fatty acid, (such as commercial m xtures
pugfosps eflthe presehiydisdleswe imudlidd optinelly salbstitisted shaEar-carboxylic
and ot hers known to those skilled in the art) and
acidaphatimgnircto #iutl 25 [cadsdn duirisaNeh-Reltngexaaplddiativde
those that forman i mdazoline upon reaction with an

un4tarHted offHrit ades 8iicH A9 910-d&NidHidadd P@&%ﬁoi@facfd%leic acgd,

present disclosure, the polyam nes nay be represente
Iincﬁ%ictd?:?d %ﬁ’cﬁ Ry dlf‘ke( '(gl)n'er F@Mb Kiks gr%lﬁ%iggéeic)e?cid\,l isbtdRlacid,
may be | ndependent [y chosen from hydrogen,
| 1 No, ¢cyano,. and atyrated, and .
and XA A g oo g R 2P, ef Bty efeic and
. drocarbyl . grqups; A may chosen from SH, OH and NY2 .
inglHE LS. Searic Yre Pl ARBR 4R dura J1HB Iahart i naphihenic
hydrogen and saturated and unsaturated, |inear,
acidy omati c, branched and cyclic hydrocarbyl groups,
each of which nay be unsubstituted or substituted
wi tiR12l | Saiablemelyamingsiinciugie those that faam aimidazblimgampon
groups. Non-limting exanples of polyam nes suitable

reaction with gouorgasiesacif. Admrging te oeridinsshesisraf theplegeat
hydr oxyet hyl et hyl ene di am ne, ethyl ene di am ne,

diselobives thybolphrmies nadl) Be reprels&ritby beMee fdrindiE 08:
hydr oxyet hy?é di et Wene tai am ne, ?and t he IPEe. 6

HZN\ /C(R')z C(R"); A
C(R), \H/ \G(R'{ {h

R’ may be independently chosen from hydrogen, hydroxyl, nitro, amino, cyano, and
saturated and unsaturated, linear, aromatic, branched and cyclic hydrocarbyl
groups; A may chosen from SH, OH and NY; groups; and Y may be independently
chosen from hydrogen and saturated and unsaturated, linear, aromatic, branched
and cyclic hydrocarbyl groups, each of which may be unsubstituted or substituted
with at least one of hydroxyl, nitro, amino, and cyano groups.. Non-limiting
examples of polyamines suitable for the purposes of the present disclosure include

hydroxyethyl ethylene diamine, ethylene diamine, aminoethyl ethanolamine,

| diethylene triamine, hydroxyethyl diethylene triamine, and the like.



[013] The fuel lubricity additives disclosed herein
conprise at | east one 1imdazoline conpound and
optionally at |east one solvent or co-solvent for the
pur poses of, e.g., facilitating handling and bl endi ng
of the conmpound. Suitable solvents include al cohols
(e.g., nethanol, ethanol, isopropanol),
2- et hy | hexanol , ketones (acetone, nethyl ethyl
kef@hd) , Tégtfwldufencetytadduws digsinsedd)ereiarngmyriserad least one
(e.g., methyl tert-butyl ether). Aromatic
imidazdlioe eotnposndrayd abiondlly aidedsiloneaolvent or cessolientder the
Aromatic 100-150. Suitable non-limting exanpl es of
purpdseERif] 6.ghYacimaand AaadlirgPams bidAdibg b 8 corhpbuRi eSuitable
and/ or xyl ene, and hi gher nol ecul ar wei ght aromatic

sohveptypeiude didbkbls (;é‘w??ofr@tﬁ%cil QtRASo aﬁBSl‘bbaH%I tiléthylhexanol

di scl osure, the vent is a comrercial

ketcﬁ{e%'@&]%t]‘bﬁe ﬁ%fhy?%{@r két@@ép egferéf]tbﬂ Hr%@é%%rr@g?) §nd d ethers (e.g.,

generally fro

met“@'itéﬂg%hﬂr%?*ﬂ% g\mfﬁéﬂc B FBirpgfs) %}aéf% il S8, such

dISC|OS S | ates to. fuel c i tions

as AtgitE RISt SwlaE ORI SS arqn??é'qhygrocarbons
Iubr|C|ty additive dlsclosed hereln |n am

. comgrisa Menz&ng.ttalvere f and/er xykenea dwd mghwolgﬁuiﬁbwquhﬁﬁtqrﬁ@tlc
exanpl e, diesel fuel, biodiesel fuel, gasoline

solvents. si ons, di esel enulsions, gasoline-alcohol bl ends,
di esel -al cohol bl ends, gasoline, and m xtures thereof.
Thif4)el Abcdrding thyonecalpieict ef thealjsdiesuns dble ablvent is a
concentration providing the desired anount of

commiitiat blendto? akdrRatiddl€The Mol eatd of 4618 %0 BRIND®. gdnefally from
exanpl e, about 1 to about 5000 pounds per thousand

