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DI ESEL FUEL COWVPCOSI TI ON BACKGROUND OF THE | NVENTI ON

1.  Technical Field 5 The present invention relates
generally to a diesel fuel conposition containing a
soot dispersant additive which is a 'grafted and
derivati zed | ow nol ecul ar wei ght copol ynmer of

et hyl ene and at | east one C3-Cl0 al pha nonool efin. 2.
Description of the Related Art The diesel engine is a
common power pl ant choi ce when econom ¢ factors such as
10 fuel econony, durability and efficiency are prine

consi derations. TPI ]fgﬁﬁLgﬂﬁmgbg§¥g§g utility from
a di esel engine, lubrican railn rntervals are often

extended in conmercial applications to mnimnze
Ve e for maintenance. The limt of a
E%ﬁgggi ------ FVENIEN erval Tength is often
related to the I evel of exhaust particul ates that
lakeshpigeldiigddi n the Iubricant. Wile lubricant additive
fornmul ati ons are designed to accept 15 and manage _
cer t Hierpresenfunyestion rebasest senquakin torandieset Bishgsiniosiion gontaining a
depl et ed, soot particle aggloneration may cause a
sceki didpmsansadgriveivdaeht is v igedies mbd dérmenaddey nadgnby aeght
engi ne wear, handicap |ow tenperature operation, form
cdpalyiden bf ahylagemdndicae sut C;-0n ApHausdnoefinonmy penalty.
Exhaust gas recirculation (EGR) exacerbates soot

2.apedeiliaH d AR Relgled Wit her taxes the oil's performance
over tinme. 20 A unique approach to extending the

Ser VieRiidsktl @ ok 18 HBgsh pRRIbIRE: chbRE WadR bccdBflic factors such as
consequent |y, increasing the econony of engine

BB At 5l SRR, (o PESSESETDE A

f havin uch addi.ti becone.incorporated.into the
o P e s Rt By Y REGROR 8 bl

applications to minimize unproductive downtime for maintenance. The limit of a diesel
engine's drain inferval length is often related to the level of exhaust particulates that
accumulate in the lubricant. While lubricant additive formulations are designed to accept
and manage certain amounts of soot, when that capability is depleted, soot particle
agglomeration may cause a sudden, signiﬁcant Viscosify increase, aggravate .engine wear,
handicap low temperature operation, Iform harmful sludge and result in a fuel economy
penalty. Exhaust gas recirculation (EGR) exacerbates soot accumulation and further
taxes the oil's performance over time. |

A unique approach to extending tﬁe service life of a diesel engine lubricant and,
consequently, increasing the economy of engine operation, is to mtroduce a
predetermined amount of soot dispersa:[it additive into the fuel with the object of having

such additive become incorporated into the lubricant during engine operation in an
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amount and at a rate which will nmake up at least in
part for the normal and expected consunption of soot
di spersant additive that had previously been added
directly to the lubricant in accordance with known
and conventional practice. However, the inherent
nature of diesel engine operation raises severa
technical 5 hurdles to a successful realization of
this approach. In order to becone incorporated into
the lubricant, soot dispersant additive present in the

. ath&@lt afla RRSFhidENGBUSIketbQt 1668 TPHEL foPihe GBARD @R Wiebled

its chemcal integrity intact and accunulate in the

AR oot ol Qe PR RS Bt e Hhecty o o
b BERRLCRLoBERBLAMILO.BYSH CONE St BaicL he very nature
of “a di 250

esel engine m nim zes pportunity for -

typigal fuel additives to.reach.the cylinder wal]. . .
speclifvestitye Aift Ryt Ssrierl et s-V Gl ertmiea
engi ne's cylinder to diesel fuel prior to conbustion _.
h‘ilrglges {ret i}m%q%ﬁ‘l( replization Qihis PP B gy fodgpame meorporated into
encountered in gasoline engi nes. Mreover, in diese
the hgirisantoiget dspeavnt adduive pedsers pi By fod myptrpass bepugh thche
pi ston, not the cylinder wall as in gasoline engine
caypesiadr dambdiheitteftorhemicil eseiity meilct addit¢unvdate anidie denkbsise
nmust possess a 15 different set of physical and
wadre ificaa theq uglldriishaBe $cot depatant iklitdielthat baitedn cysiomeér The
surfaces than those requires in gasoline engine
mapplcckidtdl pRslenPRSHLRbMe ReGAUREvaT nithe olth dleaenline Ratimizes
technical challenges, it is believed that the

the oBgdrh@Ry BR tiiddl kuchowifas (DRSS BO8yiRHeA e ddeyiriRa) RG
soot di spersant additive solely t'o the diesel endine
exdpd Qi S?J‘%or@g?ssgéﬁ i éfg%rf &%nglé%%ﬁll Cgtd%ﬁés&rﬂ!ﬂ of to ddi¥iftion is

I'S a nee contal ns a soot

ass i ntact,.into

P 3R R0 1 T ok P BB RRRUBR e P FE kb i
SfEBeRecnL R0 L yey o he Lol sy i consumed durl ng, i,
gasoline engine operation. Therefore, diesel fuel additive candidates must possess a
different set of physical and chemical qualities to reach the oil coated cylinder surfaces
than those requires in gasoline engine applications.

Possibly because of the aforementioned technical challenges, it is believed that
the practice up until now has been one of directly adding soot dispersant additive solely
to the diesel engine lubricant and not to the fuel.

Accordingly, there is a need for a diesel fuel which contains a soot dispersant
additive capable of passing intact into the diesel lubricant so as to continuously replenish
dispersant additive as the latter is consumed during the normal course of engine

operation.
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2 SUMMARY OF THE | NVENTI ON I n accordance wi th one

enbodi nent of the present invention, there is provided
a diesel fuel conposition conprising an effective
anount of soot dispersant additive which is a

copol ynmer of ethylene, a C3 - Cl O al pha-nonool efin.

and, optionally, a non-conjugated 5 diene and/or

triene, having a nunber average nol ecul ar wei ght

rangi ng from about 5,500 to about 60,000 on which has
been grafted an ethylenically unsaturated carboxylic

 sapiMARANGE AHEANVENTIOR t hereof in the ratio of at

| east about 1.8 nol ecul es of carboxylic acid

f uncti RBSIRRE wAMlBE Hllngocﬁﬁ‘leﬁthﬁ tHRQRALYTRYentBh Gherb & frH8Bed 2
further derivatized with at | east one am noaromatic

dfé?él%@é?’%&?pc%@fg@%}ﬂﬁnﬁ% grgée%@g{/r{ ér?{gé OP&; %EPQigge?&ﬁ?éd%ﬁtid%vaoh

P M R Qﬁ?ﬁ@&?ﬁ&?ﬂwiﬁe@wﬂ Ry qopsgoniugsted

dgﬁ{él{]tgor%%gn%vm%arﬁ%{ gv%ra%? ;rIP i1 agf))vgs {l{glg,tgm %‘r(])mba out 5,500
rox al kyI or anlnoal R2 is -NH2,
to z[ FR]YRIGHERs bearygrs @.@)e,thyﬁmqually u.nsatmated carboxylic acid

| - NH2- ary I-N-HQ in which n. and in each

3¢dﬁ@féﬁ§bﬁ§@n tthogeo astha rajigl af et ketst ppayinl B nocdecabrs of carboxyligradid
R3 is Hor an alkyl, alkenyl, alkoxy, aralkyl or

fakt@syler maldéwdab! thav@pm@mﬁﬂromidh it thenlhathier etivatzdaomith at least
atons, (b) am nocarbazole of the fornmula: NH2 3

od@figbdoRatinsh Emiseponale tdaetd fiony the @Rfupendig&ing odr an
al kyl or al kenyl radical having from1 to about 14

car benNadk APBenylctddiaiind of A @hew@f the formul a:

| R’
R —Ar—N — >
RZ

wherein Ar is an aromatic; R is H or -NHaryl, -NHarylalkyl, a branched or straight chain
radical having from 4 to about 24 carbon atoms that can be alkyl, alkenyl, alkoxyl,
aralkyl alkaryl, hydroxyalkyl or aminoalkyi; R? is -NH,,

-[INH(CH2),-],»-NHa, -CH,-(CH,),-NH,, -CH;-aryl-NH;-aryl-NH; in which n and m each

independently has a value of from 1 to about 10; and R? is H or an alkyl, alkenyl, alkoxy,

aralkyl or alkaryl radical having from 4 to about 24 carbon atoms,

{b) aminocarbazole of the formula:

O
R III r!