1:2 te;t&j _quh ®né Rnfodirh8ht, 81872 & 3:11iR aABHRr R [;r#bod e@ t&p%%%ny

The fuel lubricity additive may

use@?g&lg&&ft@ nﬁ‘leersa%osoﬁ"'QH @tpthe refinery or at any
stage ~ of subse

. . uent storage shi pnment (such as
P' Rﬁl5'] -ne%'he .%resenk 'dl\églro\éur(eséﬁso re ate%%n?uel compositions comprising

fuel in a major amount, and the fuel lubricity additive disclosed herein in a minor
amount. Suitable fuels include, by way of non-limiting exampie, diesel fuel,
biodiesel fuel, gasoline emulsions, diesel emulsions, gasoline-alcohol blends,
diese!—alcohol blends, gasoline, and mixtures thereof. The fuel lubricity additive
may be used at a concentration prdviding the desired amount of lubricity to the
fuel. A useful range may be, for example, about 1 to about 5000 pounds per
thousand barrels (ptb), for example 5 to 2000 ptb, or 5 to 500 ptb. The fuel lubricity
additive may be added to the gasoline or diesel fuel at the refinery or at any stage

of subsequent storage, shipment (such as pipeline), or delivery (such as pump



stations). It may be manufactured as an after-market
gasol ine or diesel additive and sold over the counter
in a package to a consuner, who then adds it directly
to a fuel tank. [016] Diesel fuel may include any of
the various m xtures of hydrocarbons which can be
used as diesel fuels and thus include distillate and
residual fuel oils, blends of residual fuel oils with
statiprs)i I\ meybe rgarufaciueed ae ey eftenmarkeligasoling of dickelragiditive
operations and bl ends of straight run and cracked
andlseltlidventhescouBiterdn esgackbgs td angnsbmen vidnothensaddarit directly to
alternative diesel fuel and may be obtained by, for
afeldmmi.e, subjecting oil obtained from ol eagi nous
seeds to various filtration and extraction techniques

@1 B]]W_OVE)EeEQ fuEaR8y ﬁfchﬁedérﬂaéf%hé thbué mlﬁtﬂl%sﬂffthydrocarbons
he fuel conpositions “disclosed herein my

whf&ﬂ'?:raﬂ'ﬂé L?éeﬁl &a&bfé’l Nhels 2 tf'lhé’g‘g;:ludéqc%ﬁ%'t@aﬁd *P@sfl{:hﬁ’éﬁuﬂ oils,

fuel and the fue r|C|ty additive or exanple

bleﬁh@ L)f :%%%;%?%Jei al Wﬂﬁ% s(fﬂgt%r L@% ﬁiilst é%(%%g rg()%}gck?é"gm %racklng

I'spersants, de ergen

o G050 Td Wt T S5°5H L08 5 P o

bi oci des, cetane inprovers, antistatic _additives,
beagy lfiwn 228 altgrative siarehfiehasd eyl PRginady. Sefemample,
denul sifiers, dehazers, anti-icing additives,
subjentingicilcdRained fronveleagimnus seads to wariousiisteation and extraction
additives, additional lubricity additives, and
tecbsuiqbes;ﬁviethknbwprtoﬁm& of@rgliganasidlb in theragi.n can i ncl ude
for exanple and without |limtation nethanol, ethanol,

estfe1], TeielfaslscorssudMitsis disclbsed ﬁy@immagrb@ntmtﬁ bkieaskone
materials. Particularly useful herein 1Is the

adcﬁl%al Ir@?@cﬁleﬁrﬁéma A gl Bt IuHﬁélﬂNéddltlve l;for example, the

cycl opent adi enyl manganese tricarbonyl, at

W% c%(s;rﬁ%f (Egl%::rlgg 2t slbhé | bﬂ&l@ﬂ@rsgﬁfs, bbfefGems,
oxygenates, antioxidants, carrier fluids, metal deactivators, dyes, markers, pour-
point depressants, corrosion inhibitors, biocides, cetane improvers, antistatic
additives, stabilizers, anti-foam agents, drag-reducing agents, demulsifiers,
dehazers, anti-icing additives, anti-knock additives, anti-valve-seat recession
additives, additional lubricity additives, and combustion improvers. Oxygenates
herein can include for example and without limitation methanol, ethanol, esters,
ethers, combustion improvers, and antiknock materials. Particularly useful herein
is the additional antiknock ingredient methyl cyclopentadienyl manganese

tricarbonyl, at for example a level of 20-200 milligrams per liter of fuel.



[018] Several conpounds were nade with different
starting materials wusing the follow ng reaction
schenmes: A: JIO//OH -- R \N+ HO Rte/ + HOH/ OH
OH BB ON R+ HZNN-~-NHH A a \~ + 2 RO OH R wherein
R was a saturated or unsaturated, aromatic, branched
or linear, alkyl group and A was either OH or NH2.
Compounds produced according to reaction schenme A are
Examplest o be additives suitable for nodifying the
lubricity of gasoline and diesel fuel, and were thus

d i pst i ti fuel Lubricit diti X
o BE casedal GrpovsRuee mote wil therontoGiinamiRaa
) Eeri @)I s were tested in the Hi gh Frequency
US'”E@ £ [llordRg rRACHPY SEREIRRS: for their ability to reduce

friction and wear in both gasoline and diesel fuel.
The HFRR apparatus and the procedure used are

described as follows: a steel ball is attached to an
oscillating armassenbly and is mated to a steel disk
specinen in the HFRR sanple cell. The sanple cel
contains 9

(o] OH
Q
N/ HOa o S e )J\/F + MO
\ NH R N
\/\

CH

OH
B:
0
R—/< + HzN\/\NH/\\/A N\/? +  2H,0
OH | /\ \/\A

_wherein R was a saturated or unsaturated, aromatic, branched or linear, alkyl
group and A was either OH or NH,. Compounds produced according to reaction
scheme A are known to be additives suitable for modifying the lubricity of gasoline

~and diesel fuel, and were thus compared against inventive fuel lubricity additives
'produced according to scheme B.

[019] The synthesized materials were tested in the High Frequency
Reciprocating Rig (HFRR) far their ability to reduce friction and wear in both
gasoline and diesel fuel. The HFRR apparatus and the procedure used are
described as follows: a steel ball is attached to an oscillating arm assembly and is

mated to a steel disk specimen in the HFRR sample cell. The sample cell contains



2 mM of the fuel being tested and the sanple is
mai ntained in a bath at a tenperature of 60 C for
di esel but 25 C'for gasoline. A load of 200 grams is
applied to the ball/disk interface by dead wei ghts.
The ball assenbly is oscillated over a 1 mmpath at a
rate of 50 Hertz. These conditions ensure that a fluid
film does not build up between the ball and disk.
2 mirafdne fucheiertesied aperin saopla aaitared v@hhat o75
m nutes), the steel ball assenbly is renoved. War,
tenaprtatuse 06016 foit dibséldiut R50C fohgasalisie, A badsf @69aiais is
‘ nmeasuri ng the nean wear scar dianmeter on the ball,
applesiubtthe dall/diskineefabé by idegd amigistel Thetballtdseemhbikis o‘ébiﬁated
smal l er the wear scar obtained, the greater the

ovérUéJﬂ 'n‘r‘rhtdétﬁ)fat 4 hgefof 8- HéMZ. THese %Bﬁdlﬁbﬁ@bnﬁjreftﬁétcé 198 film
| ow wear scar are evidence of a good

dOéé’l ?t’ tﬁﬁlﬁ'd@ﬂ)&{fvfe@ﬁtth [’)QI‘?QL? GRR! flr %F@?érﬂ%éif pidddfAme (for

pertorman In gaso Ine or a nu trves

exe%f]glgﬂ gpﬁﬁtleg tl’?é)g‘@.e[ Sﬁf s‘%?ntﬁ? Iﬂsel%%?ove%m ebrala%d hence the

'the™ 17den arting acids asi

i.n chene nsi st ent | out erformed t

'Ubes%b AN} L?eﬁseﬁiﬁff‘?%meﬁ‘ Sl e /uBap itse ﬁem%er on the
ne A The i.ction coeffi CI ent val ues given i

ba'ﬁé%‘&%nglfr‘é'ﬁ'cpsﬁllé‘ﬂﬁg &ﬂm@%\“’ﬁ'@ theydisk. The samlief the wear scar

75-minute test. Table | HFRR of Experinental Lubricit:
obtaingd: theegrenier tae bibrigiéy offtheduel. Relawt corfliciamteoffrigtion and a low

Wear Scar Fuel Additive Chem st Schene (PTB)

weaosdfdriace ewidencCen) a g6td fubricating effe@99 485 Gl
| sostearic Acid/ DEA A 50 0.219 365 F G1 Gl Iso-oleic