NHz



wherein R represents H or an al kyl radical having from
1 to about 14 atons, (d) am no-indazolinone of the
formul a: NTH wherein Ris H or an al kyl radical having
froml to about 14 carbon atons, (e)

am nonercaptotriazole of the fornmula: - I NH2 HS N-N
I 10 H, and (f) am noperimdine of the fornmula: NHZ N
NH wherein R represents H or an al kyl radical having
froml to about 14 atonms. . In accordance wi th another
enbodi nent of the present invention, a nethod for

- whBRmAY bR tdaeh TdElen8GRNPFehts @Ihtg'i aﬁd%ﬁdyl §1|nzgl'<é?1?1 #a8ical having

provi ded conprising opérating the i ésel engine with

flqglab@qu%%ﬁ&?%‘%onpri sing (a) a major anpunt of a
Iresel tuel an a mnor fuel econony inproving
effec$&ﬁgoa Og%%&g%lkg__foregoing soot dispersant 5
addi t1 Ve. fﬁspersan? additives of the foregoing type
and their preparation gre described in U S. Patent
No. 5,075,383, the ents of which are incorporated
by reference herei hese, addi ti ves when added to
di esel fuel hdik ‘ herein to reach the

cylinder lining of~g’dhesgl engine prior to fue
conbustion and fron1theréTto enter the crankcase
H

5 wherein R represents H or an alkyl radical having from 1 to about 14 atoms,

(d) amino-indazolinone of the formula:

wherein R is H or an alkyl radical having from I to about 14 carbon atoms,

(e) aminomercaptotriazole of the formula:

N
w5l

N -
|
H

-—’ \ NH;,
N

10 ,and

(f} aminoperimidine of the formula:

NH,

BN

N NH

O,

wherein R represents H or an alkyl radical having from 1 to about 14 atoms.
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10 where they continuously replenish the lubricant's
soot dispersing capability as its original dispersant
additive is consunmed. This replenishnent capability
results in the lubricant mnmamintaining its visconetric
characteristics over a longer drain interval than
woul d be the case were no soot dispersant additive
incorporated into the fuel. In addition to the | onger

| ubricant drain intervals nmentioned, operation of a

di esel 15 engine with the soot dispersant

addi In aceordaiti adithi angthérdbodimdnbho Sthé piesdnt inoanthvasa method for
resulted in an unexpected and significant increase in
ithpk@ling e RaNEcHING o flaslidéeltengin® 186 viBRI®hipkisPE operating the
enpl oying the fuel of this invention in the operation

dfbel @ngdhewsth G0 ic&ﬁn%os%h E:EmBgé@aﬂ}r%ﬂr Qo e FBRANINGS and

0 Vari ous enbodi nts are descri bed bel ow with

2

f er to the. draw . rejn: .S .
EPABRSEER &SIt b Lo PRASLE 0r i Brocbid B gispggson
&g@-?S Test Cycle; and, 5 FIG 2 is a graphica
¥EPresent ati on of the speed vs. tine of an EPA H ghway
Fuel _Econony Dxi vi chedul e. DETAI LED DESCRI PTI ON OF
THE PREPERRERHESEDIMEENTEBE YRe AP PivRirabgn 4¢ Q@&%‘?ﬁi in
t he manufacture of the soot dispersant additive which
U5 PateppNey Bl 513831 the centedset whigdy are Bywpipeiataddy refereppeherein.
present invention can be prepared from ethylene and
Theseladdig vesorhen @3dad1to dizbed iizel hawsdskrefound Berein tageach the cylinder

. propylene. Optionally, the ethylene and hi gher

liainplhéa dizsdd ehghé pris to fmhcdadustoppodng feri therd tovedtr the crankcase
pol yene nononer selected from anong the

wihere-teg ot gRaionsly dptdned tedldbiidahf W5t disheRfiVdagsbikiky as its original
terpolynmer. The 10 non-conjugated di ene conponent can

dRBerOMEaddRi Ak BiREméd. OMidrepRnidiRQétt cAAblRf ROMNtsah @ ubricant

maintaining its viscometric characteristics over a longer drain interval than would be the

- case were no soot dispersant additive incorporated into the fuel.

In addition to the longer lubricant drain intervals mentioned, operation of a diesel
engine with the soot dispersant additive-containing fuel of this invention has resulted in
an unexpected and significant increase in fuel economy which is yet another benefit of

employing the fuel of this invention in the operation of a diesel engine.

BRIEF DESCRIPTION OF THE DRAWINGS

Various embodiments are described below with reference to the drawings
wherein:
FIG. 1 is a graphical representation of the speed vs. time of an EPA-75 Test

Cycle; and,
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in the chain. Preferably, the optional diene nononer
is characterized by the presence of a vinyl group in
its structure and can include, for exanple, cyclic and
bi cycl o conpounds. Representative di enes include, but
aree not limted to, 1,4-hexadiene, 1, 4-

cycl obexadi ene, dicycl opent adi ene,

5- et hyl i dene- 2- nor bonene, 5-nethyl ene-2 15 norbonene,
1, 5- hept adi ene and -1, 6-oct adi ene. A m xture of dienes
can al so be used in the preparation of the copol yner.

A preferrigd gfh%ﬁm&l%}iré&ﬁtta%h 56 (BOGcEOs. RERRAGH E@Aaﬂf%ﬁ%y Fuel

terpolyner |s , 4- hexadi ene. A triene nononer,

By gvantageously possess at Ieast tmo non
confﬁ%atgg&g e bonds and up to about 30 carbon
atons in the chaln Sonme useful 20 trienes for
preparlng the base terpolynmer are | -isopropylidene-3

EMB ODIMENTS

deh dr oi cycl ope ntadlene and

2-( ZTH%?QWI ugfh%grht;ap n@nbfém |tl)q @ogdlg_qersant additive which is
bi cycl o-5-heptene. 6 The pol yneri zation process for
epployehiy thhdicish Sl eonprobiyine pf §e eeselt invention Gapds peepared from
catal yst in a solvent nedium The solvent can be any
edylena bhdeat ileastrdne €h ganalphsobwehdfint doelt as prepyénes Qptigually, the
under the reaction conditions that are typical for the
ed@leud bmihipiod wipki-mbaddlein(Ofcanbacopalfidrized @ik @ylyege fonomer
Ziegler type catalyst. Exanples of useful 5 solvents

stlBbdEEm Sinbad Bhof bajiaRA @kt A% ©eMdsab PiRBlefat@PBLBnied The
8 carbon atonms with hexane being preferred. Al so

nbS 88 dfhe Rl e @ {Sjérfénﬂ}é%%ﬁé m@ﬁmng Ehey fa%x mczﬂmoh%mms

hydrocarbons possessing a single béenzene nuc eus such

S ) R PRl el Wl s o
t fo i d
PR RHE Rl A AR B sl %yc ”ffa'l%?ficei ¢ 10
@ﬁgrOﬁarbons The sol vent . sel ect ed E re of
l]ﬁgp}gsqgfautvp] glepeérUé lbqen ut aree not Hmte to, 14— exa ene, 1,4-

cyclohexadiene, dicyclopentadiene, 5-ethylidene-2-norbornene, S-methylene-2-

norbornene, 1,5-heptadiene and 1,6-octadiene. A mixture of dienes can also be used in

the preparation of the copolymer. A preferred non-conjugated diene for preparing a base

terpolymer is 1,4-hexadiene.

A triene monomer, when employed, will advantageously possess at least two non-
conjugated double bonds and up to about 30 carbon atoms in the chain. Some useful
trienes for preparing the base terpolymer are 1-isopropylidene-3a,4,7,7a-
tetrahydroindene, 1-isopropylidenedicyclopentadiene, dehydroisobicyclopentadiene and

2-(2-methylene-4-methyl-3-pentenyl)[2.2.1] bicyclo-5-heptene.
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hydrocarbons. It is desirable that the solvent be free
of substances that nmay interfere with a Ziegler-type
pol ynmeri zation reaction. In a typical preparation of a
copol ynmer substrate, in this case, a terpolyner of

et hyl ene, propyl ene and the di ene nononer

5-et hyl i dene- 2- nor bornene, hexane is first 15

i ntroduced into a reactor and the tenperature in the
reactor is gradually raised to about 30C. Dry
propylene is then fed to the reactor until the

Pr eSeh ﬁ)l#ﬁé}%ﬁﬁl ABQUS foft Gorhng ARG cApolMENRSe@fly utilizes a

nmer cury. e pressure is thereafter increased to about

c?cglg.ét'?ﬁ’F ﬂv&f‘[ meHRAC UY sBiveibe Be 0531 FratflE %eﬁtolﬂ%ajnﬁﬁs%h%ﬂfjthat

ene- 2- nor bonene are i nt uced

n?at%%t l?q[md undert tpe rea&nc cg)salgonsqgattzagee grglca %IB%LF soelmgcz and

ure o um num or |
d| or|d

ppSR e 8l Ponpoiess ﬁaﬁfg%tépw%éaﬁmnlasnof uscfl
reaction is |nd|cated hy a drop in the reactor
S?}F%%l&?l@de shmglfw}gpﬁjepa&fgﬁ?p@ltpémgg frﬁplgﬁ,]t@ri% carbon atoms with hexane

al pha- nonool efin copol yners can consi st of from about
baigg prefeatseu tileosefsl ase piomeinhydoeapbanarelanbiyraspmalirout 20
to about 85 nole percent 7 propyl ene or higher
hydrooahaes pesswising atstnglegresfame neclewr swplpas heorme peluage, faylene, and
about 25 to about 75 nole percent ethylene and from
tielihetand Sattvatedlretlic hGroraibenlerarrtoilody painCiangeCGlProximating

al pha-nonool efin with the nost preferred proportions

tHogd e¥Ohd iforsnRRedHed 48aike BRIAWaraBBnic HRIr6caRRIME B aromatic
propyl ene and about 45 to about 75 nol e percent

hﬁ‘dr@ééhﬁﬂ@ TRe sbB/eROJYHIRA cHidhd @Fﬂxﬁﬁr% 02bnd HEndRLEERI ﬂ?&gemg
po ynmers can contain fromabout 0.1 to about 10 nol

5&%&13 1; 1&%9&?@&%@%&9&11@ bF ﬁ@e O s Eé'téﬂ%@&hat ﬂ%/ mtteﬁfere with

tarting base copo terpol ynmer tor prepari
sant X! di t# of the invention is an

aiﬂﬁi %Fhﬁpgnwgﬁb§P§ﬁFlg?ly |'inear, rubbery nateri al
R T T LR RS
ethylene, propylene and the diene monomer 5-ethylidene-2-norbornene, hexane is first
introduced into a reactor and the temperature in the reactor is gradually raised to about
30°C. Dry propylene is then fed to the reactor until the pressure reaches about 40 to
about 45 inches of mercury. The pressure is theréafter increased to about 60 inches of
mercury at which point dry ethylene and 5-ethylidene-2-norbornene are introduced to the
reactor. At the conclusion of the monomer feeds, a catalytic mixture of aluminum
sesquichloride and vanadium oxyirichloride is added to initiate polymerization.
Completion of the polymerization reaction is indicated by a drop in the reactor pressure.
Ethylene-propylene or higher alpha-monoolefin copolymers can consist of from

about 15 to about 80 mole percent ethylene and from about 20 to about 85 mole percent
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10 about 6,000 to about 20,000 and nore preferably
from about 7,000 to about 15,000. Many pol ynerization
processes produce copol yners and terpol yners havi ng
nunber average nol ecul ar wei ghts substantially above
80,000, e.qg., in the range of fromabout 100,000 to
about 300, 000 and even higher. For use in the

manuf acture of the soot dispersant additive herein,
such hi gh nol ecul ar wei ght copol yners/terpol yners nust
be 15 reduced in nolecular weight so as to fall within