Aci [020FEA Tathd 1odibarddHhe HFRR performance in gasoline of a number
of additives produced using both reaction schemes. Materials produced from the
identical starting acids using inventive scheme B consistently outperformed the

comparative fuel lubricity additives produced using scheme A. The friction

coefficient values given in Tables 1 and 2 are an average over the entire 75-minute

test.
Table 1
HFRR of Experimental Lubricity Additives in Gasoline
Treat |
Reaction Rate Friction Wear Scar
Fuel Additive Chemistry - Scheme (PTB) Coefficient* {um)
G1 _ - ~ | 0299 485
1 isostearic Acid/DEA - A 50 0.219 365
G1 Iso-oleic Acid/DEA - A 50 0.237 445
G1 Iso-cleic Acid/DEA A 50 0.235 430
G1 Naphthenic Acid/DEA A 50 0.276 515
Gt Iso-oleic Acid/DEA A 100 0.200 342.5
G1 Isostearic Acid/AEEA B 50 0.216 370
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Gl |Iso-oleic Acid/ DEA A 50 0.235 430 Gl Naphthenic
Aci d/ DEA A 50 0.276 515 Gl |Iso-oleic Acid/ DEA A 100
0.200 342.5 |Isostearic Acid/ AEEA B 50 0.216 370 10 Gl
Na ht heni cAci d/ AEEA B 50 0.235 370 C |Isostearic
Aci d/ DETA B 50 0.213 325 & 0.434 780 & l|lsostearic
Aci d/ DEA A 100 0.236 438 @& Isostearic Acid/ AEEA B

100 0.223 325 & Isostearic Acid/ AEEA B 50 0.254 400
Gi cr i Maphthaeie AYIARIRY = F/B whereSF | 4 t he2¢easulr ed370
f51i cr i deosteayiccwidARdAP | s thhe appl B@d [loadd.2i%0- 829
feidi= Century 1164 |so00l-eic Acid from AB#3bna 780
GBen] cakosRaripae/DEA ost eardA ¢ Aci d108 Cant upy@36105 438
___B80s| edaoptearadicd/ABEAM Ar i Zna _Chetfiocal| Cofi@ahy  |Nap325
Aci d| = IdNaphrtchreniAEEACI d f riom Mer r 6ehem Coopsny DEA 400

Di et hanol am ne AEEA = Am noet hyl ethanol am ne DETA =
* Aobteh Iopbfadet £ iFaiee 1G] the ndaadel fittioe br@amo Piigiee b0 load

Sunoco & = Unadditized gasoline from G tgo [021]
Isdolat Scid = @adurd 1.864asdolefi el frold. ASzonarcddichli Coegagasol | nes.
isqs@a@] AcidreCeragyl 108 Idostedraificid fitmdein@asthealkcs dohbnyt he
Napriwig FtNapkthériredcid frdor Metithgm Goagaty ves nay substantial ly
DEApDiethenatdminel ubricity of a fuel as conpared to the

ABEAe] Amihagthyl ethanylamiddi t i ves prepared by scheme A
DETA = Diethylenetriamine

G1 = Unadditized gasoline from Sunoco
(52 = Unadditized gasoline from Citgo

[021] Fuels 1 and 2 are typical U.S. unadditized gasolines.

[022] The results in Table 1 demonstrate that the inventive fuel lubricity
additives may substantially improve the lubricity of a fuel as compared to the fuel
lubricity additives prepared by scheme A.

[023] The HFRR test was again conducted using an ultra low sulfur diesel
fuel obtained from a U.S. refinery instead of gasoline. Table 2 shows that the

superior performance from scheme B fuel lubricity additives extends to diesel fuel.

[024] Table 2
HFRR of Experimental Lubricity Additives in Diese! Fuel
Reaction {Treat Rate| Friction Wear
Fuel Additive Chemistry Scheme | (ppm) |Coefficient* |Scar (um)
ULSD1 | Base Fusl - No Additive - - 0391 | 6375
ULSDH TOFA - 100 0.230 435
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[023] The HFRR test was again conducted using an ultra
| ow sul fur diesel fuel obtained froma U S. refinery
i nstead of gasoline. Table 2 shows that the superior
performance from schene B fuel lubricity additives
extends to diesel fuel. [024] Table 2 HFRR of
Experinmental Lubricity Additives in Diesel Fuel
Reactjon Treat Rate Friction Wear Fuel Additive
uChbei st ry Sesparen (ppn)  Ceef fli cigant 1 Seas (jundso ULSDL
Base [Fuel No Additijve -- -[0.391[637.5 [ULSDl [TOFA
— 1000230435 11Ut SDT—TOFA-DEA-A-100610213—380
VLS. | 1'eostoplegidABRs ) adiEn B 189 0] 2823017  447smn
UTSPV DETATBFADETA. 253 489 ULSDID TOFAIAEEA B4gb00| 0. 244
ut§d:1 FrichbpRAEBRTTi gl eng = [F/ Ryowher @ Jayi § thp
rreasu ed—fricrron rorce and P Tsthe applleo |oa
. SDL = Utra Low Sul fur Diesel Fuel from Co
F”ﬁ'ﬂ“ Gopifgent s 68t wars isAbg easured fietinnyorea s A '%E‘S’% f"%%lf?‘? lgad
Acid fromArizona Chem cal Conpany TOFA = Tall QO
ULSBA it YranlequeB uifprdtiesal fusbiear €verR RMIPsConpany DEA =
Isospyags AathD Catin & 108t oatearicfdd et ATiFpnackiieaitel @mPA®Y DETA =
TOR etalyAildntit Midiameizpepdierigbfenenydenonst rat es t he wear
DEAT Biethdicdgrgiteer s obt ai ned fromthe incorporation into
AEBATTeAdInesdled etharelamise t he noni nventi ve sanples 1-3 and
DETéGrDiethylenegiinindi nent s of the present invention sanples
4-7.

— 1 —-!

[025] Table 2 demonstrates the wear scar diameters obtained from the
incorporation into the diesel fuel of the noninventive samples 1-3 and contain
embodiments of the present invention samples 4-7.

[026] Other aspects of the disclosure will be apparent to those skilled in
the art from consideration of the specification and practice of the invention
disclosed herein. Ht is intended that the specification and examples be considered
as exemplary only; with a frue scope and spirit of the invention being indicated by

the following claims.
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[026] Ot her aspects of the disclosure will be apparent
to those skilled in the art from consideration of the
speci fication and practice of the invention disclosed
herein. It is intended that the specification and
exanpl es be considered as exenplary only, with a true
scope and spirit of the invention being indicated by
the following clainms. 12 WHAT IS CLAIMED IS: 1. A fue
WHALIS BLAMEEYS i ve conpri sing an i nidazoline of the
following formula: (R)2 (R)z MN\ f--N\ R
C(R)z-C(R )z-A wherein: Ris chosen from saturated
and unsaturated, linear, aromatic, branched, and
cyicl Adudiyidisricigraaiditiverconfisrisingae imidagolinasaflisé fdllovirdy formula:
substituted wth at |east one of hydroxyl, nitro,
am no, and cyano groups; R is independently chosen
from hydrogen, hydroxyfgry,nitro, amno, cyano, and
saturated and unsaturatjed, |inear, aromatic, branched
and cyclic hydrocarbyl| groups; A is chosen from SH,
OH and NY2 groups; an i s ingependently chosen from
hydrogen and satura unsaturated, |inear,
aromatic, branched aRd cydlic hydrocarbyl groups,
whi ch are unsubstit [r substituted with at |east

one of hydroxyl, ni¥ro, an™Nno, and cyano
yaroxyl, m ClR), - CRY—A

wherein:

R is chosen from saturated and unsaturated, linear, aromatic,
branched, and cyclic hydrocarbyl groups, which are unsubstituted or substituted
with at least one of hydroxyl, nitro, amino, and cyano groups;

R’ is independently chosen from hydrogen, hydroxyl, nitro, amino,
cyano, and saturated and unsaturated, linear, aromatic, branched and cyclic
hydrocarbyl groups;

A is chosen from SH, OH and NY3 groups; and

Y is independently chosen from hydrogen and saturated and

~unsaturated, linear, aromatic, branched and cyclic hydrocarbyl groups, which are
unsubstituted or substituted with at least one of hydroxyl, nitro, amino, and cyano

groups.
2. The fuel lubricity additive according to Claim 1, wherein R is chosen from

hydrocarbyl groups having from 10 to 20 carbon atoms, and A is an amino group.
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groups. 2. The fuel lubricity additive according to
Claiml1l, wherein Ris chosen from hydrocarbyl groups
having from 10 to 20 carbon atons, and A is an am no
group. 13 3. The fuel lubricity additive according to
Caim1l, wherein R is hydrogen, and Ais NH2. 4. The
fuel lubricity additive according to Caim1, wherein

A is chosen from -SH, -OH and -NY2 groups. 5. A fuel

| ubr i%i The tughilubricity aﬂ@lrtwﬁuagwrgmrio iChaignat: avtienein Raisdiveragen,
said imdazoline is prepared by a process conprising
archbii$ Nbl2a conpound of fornmula (1): 0 11 RGCOH (1)
with a conmpound of formula (I1): HZN CR)2 C(R )2 A
C(R )R TWe DgRupdcifyl ddditiviel aceorging| td Chaim Trivehezein Arie cagsen from
formula (111): (R)2 (R)2 EN(Ill) I N~

SHR)-DHCaR) 2NX: gwlupsei n:

5. Afuel lubricity additive comprising an imidazoline, wherein said
imidazoline is prépared by a process comiprising reacting a compound of formula (1):
0

R—C——0OH - i)

with a compound of formula-(11):

 HoN C(R)z C(RY),

\C(R) \ / \ / ()

to yield an imidazoline of formula (lH):