.pl‘ﬂ?ﬁr%e&lfa of Kishat h@Go Sl Glith ASpra@Led ﬁﬁ%&ﬁ@:ﬁs&feiﬂ/geﬂngﬁ bbdu@ng &
6] .

rom about 5,500 to about 60, 00 H gh nol ecul ar

BRI T I FORLANBE DL EIRT O REub 25 GRS SIRAS Bercent of a C - Cro
contai ning from™ about 40 to about 60 nol e percent

QXAc]%B&eHﬂ‘ {Vﬁtﬁ tl?erlﬂos‘%gf%%rfeg%r é%rt?okﬁg Uéin? grf)fﬁ%bggf(}%rts &Bdut 55

ropyl ene units are avai conmer c npl es
of_such, pol yners .are thol e 20 2052 and PL-1256
s RSO PRI FdbPe T O guR i miliah e .
Ot hgl eu 2052 . is terpol ymer contai ni ng about 4
ol e%ﬁ‘é’Pg]B’ﬁf Vaé’caﬁwse‘ffg}'%ﬁ’i“{)g&“%ﬁ{yﬁﬁrsecaﬁ @P%t@‘g'tﬁ%m ot 0.1 t0
ropyl ene units and 4 nol e percent 1, 4-hexadi ene units
25014 1ﬁ§1ﬂlwr%@ﬁt ohmineeriugAtedciigieroy ticge- | - 35 and PL,
125 6 is a simlar polynmer with an i nherent viscosity
-of 1Thogartiggbasewapdyme/ ianpelvanye larplepetin pthe vt gispersott additive
t hese polyners are on the order of about 200, 000 and
oftheuriven@80is @0 0il-solebipeabitaaialy lifitee, tisrany tnampiel haverg'a nusnber
used herein to enconpass both copol yners, terpolyners
aedtalzel dleduba meighit sangibipdten paluy S1B00 © ab@ites0]080 Spreffably from
contain mnor anmounts of other 5 ol efinic nonomers

aBR6i00e &b 4038 20,0088 nthepRErM Y FbihGBodE008S about 15,000.
materially changed. An ethylenically unsaturated

M&??Mehgatﬁﬁ ptb@Eses ggc% &Fol?ﬁ&@ Aty {egﬁ))lfﬁ'ﬁeé;rg gaggﬁ%number

functironality is graft onto the cop ckbone.
A R N T
18(5,8(%)0 t%’abguq 300,000 and even higher. For use in the manufacture of the soot
dispersant additive herein, such high molecular weight copolymers/terpolymers must be
reduced in molecular weight so as to fall within the aforestated number average
molecular weight range of from about 5,500 to about 60,000.

High molecular weight copolymers/terpolymers such as those containing from
about 40 to about 60 mole percent ethylene units and about 60 to about 40 mole percent
propylene units are available commercially. Examples of such polymers are Ortholeum
2052 and PL-1256 both available from E.I duPont deNemours and Co. Ortholeum 2052

is a terpolymer containing about 48 mole percent ethylene units, 48 mole percent

propylene units and 4 mole percent 1,4-hexadiene units and having an inherent viscosity

- of 1.35 and PL-1256 is a similar polymer with an inherent viscosity of 1.95. The number
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anhydri de group or a polar group which is convertible
into a carboxylic acid group by 10 oxi dation or

hydrol ysis. Ml ei c anhydride or a derivative thereof
is preferred. This and simlar anhydrides graft onto
the base copol yner or terpolynmer to provide two
carboxylic acid functionalities. Exanples of
addi ti onal unsaturated carboxylic acid reactants
include acrylic acid, nethacrylic acid, cinnamc
acid, crotonic acid, 2-phenylpropenoic acid, maleic

. aa@agé,m&strmﬁ: nighed of; thegb Péla@enfe @Qh@@rdm@ﬂl 200,086 ki about

i taconi ¢ acid ~nmethyl ene 15 succinic acid), citraconic
28606, (AFdchyiymal ei ¢ acid), chloromaleic acid,
anhydri des such as chloronalelc anhydri de, glutaconic

a0 00 o REAR Gy PRI e B Cons RN s

i d Th d t f th | ecul
T R A R aﬁé&ﬂ&“‘%ﬂ?@?ﬁer
i ght ab bout 80, 000 t nb
o P ier et o bR oG A GO DS BB
5,500 to about 60,000 (a nol ecul ar weight range
~ cor rb8 pdmienicaly esameind @ooxyls asdousowse gﬁ@rwhw%t ic

viscosity of a 37% concentrate of the finished
fugicgqreliyas giplieddnto e qgpelfmemngeldfont.hEhast hsactaniscanthip at least
unsat urated carboxylic acid reactant onto the

onogpinilgmieboncizand beleast ongyphd siafechbbi sl tabeodis kyid @roups, an
sequentially in any 9 order.. |If carried out

asgaté dro@l diya pdliigrhpsehicoR GbiWRRIbICAM 4 tarisdxyheade gfoag ed
to cone wthin the prescribed nol ecul ar wei ght and

okiBRRN Gk BldrEHsi0r MatPMMBK &R Yor aldBgvaiva tHetddg 1s%§51’err9d'=‘ This and
ef fected onto the high nol ecul ar wei ght copol yner

Slﬁv\glculght %}&%‘ tg% g@%ﬁ&@%ﬁ%{&%olﬁﬁ%ﬁh}térﬁ&%ﬂ xgtp g?&e‘h&pwoacrarboxyhc
dit?‘ﬂB@tﬁo gllﬁ‘ééeﬁglglpﬂg ?ngdltf%n%l agu:tatted andsy yhtc a01dhreacﬁants include

ternalver |ng an IOI’]O

<R B ranif PR AR G 2 rdggpenoic acid

np| ecy| ght of the high nDIecuIar wej ght
maleic ac%cli, talllmanc acid, glutaconic acid, %ﬂesacomc acid, 1tacomcga01d (methylene

succinic acid), citraconic acid (methyl maleic acid), chloromaleic acid, anhydrides such
as chloromaleic anhydride, glutaconic anhydride, itaconic anhydride, citraconic
anhydride and derivatives such as their esters and corresponding acyl halides.

The reduction of the molecular weight of a base copolymer having a number
average molecular weight above about 80,000 to a number average molecular weight

within the range of from about 5,500 to about 60,000 (a molecular weight range

‘corresponding to about 300 to about 25,000 ¢St kinetic viscosity of a 37% concentrate of

the finished dispersant) and the grafting of the ethylenically unsaturated carboxylic acid

reactant onfo the copolymer can be accomplished simultaneously or sequentially in any
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copolynmer to within the prescribed nol ecul ar wei ght
range, whether during or prior to grafting, can be
conducted in the presence or absence of a solvent or
other neutral 10 nedi um by neans of nechanica
shearing. Cenerally, the copolyner is heated to a
nolten condition at a tenperature 'in the range of
from about 250'C to about 450'C and is thereafter
subj ected to nechani cal shearing until the nunber
average nol ecul ar weight is reduced to within the

 obde s ITchRiRd oBILFRENIHAUE HRGBsIBoh 81§ tkeAtan TR I B de &o cdie.

shearing can be effected by forcing the nolten

‘mﬁ}p!hu PREcdHRE ftdtrufat w@agﬁtranﬁlﬂs‘e%sgrmﬁ%& oBﬁx‘?e%&W ﬁlqu&aﬁl&écan

by ot her nechanical neans. The grafting of th

b@%@é&%ﬁfﬁ@h‘leﬁéﬁ% Eéﬁﬁﬂ%&%%l@@gﬁg?ﬂéﬁ !fcﬁlo%?%ly"i‘lg a&fl the

onto the copo r arter

r%sﬁ]ﬁm%%?@h ular%ve r%g g%ﬁ?%copogz'ﬁjl e wﬁhm\ﬁ% oresau{

yrrer can be COﬂ

i n the gsen ee radical,. initi tor T e
YR W%@z et & Al b, Edhina et RSt elth
onto the, opoly hackbone is critical. Thus, at
npolecutar Hisiglt copo eﬁﬁe}“é%?&lc]@%"f‘élfcoﬁweéﬁy boxylic acid or
anhydri de nust be reacted with each nol ecul e of the

pol yReduchige Rbibaeeight avergp metesplerdeight of dechich melepwler weight
nore noles of the carboxylic acid or anhydride with an
cepplynuel te mithinOhepmesanibedbinoleodal weiglrt rarie owiktlyer dtitigs or prior to
carboxylic acid or anhydride should be enployed in a
graditing cdir iwmoatheidd i 118 praemdean bbdnsanifaculvest dpethermduasal e
of the polymer backbone with a preferred ratio being

nfell Rt BP@Eins 3 frecl@BRbl shdari] €RelbeBy, AtopolSiiet 1s hEREE0 a

preferred ratio being fromabout 2.25 to about 4

iRk E(H’%d?cﬁm ath el era@fd BOhL ¥ L] bPﬁ?{ﬁ{é S6RE 2364 YRR 4§O°C and is

general ly have from about 275 no es to about 3.

tﬂgpéaﬁ&%uﬁ c@é tot 1{3@01131%5:9% é/alnhg uﬁtﬁ'tﬂe Rmbef ngrelrgcﬁ‘e&fa?we%%t 18

onto eac copol yner

reduced to within the prescribed number average molecular weight range. The shearing
can be effected by forcing the molten copolymer through fine orifices under pressure or
by other mechanical means.

The grafting of the ethylenically unsaturated carboxylic acid and/or anhydride
onto the copolymer either before or after the copolymer is reduced in molecular weight or
during the shearing of the copolymer can be conducted in the presence of a free radical
initiator. |

The amount of carboxylic acid reactant that is grafted onto the copolymer
backbone is critical. Thus, at least about 1.8 molecules of the carboxylic acid or
anhydride must be reacted with each molecule of the polymer backbone. It is preferred to

react the two or more moles of the carboxylic acid or anhydride with an equivalent

10
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The free-radical initiators which can be used in the
grafting reaction are peroxides, hydroperoxi de and
azo conpounds, preferably those having a boiling point
greater than about 100C and thermally deconposing
within the grafting tenperature 10 range to provide
free radicals. Representative of these free-radica
initiators include, but are not limted to,
azobutyronitrile and 2, 5-di net hyl hex-3-yne-2,5
bis-tertiary-butyl peroxide. The initiator is

a@@i@lof kool s d BrdadBNha KRByl R ackirop Ehiaaasd sioulddeniployed in
about 1% by wei ght based on the wei ght of the

aTRRCAR Bhdlk XRUS So0vP5 HolRlles flSndERId I dobymdbafi&oad W a
carried out in an inert atnosphere such "as nitrogen.

: . P .

PR LR S PR PRt L BOBETBC Bl e profrred raio
functions | r per at,ed fthin its.st.ructure. The.

oGP Ty aro B sl o Pap TR B S Milfes
0ssessi ng carboxylic cid acylati unctionality is

PR ek e it apsiradr afieY Amrchelsnal i cHHPylR A or
sel ected fromthe group consisting of: 20 (a)

apbydpge rBed oo eagh sprRenemle@le or nul a: 11 wherein Ar

is aromatic and R is Hor -NHaryl, -NHarylalkyl, a

br anthielgecoradisalriaitighhts wid¢tnéan beagidoa thergaflingrepetiom ate t o
about 24 carbon atons that can be al kyl, al kenyl,

perokidzsy hydropmaedideydndabk ermppounthy dredorytadly Kyke lorvirgm boolid gaydint
R2 is -NH2, -[NH(CH2)"-1,,,-NH2, -CH2-(CH2)"-NH2,

gre@lid? thai YhoulNHR g rayidl tHRallyndeadrhpdsing vaitn the gedigly tempbatra
value of from1 to about 10; and, R3 is H or an al kyl,

rablgk Ptbvid@frkonsiials AR GlrkathtaBe ofdhded fié-rddad] Bdtlatdd@itici@e, but

from4 to about 24 carbon atons, (b) am nocarbazol e of

)
Sl L S Rt apagety s pe s
peroxide. The imtiator is generally used in an amount of from about 0.005% to about 1%
by weight based on the weight of the reaction mixture solution. The grafting is
preferably carried out in an inert atmosphere such as nitrogen. The resulting copolymer
intermediate is characterized by having carboxylic acid acylating functions incorporated
within its structure.

The grafied copolymer or mixture of grafted copolymers possessing carboxylic
acid acylating functionality is then reacted with at least one aminoaromatic polyamine

selected from the group consisting of:

(a) N-arylphenylenediamine of the formula:

L,

11
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10 from1 to about 14 carbon atons, (c) am noi ndol e of
the formula: wherein R represents H or an al kyl

radi cal having from1l to about 14 atons, (d)

am no-i ndazol i none of the forrmula: 15 wherein Ris H
or an al kyl radical having from1l to about 14 carbon
atons, 12 . (e)am nonercaptotri azole of the fornul a:
HS (f) am noperimdine of the fornula: NH2 N NH 5
wherein R represents H or an al kyl radical having from
| to about 14 atonms. Particularly preferred

- whtrBiYA R &8k 6N S NG Pest -RH8ryi, NREAylalkyl, a branched or straight .

phenyl phenyl enedi am nes, for exanpl e,

B
m%%%ﬁ@@%ﬂg%ﬁpﬁg¥gﬁgs?%ﬁﬂ%@sggg?ﬁa§%h}nopropy# .
N R B S G S S By SR S BRI % ach

and am_nonercaptotriazide. The reaction between the
hasGp@iug 98 fromnk eapeii At Ads R &L Piig alvhtlenyh Akpegpralkyl or

carboxylic acid acylating functionality and the
allsarrhiedigsldwang &opot pahpudfsptbenatops, ef fected by

heating a solution of the polyner substrate under

i ner(b) aomdéarhaaole oftid folmena: 15 addi ng t he ami no-aromatic

pol yam ne(s) to the heated solution generally

acconpani ed by [i:j:l:_:li::fﬁ
——NH,
Q Q)
R I\lI r!
H

wherein R and R' each independently represents H or an alkyl or alkenyl radical having

from 1 to about 14 carbon atoms,

(c) aminoindole of the formula:

R

Sy

N

|

H

wherein R represents H or an alkyl radical having from 1 to about 14 atoms,

(d) amino-indazolinone of the formula:

O

wherein R 1s I or an alkyl radical having from 1 to about 14 carbon atoms,

12
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15

mxing. It is convenient to enploy an oil solution of
the copol yner heated to within about 140C to about
175C whil e mai ntai ning the solution under a nitrogen
bl anket. The am no-aronmatic polyam ne reactant(s) is
added to this solution and the reaction is 13 carried
out under the aforenoted conditions. In general, the
am no-aronati c pol yam ne conmpound can be reacted with
the grafted copolynmer internmediate(s) in a ratio of
about 0.5:1 to about 1.1:1 nolar equival ence and

pr ef gy alldbdniefcaptotriizble o@fhedhi@iila: 0. 9: 1 to about 1:1
nol ar equi val ence of am no-aromatic pol yam ne conpound
to grafted copoly - wgt er nedi at e(s). The di esel
fuel conpositi q e invention conprises a mgjor
portion of a mddkexistillate fuel oil boiling in
the range of from about 340F to about 620F. Diese
fuels containing | &s thapagbout 500 parts per mllion
(ppm sulfur are generally regarded as |ow sulfur

di es@) ahi@8bsitmidie o ARtfogthgPer sant additive of this
invention is 10 advant ageously added to a diesel fue
in an anount suffiaiggnt to replace at |east part of

t he soot dispersaﬁghgdditive present in the crankcase
oil as the latter itive is consunmed during diese
engi ne operationy In dg&neral, the diesel fuel wll

. to about 5,000 ppm and

) ppmto about 2,000 ppm of
the soot disp dirti ve. 15 The soot di spersant
addi tive can, i ] =0, be conbined with a suitable
diluent, e.g., an aromatic hydrocarbon such as
wtheleineR espogsenty Hemren afkyl mdichldasigig iftobrohtd abotihet domas el
fuel. The diluent when utilized can be present in the
di spRarGanirpsteicticd Bl-4AFRaS chtdanings ardhaount of
e.g., fromabout 20 to about 50 wei ght percent and

pRESTAEAN N dathil, BPBURle, REpHohAM ARRLH:yIZRdlBniAD Bbh3F1-1,3-

wei ght "percent.
phenylenediamine, N-phenyl-1,2-phenylenediamine, N-naphthylphenylenediamine, N-

preferably fro

phenyl-naphthalenediamine and N'-aminopropyl-N-phenylphenylenediamine. Additional
useful amines include aminocarbazole, aminoindole, aminoperimidine and
aminomercaptotriazide.

The reaétion between the copolymer intermediate(s) having grafted thereon
carboxylic acid acylating functionality and the amino-aromatic polyamine(s) can be
effected by heating a solution of the polymer substrate under inert conditions and then
adding the amino-aromatic polyamine(s) to the heated solution generally accompanied by
nnxmg It is convenient to employ an oil solution of the copolymer heated to within
about 140°C to about 175°C while maintaining the solution under a nitrogen blanket.

The amino-aromatic polyamine reactant(s) is added to this solution and the reaction is

13
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20 The diesel fuel conposition of the present

i nvention can al so contain one or nore other
additives in addition to the soot dispersant additive.
These additional additives include, but are not
limted to, detergents, cetane inprovers,
antioxidants, carrier fluids, netal deactivators,
dyes, markers, corrosion inhibitors, biocides,
antistatic additives, drag 14 reduci ng agents,

denul sifiers, dehazers, anti-icing additives,

~ chrvibd blﬁtltﬁlﬁeraﬁ@aﬂ')ieﬂ@téd cor@niBaY Sk géﬁel’an”ﬂfe%ﬁﬁ(ﬁamﬁiﬁﬂc f)(ﬁl?amme

i ke, in known and conventional anounts. The foll ow ng

cOfounl Tt b\ ZaRX BRI B8 AR 'cbﬁdlﬁhéﬁﬁﬂeﬂﬁed@ite(ﬁﬁﬁ a%tﬁﬁﬁ* about
fuel conp03|t|on of the present invention.

tq. .
08 RRREA Bhof @ﬁc%%%?ﬂ%%%%ﬁgﬁo 5@%‘%’-%& (0 about
P hydride.10.To a 1 er..cvl Lndric
TSR o RN e Sy e oo & P s e
|ner§ %§$vent) and 70 grans ethylene propyl ene
(nunber average nol ecul ar wei ght of 57, 000)

grafted with 3.61% nmal ei ¢ anhydride (2.52 grans). The

m xt theedigash fueheomnesitipr ofthe B VERERIrCORPRpYSAgR@AF portion of a

at nosphere and stirred until dissolved. N-phenyl -p-
i disidinsaifuaheihleoilfuz 1g thprramngs)oflosn shdded 08K &b abh)et FAOXE .uPeesel
was heated to 160C under a 15 Dean-Stark noisture
fisbpanaingrg lesfhbant bopei0f patepavasilivai(pira)l sutfdr at gdt@dyfregarded
3 hours, and then checked by Infrared spectroscopy to
avlewi shifuicdiesel k. Thaset Sisgorsant addieve diliy thveitntio t he

i mde. Additional increnents of

adNap gkl RAMHE0 ¥ deRadhad M ALarbSimf suffitieiBo réplabe Gf BEB part of
0. 65 grans) were added, each followed by a 3 hour

ﬂﬁ%@&t'cﬁ@eﬁﬂt'aﬁﬂt@é prestlife: thea&gnléa%%ﬂ 45l b @R d@ive is consumed
reacti on conpletion by infrared spectroscopy. In or der

dl'irﬂlg diesel engine operation. In general, the diesel fuel will contain from about 50 ppm
to about 5,000 ppm and preferably from about 100 ppm to about 2,000 ppm of the soot
dispersant additive.