AR,

.~ {R)2
an

R \C(R)z CR),—A
whergin:
R is chosen from saturated and unsaturated, l’Iinear, a‘rqmatic,
br_ahdhed, and ‘cyclic hydrocarbyl groups, and is unsubstituted or substituted with at

least one of hyd'r_o_xyl, nitro, amino, and cyano groups;
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R is chosen from saturated and unsaturated, |inear,
aromatic, branched, and cyclic hydrocarbyl groups,
and is unsubstituted or substituted with at |east one
of hydroxyl, nitro, am no, and cyano groups; 14 R is
i ndependently chosen from hydrogen, hydroxyl, nitro,
am no, cyano, and saturated and unsaturated, |inear,
aromatic, branched and cyclic hydrocar byl groqps; A
i s choseR ifinsiapesdentisehasgniiem gydigasn. Rysioxy! Ritro, amino,
I ndependent|ly chosen from hydrogen and saturated and
cyangs and isaturated| dandasnsatunatesatingsr, brommative tramnctied podicyclic
hydr ocar byl groups, each of which is unsubstituted or
hydrobarbiyt groegs;wi t h at | east one of hydroxyl, nitro,
am no, and cyano groups. 6. The fuel lubricity
addi ti vea ar@itisehfbnh 0SH, @HBRd NJr8iips; Bnds chosen
from hydrocarbyl groups having from 10 to 20 carbon

atoms. Ty isﬁh@eﬁéﬁen‘t[?’ghhiégf Hoﬁqﬂjo‘r%d&Tﬁ‘é& ?%tgréigd bRd

Caimb5, wherein R rogen.
ey i . ¢ h . o
sl el e Ghdlfe, BRARAGH M At Bl PolarbVRioBpE, ghor
lyubricity additiv ordi.ng .t o aim wher ei.n .
whigh b oS o § oot Sy htatestaierts BugHai, e, amino, and
nmolar ratio ranging from1l:2 to 2:1. 10. The fue
CYanQurPEPY-y additive according to Claim5, wherein
conpounds &})__and %II) are reacted together _in a
m#. aFhe fual abrigity pdditive speadmgiotdaim B, ®herein Risehesgn from
lubricity additive according to Claimb5, wherein the
hydrdaaebyligsowaps bindsgfrofut) to ARcarbba atorek. | ubricity
additive according to Caimb5, wherein the fuel is a
7. The fuel lubricity additive according to Claim 5, wherein R’ is hydrogen.
8. The fuel lubricity additive according to Claim 5, wherein A is chosen from
-SH, —OH and —NH; groups.
9. The fuel lubricity additive according to Claim 5, wherein compounds (1) and
(1) are reacted together in a molar ratio ranging from 1:2 to 2:1.
10. The fuel lubricity additive according to Claim 5, wherein compounds (1)
and (ll) are reacted together in a molar ratio ranging from 0.8:1 to 1:0.8.
11. The fuel lubricity additive according to Claim 5, wherein the fuel is a
diesel fuel.
12. The fuel lubricity additive according to Claim 5, wherein the fuel is a
biodiesel fuel.

13. The fuel lubricity additive according to Claim 5, wherein the fuel is

gasoline.
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bi odi esel fuel. 13. The fuel lubricity additive

according to Caim5, wherein the fuel is gasoline.

15 14. The fuel lubricity additive according to Claim

5, wherein the Ris chosen fromlinear alkenyl

groups. 15. The fuel lubricity additive according to
Caimb5, wherein the conpound of fornula (I) is

chosen from 9, 10-decyl enic acid, octenoic acid, .
linofi®i & hﬁé‘i"?ﬂ”b”ﬁ i accaeding todrainyS.tvdiareip e Rag ehpsen
acid. 16. The fuel lubricity additive according to.
frormlinpas alkgRd [9E9UPSt he conpound of formula (11) is

chosen from et hyl ene di am ne, am noethyl ethanol am ne,
and Tai dhajuel hibrieibagddifive acpordingetorGlaim .uyarein te compound of
additive according to Caimb5, wherein the conpound of
S {1 s Chysansrars si0ciacy eniacad etenpisccish lpiein @ces
formula (11) is am noethyl ethanolam ne. 18. The fuel
npptheeicagidagad aitalkoidadvaciing to A aim 5, wherein the
compound of formula (1) is naphthenic acid and the
conpd@ndbefudl bibrititysadditive desorginglodilaigt 5, véehein d1esgrdrmround of
19. The fuel lubricity additive according to Caimb5,
fouata{li is ¢hesen frpowaityete diraving laminoethyl sthaselsming: aod

acid and the conmpound of formula (I1) is

digittadengtrésmeined ami ne.  20. The fuel lubricity additive
according to Caimb5, wherein the conpound of formula
(1) 18 &he &lel lubritityf additiyemcicordingdo tCaimc yieoeial thef compound of
formula (1) is diethylenetriamne. 21. The fuel
foruivka @) is ysoatddiic avid aad dler dompoursl diferimmia 8l isvmeineethylt he
compound of

ethanolamine.