The soot dispersant additive can, if desired, be combined with a suitable diluent,
e.g., an aromatic hydrocarbon such as toluene or xylene, prior to addition to the diesel
fuel. The diluent when utilized can be present in the dispersant additive composition in
an amount of, e.g., from about 20 to about 50 weight percent and preferably in an amount
of from about 25 to about 35 weight percent.

The diesel fuel composition of the present invention can also contain one or more
other additives in addition to the soot dispersant additive. These additional additives

include, but are not limited to, detergents, cetane improvers, antioxidants, carrier fluids,

metal deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives, drag

14
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20 prepare solvent free product for analysis, half of
the reaction m xture was poured into acetone (3
liters) with vigorous stirring to precipitate the
product as a rubber. The precipitated rubber was
washed 2 tinmes with acetone (3 liters, 3 liters) then
filtered and dried overnight in a vacuum oven at
105C. 15 EXAMPLE 2 The di esel engine test study
described in this exanple was carried out in order to
eval uate the capability of the soot dispersant

. ré@tiding iayénts BerinlilbiSieds A Rtk Bntl-irdCRdMvEQ tibricity addit@ves,

lubricating oil in the crankcase during engi ne

cORBlisAbh @hproverd RAd R $Hke fiH RhoWndPeoh ANl hbuRase
di esel fuel containing 309 ppm by wei ght of the soot

di SpPehSRMbwaEdIhiIKGHR] SR at AP & e didPrfePSt
g ol was a Slﬁ% e bfen@

| ubricatin of a sol vent
tal Qi 1 (:SNO..150) containing 1.2 wei ght

Cg@?‘%sétﬁ%n Oofthezqr%gm laYeélP I§/‘I di t hi ophosphate (as an

antiwear additive) such that the oil's phosphorus

content equal ed 0.101 wei ght percent. 10 The test

engi ne was a Honda di esel generator Model HRL 5500.

The testing nethod was 16 StepProcedure

I A double oil flush was perforned as follows: a)

SNO- 150 Hré¢naetion pf DispersaptAghexidans fiopeEthylene-Rgpylene
(appr oxi neemrilyng G1aRedk\yith 3.6yt Pereerd Mpalsie Anhglrglear t ed
and run at idle for approximately 3 m nutes.

To a 1 liter cylindrical reaction flask was added 513 grams of ShellSol AB (an
inert solvent) and 70 grams ethylene-propylene copolymer (number average molecular
weight of 57,000) grafted with 3.61% maleic anhydride (2.52 grams). The mixture was
heated to 110°C under a nitrogen atmosphere and stirred until dissolved. N-phenyl-p-
phenylenediamine (2.6 grams) was added and the mixture was heated to 160°C under a
Dean-Stark moisture separator. The temperature was maintained at 160°C for 3 hours,
and then checked by Infrared spectroscopy to verify complete conversion of the
anhydride to the imide. Additional increments of N-phenyl-p-phenylenediamine (0.7
grams, 0.7 grams, 0.65 grams) were added, each followed by a 3 hour heating period at
160°C, and a verification of reaction completion by infrared spectroscopy. In order to
prepare solvent free product for analysis, half of the reaction mixture was poured into
acetone (3 liters) with vigorous stirring to precipitate the product as a rubber. The

precipitated rubber was washed 2 times with acetone (3 liters, 3 liters) then filtered and

dried overnight in a vacuum oven at 105°C.

15
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c) Engine speed was increased to full throttle (no

| oad) for 15 mnutes. d) The engi ne was shut down. e)
A vacuum bottle was used to renove oil fromthe
crankcase. f) The drain oil was discarded. @)
Procedures (a) through (f) were repeated. 2The test
fuel tank was drained, flushed with approximtely 1
quart of Howell LSRD fuel, drained again and the

drai ned fuel discarded. 3The test tank was filled wth
test diesel fuel and the weight recorded at the start
of the test. 4The test d@Xax@pproxi mately 0.750 kg.)

- was wei ghed to the full mark and its exact wei ght

r ecorngediesed IBnaRdisRAy WeSrivddah e sipROwsh @@t flber to
tank. 6A 1500-watt heater was turned on and operated

LTS S T R TR
tltieallﬁgnncati§g Qﬁ inetﬂgti:rggkc\éls%sdug'iﬁg eI];glorrxe ()1p5erartr1jorrP.Ut es.

The test fuel was a low sulfur base diesel fuel containing 309 ppm by weight of
the soot dispersant additive prepared in Example 1. The test lubricating oil was a simple
blend of a solvent neutral oil 150 (SNO 150) containing 1.2 weight percent of zinc
dialkyldithiophosphate (as an antiwear additive) such that the oil's phosphorus content
equaled 0.101 weight percent.

The test engine was a Honda diesel generator Model HRL 5500. The testing

method was as follows:

16



9The EBP was adjusted to 25 inches H20 and 3 Bosch
Snoke readi ngs taken. 10RPM exhaust gas tenperature,

| oad, intake air tenperature, fuel weight and Bosch
Snoke readi ngs were recorded once per hour. 11The
engine was run for 3 hours or until |ow fuel caused
cycling, then shut down. 12A vacuum bottle was used to
renove |ubricating oil fromthe crankcase. 13The drain
oi | was wei ghed and the wei ght recorded. A one ounce
oi | sanple was collected and | abel ed. 14The fue

~weight was recorded at the end of the test. The _
remai ning test fuel was drained. 17 .. . At the end of
the engi ne regl, the—sanpte-of prwgadlgatl Mg —or i S

exam ned [by —Tyifrar -‘g@{ﬁﬁé& H%b‘ﬁérfb IR mAL

whet her tlhe soot. di$ e
i ntroduced into the %(aﬁﬁdﬁ élméé%%gegil n tqulg

lubricatiing oil in { bﬁffféreﬁé?m%aﬂe-ﬁ%dﬁnaﬁme}br
resolutign infrared §£@&&ﬁ@g}y@§m@§qU|red from4p00 to

600 cm 1jusing a 1.0QcyMRele RRbOLRRGEAsH iPna Mrsgé on
cel I'. Sugcini m de bap@d3cddn@} cahinmes. of the presenge of
the soot | di spersant dgri@ichdivevidgifveddwaund at 1704| and
1780 cm 1 in the infeasedudh bl eReedspeabiddl EXAMPLE
3 A vehigle test studymwesrfbaducted to denonstrate
the long|term fuel e§ahetin oil was discarded.

g) Procedures (a) through (f) were repeated.
2 The test fuel tank was drained, flushed with
approximately 1 quart of Howell LSRD fuel,
drained again and the drained fuel discarded.

(D

n

3 The test tank was filled with fest diesel fuel
and the weight recorded at the start of the test.

4 The test oil {(approximately 0.750 kg.) was
weighed to the full mark and its exact weight
recorded.

5 The engine was started using the test fuel
tank.

6 A 1500-watt heater was tumed on and
operated for 5 minutes.

7 Exhaust back pressure (EBP) was adjusted to
25 inches H,0 and a Bosch Smoke reading
taken.

8 The engine was run for 15 minutes,

9 The EBP was adjusted to 25 inches H,O and 3
Bosch Smoke readings taken.

10 RPM, exhaust gas temperahure, load, intake

air temperature, fuel weight and Bosch Smoke
readings were recorded once per hour.

11 The engine was run for 3 hours or until low
fuel caused cycling, then shut down.

12 A vacuum bottle was used o remove
lubricating oil from the crankcase.

13 The drain o1l was weighed and the weight

recorded. A one ounce oil sample was
collected and labeled.

14 The fuel weight was recorded at the end of the
test. The remaimng test fuel was drained.

* % %
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10 performance advantage of a diesel fuel conposition
contai ni ng soot dispersant additive of this

i nvention. The di esel powered vehicles used in this
test study are listed in Table | below. Table 1: Test
Vehi cl es 15MakeModel Year Engi ne Vol kswagonJett a20011. 9L
Chevrol et R1O (light 19876. 2L truck) 20The purpose of
the test study was to determ ne whet her the soot

di spersant additive would help to maintain the
condition of a diesel's engine oil such that the

vehi gt g end tifthe BG9MOEY, GBaMALE 6l5kda68g VI Wadl clnined by
retai ned, and not degrade, over the course of the.

ifffakedhaitispcbB e t L QRS hRlebMether MW s8R RPErsAR LM%Y thaf hddRen
soot dispersant additive to the lubricating oil in

iR GHHHS BRYRel 1R b ERAR h A RHOUS LY ihs BARKEEE Mhe 4
1#&%“25 sootgg?spe35|ng caﬁagﬁiy o? %%e 5%% uring t g
aryj ce rdod 1t is ex ] th h [ a ver

Ay G L L T e e
spot di sper.sant additi.ve. i ppart .a l.ubricant

s r@Rhe afousadl Db Bt b RS ot HhiFdiece the soo
viscosity.increase. To that end, several m|eage
diseceam P‘iﬂgti“'&ﬁ"’@cf% Erind e P04 g 1 T Cosmfigred ks spectrum.
sinmulator to anass service mles on the vehicles'
respective oil charges. The reference 5 fuel was a

g ' | ow sul fur diesel fuel blended with a detergent. The

| ' test fuel contained the KhkPblse fuel and detergent

package, as well as the 309 ppm of the soot dispersant

addi AiwkicleftesExtadpives dondéctbdmy ddinsperagahe JonSAkrml fibYe3Bnomy

passenger car notor oil was

10 performance advantage of a diesel fuel composition containing soot dispersant additive of

this invention. The diesel powered vehicles used in this test study are listed in Table 1

below.
Table 1: Test Vehicles
15 Make Model Year Engine
Volkswagon Jetta 2001 1.9L
Chevrolet R10 (light 1987 6.2,
truck)
20 - The purpose of the test study was to determine whether the soot dispersant

additive would help to maintain the condition of a diesel's engine oil such that the
vehicle's fuel economy characteristics would be fetained, and not degrade, over the
'course of the oil drain. The consistent, low dosage delivery of the soot dispersant
additive to the lubricating oil in the crankcase is intended to continuously supplement the

25 soot dispersing capacity of the oil during the service period. It is expected that the more

18
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chosen for the evaluations in order to inprove the
vehicle tests' discrimnation. After the oil had been
effectively "aged" on the road simnulator, the
vehi cl es' end- 10 of-service-interval fuel econony was
tested on a chassis dynanoneter using the EPA-75 Cold
Start Cycle and the H ghway Fuel Econony Test (HWFET)
Cycle protocols. Em ssions were neasured and fue
econony cal cul ated for each vehicle using the carbon
bal ance nmet hod as prescribed in the Code of Federa

. sReguthatdod RRding R grediet {he pd@ntial e theeibot G @Gt MRItB/eUS Bbart

to define the city (EPA-75) and hi ghway fuel econony

alibrid B Geftimaneybareh 16/ c%nfré‘lﬁhg %@E’r&ﬁ)ﬁtéﬁ&ﬁ@cb&tﬁﬁéﬂe&@
The EPA-75 cycle consists of m | es of driving at

an ay\g £ 9@11(15 &%ﬁl fite a@cmatfﬂ»ﬁ%s B Ry §l?tq.ﬁg1§%]froad
e EPA—7 test cyc ata are grap

i%aﬁ%grn[% %massn FI ?es on ﬂg;ehx?ehl'ﬁ%'sf resgegtwe oil c% rg? 5ghe r%fer%lce

ifng at an aver

and a x .nph The ET result
i s et E%EE}EIF%B i %eﬂé%% ot o1 cgEBRETe

testing was also performed on a C ayton chassis

sefybase sl &1d deferecob Rpckiags powelhns the 20 Bhlbepal disgrrsant

bench utilizing a constant vol une sanpling (CVS)

agghtive offizempleclo b tav disereat e Bl 0W-30 pasegresiappwgtor oil was

anal ysis using the carbon balance nethods outlined in
chdsen CF Bherevhlontiad in ordabtovmeproBe fhevehit ek ety diserimisatoors

data on the test 19 vehicles, the engines were run for
one A@erthabil hed vazh effectvelyoapddh en did roahsimuitagon sttt sehiciss’ end-
fluid tenperatures to stabilize. Once a vehicle was

of-kdrbi¥e ik 0@ Gudl Reorohy veAatstAlonQthasRANANESmBEORihg thEBPA-75
one day test protocol consisted of one EPA-75 cycle

Cfofd ét%\@gjclgﬁnd {h\é@hwg-ﬁﬁlel ﬂ-&ﬁoﬁy qreﬁgﬁ E'lghﬁr%rcle OMETS
ta c

is the feported result. 5 Vehi ect'ed using

AN P S Ao
bgli;m:?c% me a%tas%gedslcrtﬂl)e\éiem ﬁlfe éolag 01“ Igé/d%ratl kggula {ons (CFR), Title 40.

The test cycles were used to deﬁﬁe the city (EPA-75) and highway fuel economy
used for new vehicle fuel economy certification. The EPA-75 cycle consists of 11.1
miles of driving at an average speed of 21.3 mph and a maximum speed of 56.7 mph.
The EPA-75 test cycle data are graphically presented in Figure 1. The HWFET cycle
consists of 10.2 miles of driving at an average speed of 48.1 mph and a maximum speed
of 60 mph. The HWFET test results are graphically depicted in Figure 2.

Fuel economy testing was also performed on a Clayton chassis dynamometer in

conjunction with a Horiba emissions bench utilizing a constant volume sampling (CVS)

“unit. Fuel economy was calculated via emissions analysis using the carbon balance

methods outlined in the CFR referred to above. Before taking emissions data on the test
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shown in Tables 2 and 3. The wei ght percent soot in
the used oils is also included. Table 2: VWJetta Test
Dat a Fuel and Lubricant TestedM | eageW. # Soot EPA-75
npgAver age HWFET nug Fuel : Low Sul fur Base D esel Fuel
+0033. 2050. 78 Detergent only GO l: New SAE | OW 30
96590. 5033. 5450. 53 Fuel: Low Sul fur Base Di esel Fuel +
Detergent only GOl: Aged SAE | OW¥ 30 0032.9150. 40
Fuel : Low Sul fur Base Di esel Fuel + Detergent + 309
ppm Exanple 1 G l: New SAE | O¥ 30 96510. 6032. 9049. 84

- vEhi€lks, tHeaivgiDad fvike ridafe ohd Bseht Fuabh th ADBtvahgein hndHra@ission

ppm Exanple 1 QG l: Aged SAE | OWM 30
fluid temperatures to stabilize. Once a vehicle was fully warmed up, the evaluation

sequence began. The one day test protocol consisted of one EPA-75 cycle followed by
two HWFETs. The average of the two HWFETs is the reported result.

Vehicle data collected using the new oil, and the aged oils that had been subjected
to the reference fuel and the fuel containing soot dispersant additive of the invention are

shown in Tables 2 and 3. The weight percent soot in the used oils is also included.

Table 2: VW Jetta Test Data

Average
Fuel and Lubricant Tested Mileape Wt.# Soot EPA-75mpg HWFEET mpg
Fuel: Low Sulfur Base Diesel Fuel + 0 0 33.20 - 50.78
Detergent only
Oil: New SAE 10W-30
Fuel: Low Sulfur Base Diesel Fuel + 9659 0.50 33.54 50.53
Detergent only
Oil: Aged SAE 10W-30
Fuel: Low Sulfur Base Diesel Fuel + 0 Q 3291 50.40
Detergent + 309 ppm Example 1
Oil: New SAE 10W-30
Fuel: Low Sulfur Base Diesel Fuel + 9651 0.60 32.90 49.34
Detergent + 309 ppm Example 1
Oil: Aged SAE 10W-30
Aged Oil Fuel Economy Change : -1.91% -1.37%

When Vehicle is Operated with Fuel
Containing Example 1
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-1.91% 1. 37% Aged QG| Fuel Econony Change Wen Vehicle
is Operated with Fuel Containing Exanple 1 10 20

Tabl e 3: Chevrolet R10 Test Data Average Fuel and
Lubricant Tested M| eage W. # Soot EPA-75 npg HWFET
npg Fuel : Low Sul fur Base Diesel Fuel + 0 0 18.60
25.28 Detergent only Ql: New SAE | O30 Fuel: Low
Sul fur Base Diesel Fuel + 7379 3.70 18.10 24. 44
Detergent only G l: Aged SAE 10W 30 Fuel: Low Sul fur
Base Diesel Fuel + 0 O 18.67 25.41 Detergent + 309

~ppm Exanple 1 Q| TaNeyy Giolet @ 3@stidied - Low Sul fur

Base Di esel Fuel + 6952 3.40 19.03 26.30 Detergent +
309 ppm Exanple 1 O1: Aged SAE 10W30 Aged O | Augbe

HGEI0N® MYbrichANe@d+5. 14% +14iBd% Wt #Soot EPA-75mpe HWFET mpe

Fuel: Low Sulfur Base Diesel Fuel + 0 0 18.60 25.28
Detergent only

Oil: New SAE 10W-30

Fuel: Low Sulfur Base Diesel Fuel + 7379 370 18.10 24.44
Detergent only

Oil: Aged SAE 10W-30

Fuel: Low Sulfur Base Diesel Fuel + 0 0 18.67 25.41
Detergent + 309 ppm Example 1
Oil: New SAE 10W-30

Tuel: Low Sulfur Base Diesel Fuel + 6952 3.40 19.03 26.30
Detergent + 309 ppm Example 1
Oil: Aged SAE 10W-30

Aged Oil Fuel Economy Change +5.14% +7.61%

‘When Vehicle is Operated with Fuel
Containing Example 1

Regardless of the fuel used, the VW Jetta generated very little soot by the end of

each ~9650 mile test on the road simulator. At approximately 0.5 weight percent end-of-
test soot, the engine oil was not severely stressed with respect to soot loading.
Consequently there was little opportunity for the dispersant fuel additive to have an effect
on the lubricant's performance, and the Jetta's fuel economy results were not strikingly
different when operated on the aged oils that were exposed to the reference fuel or the

test fuel containing soot dispersant additive of the invention.