18. The fuel lubri¢ity additive according to Claim 5, wherein the compound of
formula (1) is haphthenic acid and the compound of formula -(II.) is aminoethyl
ethanolamine. |

19. The fuel lubricity additive according to Claim 5, wherein the compound of
formula (1} is isostearic acid and the compound of formula (11} is diethylenetriamihe.' _

20. The fuel lubricity additive according to Claim 5, wherein the compound of
formula (1) Vis a tall oil fatty acid and the colmpound of fbrmﬁia (M) is
diethylenetriamine.

21. The fuel lubrici.ty additive according to Claim 5, wherein the compound of

formula () is isostearic acid and the compound of formula (i) is diethylenetriamine.
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formula (1) is isostearic acid and the conpound of
formula (ii) is diethylenetriamne. 16 22. The fuel
lubricity additive according to Claimb5, wherein the
compound of fornula (1) is a tall oil fatty acid and

t he compound of fornmula (11) is am noethyl

et hanol am ne. 23. The fuel lubricity additive

according to Caimb5, wherein said imdazoline is

pr epaded iyt lubrigity pdditive aseprdisaén Clabn s, whereinmthe cpgigpund of
lubricity additive according to Claim5, wherein said
fosmglaAbiis adall qilfatty agid ped therreempasB of faidule (B} is@etnoethyl
conditions. 25. A fuel conposition conprising: (A a
ethanolpfingaj or armount; and (B) a fuel lubricity

additive according to Claim1l in a mnor anount. 26.

The fafel Thedpldebridity addiiee aenaiding b Clai & wbereitaaicinidazoline
the fuel is gasoline, or a gasoline-alcohol blend.
Bprepried o betohrpsetass sandities: di ng to C ai m 25,

wherein the fuel is a diesel fuel, or diesel _
f uel -2 cOedueldulivity additiva aecordiag tcn@htim§i vhereingaibimidangline -
to Caim?25, wherein the fuel is a biodiesel fuel.
BPrepried Gnddr conlinsous prasasacoslititinag t o C ai m 25,
wherein the fuel conprises an enulsion of diesel fuel
and @8t ek fust carnpesitisin.coB@risifige f uel conposition
according to Caim?25, further conprising at | east

one of(Adiasfpelris ardiar, anieingrayent s, oxygenat es,

antio , t

dyes. GaAuPLubRE B %fé%é%p B! i 1585 R G

i nhi bitors, bioci des cetane | rrpr overs antistatic

addi tﬁﬁv She. fﬁél%% 'oéf’or? acéy amg P8 %% \Wherein the fuel is gasoline,

dr ag-reduci
ora gasolme-.alcoho[ blend.

27. The fuel composition according to Claim 25, wherein the fuel is a diesel

fuel, or diesel fuel-alcohol blend. |

28. The fuel composition according to Claim 25, wherein the fuel is a

biodiesel fuel. |

29. The fuel composition according to Claim 25, wherein the fuel comprises

an emulsion of diesel fuet and water or ethanol.

30. The fuel composition according to Claim 25, further comprising at least
one of dispersants, detergents, oxygenates, antioxidants, carrier fluids, metal
deactivators, dyes, markers, pour-point depressanté, corrosion inhibitors, biocides,
cetane improvers, antistatic additives, stabilizers, anti-foam agents, drég—reducing

agents, demulsifiers, dehazers, anti-icing additives, anti-knock additives, anti-
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agents, denulsifiers, dehazers, anti-icing additives,
anti-knock additives, anti 17 val ve-seat recession
additives, additional lubricity additives, and
conbustion inprovers. 31. An anti-wear conposition
conprising the fuel lubricity additive according to
Caiml, wherein said fuel lubricity additive is
present in an anount sufficient to reduce the wear in

Vai\@ﬁﬁaw%%élorbaﬂﬁm@ﬁ additienal hebricity additives,andgembustion
nmodi fyi ng conposition conprising the fuel lubricity

impgalgrs.i ve according to Claim1, wherein said fuel
lubricity additive is present in a fuel in an anpunt
suf fi cBentArt antirwdaif gorhpesifion cormprising tHdfaef blicity3additve
process for inproving the lubricity of a fuel

RIBETG ioWiair 12WheRMg 81, fusAUBY dlﬁ/'d?ﬁilt%ﬁé prdsRat madrdl
engi ne with a fuel conprising a fuel Iubrlc:lty

it \éﬁfﬁ@%?fdjr‘eﬂﬁcé %Qﬂ@?mg]z? Fernﬁt ddnMustidn eﬂﬁl

improving the lubricity o conposition i

eni ness SATACAGH QRIS Bbl s R SoRIRLAG i hi ?uér%ﬁy

conposli on accor process

.di . Cl.ain.34 ' fuel

aiihve dlogdog P dhinsy, W er@'eriﬁ%cﬁ%@* ”ea}vaﬁﬂﬁgé’éste&eaﬁmm

vyherel n sai d fuel conposition rTP ses a diesel
faélve inan W%ﬁaﬁ@@t&wﬂmﬂgﬂn@t@a theduel. wher ei n

said fuel conposition conprises a biodiesel fuel. 38.