In contrast, the long-term fuel economy benefit derived from using the fuel

dispersant additive over the extended drain interval was substantial in the case of the high

soot producing light duty truck. The Chevrolet's end-of-test soot levels were consistently
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When Vehicle is Operated with Fuel Containing Exanple
1 Regardl ess of the fuel used, the VWJetta generated
very little soot by the end of each -9650 mle test
on the road sinulator. At approximately 0.5 wei ght
percent end-of- 5 test soot, the engine oil was not
severely stressed with respect to soot | oading.
Consequently there was little opportunity for the
dispersant fuel additive to have an effect on the

| ubricant's performance, and the Jetta's fuel econony

- greAsUhiS3 Wer, gﬁt Ptend t 1 iReE Yhe dHial dhehiRAtfoMAE Rew? RES Ale8Dils

on the age I's that were exposed to the reference

e)fgg%d t8'the r@%ren& Efk (]; 1t a%ﬁggr@‘glgﬂ 8 c%ﬁ&htrgt'lcﬁlp& 5& Qltepleted the

trve o e |n n contrast

04 @ﬁate a?omggpgrglﬁg %gaglgr%/?rgl:tﬁ 51 #ectoﬁcrémi)e( the RS cla %lecrgases eWhen

! thi)s?vt g{?{ﬁ Wy qpprgﬂﬁakik%St %g)}ollx%{}ﬂf%(ly 7&@%11@};2 tg{e ée{sp §161 co%tamn?go sootot

end-of -t est soot |evels were consistently 21 greater
digpeasaniadgitivgief thedrcaten, thesans sonerytretien way Ailleneakir dsg ¥ weight

the new and aged oils exposed to the reference fue
pageeng bui the &pﬁpe@ngrrwhara@tmsﬁcmﬁtb@ eitgieet dibyerg retaipet.

depleted the oil's innate soot dispersing capacity
Faatigrtidre, thelélel ecomapyf G agdicivahiadlies et depsest addier ‘

this vehicle was operated for approximately 7000 mles
infRoded@ytsesits, fniké ERAIMSaAleR dy8leS00 .69k SiReH BARET ralddid fouBe

of the invention, the soot concentration was stil

full @Bh&hy o arenoNe dined 76! 166 Dded dAHxpbRE 16 HEdrerRE GNP Aone.

characteristics of the engine oil were retained.
Af é’t[chh@ fs%ﬁ@vedtﬂlﬂﬁ tﬂe%%wl? %M&Wm&gddch&l Qﬂl‘ﬁg ARl hls%ersant 1:11_1}10 /the

contalnlng soot |spersant ‘additive |nprove

eﬂlgé}te ol @D@ SZ{E%;‘[ %tlu‘t?r %t% v‘?sr(]:ngtn%g' ()/@){f&altl fl? é_ril\é'bi)’t:f&e 7080 mile

ativ fue onony fneasur ene
ed to reference fuel al.one.

ed oil 10.
eyt HPEop Ginipa S BO BT & Gy s BEE imviion
|ntroqyct|on of the fuel dispersant_into the
was marked with significant fuel economy maintenance benefit.
While the above description contains many specifics, these specifics should not be
construed as limitations of the invention, but merely as exemplifications of preferred

embodiments thereof. Those skilled in the art will envision many other embodiments

within the scope and spirit of the invention as defined by the claims appended hereto.
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engi ne oil hel ped sustain the lubricant's

vi sconmetrics. Overall, the end of the 7000 mle test

on di esel fuel containing soot dispersant additive in

accordance with the invention was nmarked with

significant fuel econony maintenance benefit. Wile

t he above description contains many specifics, these

specifics should not be 15 construed as |imtations

OELgﬁﬁg nvention, but nerely as exenplifications of
enbodlnents thereof. Those skilled in the

art W I £ thP many. ot her enbodi ts w.thin_the
scope SIRAFHIN foEmTIS g 2 Sigeivernapusy of spet
clalns aﬁgﬁnded hereto. 22 CLAIMS: | . A diesel fue
jtivowhich &5 nepnotymedrfod ctilencanda il - 6o slpbe-
d|spersant additive which is a copol yner of ethylene

amdneol&in hav@ihgh alpbear-averge alodddutar baidhn gangingUuidig about 5,500 to
aver age nol ecul ar wei ght rangi ng from about 5,500 to

SathieEd, 000 o0 Ui Bha¥Be&erBRsd Qﬁ&ﬂyl%l@ﬁﬁ)ﬁﬂls%rated carboxyhc acid
ethylenlcally unsaturated carboxylic acid and/

Bf}bé@ﬁ a:nﬂgdﬁc;%erfégrrg%foz)b rﬁilé Hlﬁo O?Hdl%]as? fab ! Serﬁﬁfecﬂgg ?1‘ l?c%&yhc

acl unc ons per

o PR Sl e b TS e v

selected fromthe group consisting of 10 (a)

NeLdPapt prcATyinerEumaie nedyasting rempeinduckectodifioneihe gtour s
aromatic and RL is Hor -NHaryl, -NHarylalkyl, a
becomashimgloor strai ght chain r adi cal havi ng from4 to
about 24 carbon atons that can be al kyl, alkenyl,

al kOXyda)Naz[@lphyﬁyléﬁeHﬁtheof‘ﬂﬁélfm kyl or aninoal kyl ;
R~ is -NH2, -[NH(CH2)n-]m 15 NH2, - CH2-(CH2)n- NH2,
-CH2- aryl - NHQ aryl -NH2 gn which n and in each

i ndependently has a val pe o RF to about 10; and,
R is Hor an al gyl,, al ken (:::fgi
R2

wherein Ar is aromatic and R' is H or -NHaryl, -NHarylalkyl, a branched or straight
chain radical having from 4 to about 24 carbon atoms that can be alkyl, alkenyl,
alkoxyl, aralkyl alkaryl, hydroxyalkyl or aminoalkyl; R? is -NH,, -[NH(CHa)n-]n-
NHy, -CH;-(CH,),-NH,;, -CH;-aryl-NH,-aryl-NH; in which n and m each
independently has a value of from 1 to about 10; and, R? is H or an alkyl, alkenyl,
alkoxy, aralkyl or alkaryl radical having from 4 to about 24 carbon atoms,

(b) aminocarbazole of the formula:

Cpes
R qu R!
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al koxy, aral kyl or alkaryl. radical having from4 to
about 24 carbon atons, (b) am nocarbazol e of the
formul a: 23 wherein R and Rl each i ndependently
represents H or an al kyl or al kenyl radical having
from1l to about 14 carbon atons, (c) am noi ndol e of
the formula: NI H5 wherein Rrepresents H or an
aIkyI radi cal havi ng fron11 to about 14 atons, (d)

oEFALE MRl AP S AL G R

. ot | f the f la: HS .
1 a‘ﬂngrN{’ﬁi)tP PR et noper  m di ne of the

formul a; NH2 wherein R regbesents H or an al kyl
r adi ca(c)hlaiﬂoﬁgi‘f)ier‘éﬁﬁ‘l qauibout 14 at ons. 24

N

H
5 wherein R represents H or an alkyl radical having from 1 to about 14 atoms,

(d) amino-indazolinone of the formula:

wherein R is H or an alkyl radical having from 1 to about 14 carbon atoms,

(e) aminomercaptotriazole of the formula:

=
|

10 H , and

NH,

(f) aminoperimidine of the formula:

NH;

BN

N NH

@S

wherein R represents H or an alkyl radical having from 1 to about 14 atoms.
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2. The diesel fuel conposition of claim1, wherein the
copol ynmer is obtained .. by copol ynerizing ethyl ene,
C3-C10 al pha-nonol efin and at | east one nenber
selected fromthe group consisting of nonconjugated

di ene and nonconjugated triene. 5 3. The diesel fue
conposition of claiml or claim?2, wherein the C3-CIO
al pha-nmonool efin is propylene. 4. The diesel fue
conposht rpn df?agel (i"ll.lé 'cp}gﬁgsiﬁ%sédlﬁxﬁg %J]%?éh? gh%fcu lgﬁpy%ler is obtained

nmonool €fin IS propy rese

RERGR ek e Ly o abiap e ana o lsest e Erebets

anhydride is maleic anhydride. 6. The diesel fuel ]
celgsdad fromthogroup gonsirting pf noncopivugeted disge endinensonjugated triene.
wherein 15 the at | east one am no-aronatic pol yam ne
compound is an N aryl phenyl enedi am ne. 7. The diese
fuel conposition of claim®6, wherein the

N-aryl phehy iRee f6él @BinPesitién of claim 1 or claim 2, wherein the C3-Cq
N- phenyl - p- phenyl enedi am ne. 20 8. The diesel fue

aﬁ' Qﬁk%bﬁﬁﬁﬂﬁsﬁﬁﬁﬂaﬁ? of the precedi ng cl ai s,

rein e et eni cal |y unsaturated carboxylic acid
and/ or anhydride thereof is grafted onto the copol yner
inaratio of fromabout 1.8 to about 5 nol ecul es per
nol ecul e_of _ copolymer. 25 9. The diesel fue
conpostt TBHdigel fpg) compositionoiglaim 3, wherem theer€iodlnbae
et hyl eni cal | y unsaturated carboxylic acid and/or
amoyell¢fieisttnepydafe. i s grafted onto

5. The diesel fuel composition of any one of the preceding claims, wherein

the ethylenically unsaturated carboxylic acid anhydride is maleic anhydride.

6. The diesel fuel composition of any one of the preceding claims, wherein
the at least one amino-aromatic polyamine compound is an N-

arylphenylenediamine.

7. The diesel fuel composition of claim 6, wherein the N-arylphenylene-

diamine is N-phenyl-p-phenylenediamine.

8. The diesel fuel composition of any one of the preceding claims, wherein
the ethylenically unsaturated carboxylic acid and/or anhydride thereof is grafted
onto the copolymer in a ratio of from about 1.8 to about 5 molecules per molecule of

copolymer.
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the copolyner in a ratio of fromabout 2.25 to about 4
nol ecul es per nolecule of 5 copolyner. 10. The di esel
fuel conposition of any one of the precedi ng cl ai s,
wherein the nunber average nol ecul ar wei ght of the
copolynmer is from about 6,000 to about 20,000. 10 11.
The di esel fuel conposition of any one of clains 1 to
9, wherein the nunber average nol ecul ar wei ght of the
copolymer is fromabout 7,000 to about 15,000. 15 12.
The di esel fuel conposition of any one of the

_precedj ng, clai wher ei.n am ng-aronmntic
pol yan'J? nihg %ﬂ?ﬁ@r@ﬁé%m%%% i00f of ames b {derein the

containing the grafted carboxylic acid function in a

r gthylenistllapnsaturgedearbexyliglsodtand/ot anhydnidg thereodig graftederto
of am no-aromati c pol yam ne conpound to copol yner
cthntcapalymgr infeeratig bifrimdiboar hax i dbousd hibldeules peranoledile of
13. The diesel fuel conposition of any one of clains I
t @pblmmepherei n the amino-aromatic pol yani ne conpound
is reacted with the copolynmer containing the grafted
carboxylic acid function in a ratio of about 0.9:1 to
about 1:1 nol ar 26 equivalence of am no-aromatic

pol yam conmpoupd,to co r cont ai.ni n raft

Cor boxhi+ EUPaH Fish oo sk ot P B o, Wherein
conposition of any one of the preceding clains,

vibe namker ayerage nclprilay esight o1 HistcapplaEen is fep ebgug109ite gbout
et hyl ene and propyl ene, the copol yner
20,000.