A pr oce&sAfsecessdooimprgvingdhe ibricity ohafiyel ebmpasition in an

internal conbustion engine conprising using as a fuel

i engihe, ¢anpniskag openating sainengine with a fuel comprising a fuel lubricity
additive according to Claim 1.

34. A process for improving the lubricity bf a fuel composition in an
engine, comprising operating said engine with a fuel composition according to
Claim 25.

35. The process according to Claim 34, wherein said fuel composition
comprises gasoline.

36. The process according to Claim 34, wherein said fuel composition
comprises a diesel fuel.

37. The process according to Claim 34, wherein said fuel composition
comprises a biodiesel fuel.

38. A process for improving the fuel economy of an internal

combustion engine comprising using as a fuel in the internal combustion

engine the fuel composition according to Claim 25, wherein the fuel lubricity
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engi ne the fuel conposition according to O aim 25,
wherein the fuel lubricity 18 additive is present in

an amount sufficient to i nprove the fuel econony of

the internal conbustion engine using the fue
conposition, as conpared to the engine operated in

the sane manner and using the sane fuel except that

the fuel is devoid of the fuel lubricity additive.
3gdditive ippresestinarcanaunisuficiantipimpsveihe fugleconemy of the
fuel lubricity additive is present in the fue

c ontposil tombustioreengine usingrthe dial gofmpositidh, 4o corhplreulttb.the
40. The process according to Caim 38, wherein the

f webineldperstethin tldghrhe Weanrier BhEIRMg the dahfs fudbbxcept that the
conposition in an anmount ranging from40 to 60 pth.

4uelfs BERHE BF tHeOUel BBHEHEINMPRS, | N an internal
conmbustion engine conprising using as a fuel for the

oo m 98, TERBEHERRAF § ity y@é@‘ﬁ?ﬁégeﬁwﬂw
Ny . fficient '

b7BARD i e B st mposti®Rip eP i Geialo HEM 2

gggag)?iti on, as conpared to the wear in the engine

Rd in the sane manner and usi ng the sane fuel
except that the fuel is_devoid of the fuel lubricity

addi t i #8. The pPra¢rssRSEEERY el 3%y wherein dhedued lubricity
wherein the fuel lubricity additive is present in the

f additiveirppresentan the fugh campeaition am g mgndunt narzfing omi4dto 60
ptb. 43. The process according to Caim4l, wherein
tptb.fuel lubricity additive is present in the fuel
conmposition in an anmount ranging from40 to 60

41. A process for reducing wear in an internal combustion engine
comprising using as a fuel for the internal combustion engine the fuel
composition of Claim 25, wherein the fuel lubricity additive is present in an
amount sufficient to reduce the wear in an internal combustion engine
operated using the fuel composition, as compared to the wear in the engine
operated in the same manner and using the same fuel except that the fuel is
devoid of the fuel lubricity additive.

42. The process according to Claim 41, wherein the fuel lubricity
additive is present in the fuel composition in an amount ranging from 25 to
150 ptb.

43. The process according to Claim 41, wherein the fuel lubricity

additive is present in the fuel composition in an amount ranging from 40 to 60

ptb.
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ptb. 19 44. A process for providing friction

nodi fication in an internal conbustion engine
conprising using as a fuel for the internal conbustion
engi ne the fuel conposition of C aim 25, wherein the
fuel lubricity additive is present in an anount
sufficient to reduce the wear in an interna

conmbusti on engine operated using the fue

conpos éti dnproasss tompaodding driction medificatiort ihean iateghale
operated in the sane manner and using the sanme fuel

exoaustivaengine cofpRisingsugity as @ faél fohthel inRirnalwaimististivn
additive. 45. The process according to C aim 44,

[E]ﬁie"thb el foaflpdsitieni dFidixim 28l dihdrsm thé fGél%@r"&ty' d’(‘jdftht% is
fuel’ composition in an amount ranging from 2

phypeﬁ Bin %ﬁérl A fsﬁrﬁc%g{:@rr%ﬂge i b Iﬁ]a‘h‘ﬁn \Pﬂﬁrc%'n{bustlon

ve IS pr esen

%ﬂaﬂﬂc—ﬁ" Jpe?é"ted usﬁ‘urb t%g?u&t n?po(%'ltl omp%reé) to t?se v@ear in the

engine operated in the same manner and using the same fuel except that the
fuel is devoid of the fuel lubricity additive.
45. The process according to Claim 44, wherein the fuel lubricity
additive is present in the fuel composition in an amount ranging from 25 to
150 ptb.
46. The process according to Claim 44, wherein the fuel lubricity
additive is present in the fuel composition in an amount ranging from 40 to 60

ptb.
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