11. The diesel fuel composition of any one of claims 1 to 9, wherein the
number average molecular weight of the copolymer is from about 7,000 to about

15,000.

12. The diesel fuel composition of any one of the preceding claims, wherein
the amino-aromatic polyamine compound is reacted with the copolymer containing
the grafted carboxylic acid function in a ratio of about 0.5:1 to about 1.1:1 molar
equivalence of amino-aromatic polyamine compound to copolymer containing the

grafted carboxylic acid function.

13. The diesel fuel composition of any one of claims 1 to 11, wherein the
amino-aromatic polyamine compound is reacted with the copolymer containing the

grafted carboxylic acid function in a ratio of about 0.9:1 to about 1:1 molar
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is grafted with mal ei c anhydride to provide carboxylic
acid function and the grafted copolyner is reacted

wi th N-phenyl - p- phenyl enedi ami ne. 15. The di esel fuel
conmposition of any one of the preceding clains,
wherein 10 the diesel fuel contains |ess than about
500 parts per mllion of sulfur. 16. The diesel fue
conmposition of any one of the preceding clains,

A P oo bRl oo PRRL Shrb iR W pnRP B e

fuel conposition of any

5,000 ppm_ 15 17.. The di esel
ogrgggquggl%y apid fgndien. \herein the effective anount

of the soot dispersant additive is fromabout 100 to
about 2,000 ppm 20 18. The diesel fuel conposition

of any one of the preceding clains, containing at

| east bheTlotdiesel flicks@hpdsitain afdholytonw ef the prec@dinglebaims, wherein
di esel fuel conposition of any one of the preceding

CthaicHBol ym6:0is oBialted %y%pbl?ﬂﬁﬁzﬂ@%ﬂﬁllaﬁ rand ipPsptenkUBk copolymer
additive selected fromthe group consisting of other

SQOtartla SRR B3Rl A8 3&&%%%0\;18@ Sﬁrg%[}?il%ﬁcg?ﬁﬁg)tnaa[nd the grafted

I rovers, antioxidants, “carrier

deactivators e rkers,, corrosion inhibitors,
Srepast < e bR PR pcnBEleh i Recduct ngagent s,
demul sifiers, dehazers, anti-icing additives,

lubricity additives, combustion inprovers and

m xtures thereof. 20. A nethod for inproving the fue
econondp. oFheadickicbfel canppsiteonfiapl ond Of the pprcediag claims, wherein
operating the diesel engine with a fuel conposition

cthodidssli g confain 168 jten IS0 Rirtsdpedingltieh of sgfurand (b)
a mnor fuel econony inproving effective

16. The diesel fuel composition of any one of the preceding claims, wherein
the effective amount of the soot dispersant additive is about 50 parts per million

(ppm) to about 5,000 ppm.

17. The diesel fuel composition of any one of claims 1 to 15, wherein the

effective amount of the soot dispersant additive is from about 100 to about 2,000

18. The diesel fuel composition of any one of the preceding claims,

containing at least one other diesel fuel additive.
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anmount of a soot dispersant additive which is a

copol ynmer of ethylene and a C3 - CL0 al pha-nonool efin
havi ng a nunber average nol ecul ar wei ght rangi ng from
about 5,500 to about 60,000 on which has been grafted
an ethylenically unsaturated 15 carboxylic acid and/or
anhydride thereof in the ratio of at |east about 1.8
nol ecul es of carboxylic acid functions per nolecul e
of said copolyner which is then further derivatized
with at | east one am no-aromati ¢ pol yam ne conpound

Raryl Pheladretih g °c§%f$§a$%¥ﬁ%p§&é@&%ﬁeggaﬁnm

is aromatic and R is H or -NHary - NHaryl al kyl , a
beaatripiag ableas vpa Pt diesrdifuel ﬁé@tlwselm figmfthogionp consisting
about 24 carbon atons that can be al kyl, al kenyl, 28
abfkaixarlspotatisgiekspht aldikarey, detdnyahits) x@tailaiy{ﬂapmvera,rﬁnﬁoﬂldmk,;caxﬁer
R2 is -NH2, -[NH(CH2)n-]m NH2, -CH2-(CH2)n- NH2,

- fids, A 1-ddkE vators, MR nid?kéfﬂﬁ”cﬁﬁoﬁoﬁﬂﬂulf&cﬁﬁ%ﬁbmdes antistatic
|ndependently has a val ue of from1l to about 10; and,

dllt‘Rfe (ﬂ{i g ca@hg}% ntéald f}lers ﬁlellf%gu f f?él@%dd@ﬁves lubricity

ary i ng to a
an1nocarba f roula: NH2 N H 10
V&P@ﬁi‘fieﬁ C@‘f@ﬁaﬂ%@m‘fﬁ% it f§reoBor esont s 1 or an
al kyl or al kenyl radical having froml to about 14
carbon atons, (c) am noi ndole of the fornul a:

20. A method for improving the fuel economy of a diesel engine which
comprises operating the diesel engine with a fuel composition comprising (a) a
major amount of a diesel fuel and (b) a minor fuel economy improving effective
amount of a soot dispersant additive which is a copolymer of ethylene and a C; - Cy
alpha-monoolefin having a number average molecular weight ranging from about
5,500 to about 60,000 on which has been grafted an ethylenically unsaturated
carboxylic acid and/or anhydride thereof in the ratio of at least about 1.8 molecules
of carboxylic acid functions per molecule of said copolymer which is then further
derivatized with at least one amino-aromatic polyamine compound selected from the
group consisting of:

(a) N-arylphenylenediamine of the formula:

I : : R’
RZ

wherein Ar is aromatic and R' is H or -NHaryl, -NHarylalkyl, a branched or straight

chain radical having from 4 to about 24 carbon atoms that can be alkyl, alkenyl,
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H wherein R represents H or an al kyl radical having
from1l to about 14 atons, (d) am no-indazolinone of
the formula: NH2 I H wherein Ris H or an al kyl

radi cal having from1l to about 14 carbon atons, 15 (e)
am nonercaptotri azole of the formula: 29 NH2 HS H , and
(f) am noperimdine of the fornmula: NH2 wherein R
represents H or an al kyl radical having from1l to

e ao%%*fﬂﬁ%eﬁﬁmg? BuorkR '1]99%0 b y»?r%ﬁs ity DS e

- S Quf @, e %&1{6@3% - e”%ﬁ{n&@&‘t ed

di ene and nonconjugated triene. 10 22 The met hod of
cmdepandentbyt haslaaiatet fromh b teshout b agd, RLis Bppansalkyl, alkenyl,
nmonool efin is propylene. 23. The nethod of claim 22,
wiikoxe, aralhd oe tlfvgityd rddical haying fadnut @tabduichr dxon dtemsici d
anhydride is mal eic anhydride. 15

(b) aminocarbazole of the formula:

Op@
R IT R!

wherein R and R' each independently represents H or an alkyl or alkenyl radical

NH,

having from 1 to about 14 carbon atoms,

(c) aminoindole of the formula:

1

wherein R represents H or an alkyl radical having from 1 to about 14 atoms,

{d) amino-indazolinone of the formula:

O

wherein R is H or an alkyl radical having from 1 to about 14 carbon atoms,

(e) aminomercaptotriazole of the formula:
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_of the copolyner’

24. The nethod of any one of clainms 20 to 23, wherein
the at | east one am no-aronmatic pol yam ne conpound is
an N aryl phenyl enedi am ne. 30 25. The nethod of claim
24, wherein the N-aryl phenyl enediamne is N
phenyl - p- phenyl enedi am ne. 26. The nethod of any one
of clains 20 to 25, wherein the nunber average 5
nol ecul ar wei ght of the copolyner is from about 6,000
to about 20, 000. 27.y net hod of any one of clains
20 to 25, mhereiﬂSLQ@ niinber average nol ecul ar wei ght
I's Myofp about 7,000 to about 15, 000.
10 28. The nethod of jany one of clainms 20 to 27,
wherei n the am no-ar tic pglgyam ne conpound is
reacted with the copol ymer containing the grafted
carboxyd i c. acid function.in ratio of about 0.5:1 to
about %5??{”R%F§P1 dﬁ@%ﬁ&@ﬂgg"of am no-aronatic
pol yam ne conpound toN%fpolyner containing the grafted
carboxylic acid function. 15 29. The nethod of any one
of clains 20 to 27, egrein the am no-aromatic
pol yam ne conpoundn s reggted with the copol yner
containing the grafted sarboxylic acid function in a

rati o of about 0'3 t t 1:1 nolar equival ence of
am no-aromati c o@
20

pound t o copol yner
cont ai ning the g‘é earfboxylic acid function. 31
30. The nethod of any ong€ of clainms 20 to 29, wherein

the copol yner is obtained,. copol ynmeri zi ng et hyl ene

alf erﬁhnﬁi) JAPEsSENtS FHr lﬁﬁsﬁﬁ havige AomelitaghoRt 14 afoms.

21. The method of claim 20, wherein the copolymer is obtained by
copolymerizing ethylene, C3-Cyg alpha—moﬁoleﬁn and at least one member selected

from the group consisting of nonconjugated diene and nonconjugated triene.

22. The method of claim 20 or claim 21, wherein the C;-Cy¢ alpha-

monoolefin is propylene.

23. The method of claim 22, wherein the ethylenically unsaturated

carboxylic acid anhydride is maleic anhydride.

24. The method of any one of claims 20 to 23, wherein the at least one

amino-aromatic polyamine compound is an N-arylphenylenediamine.
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mal ei ¢ anhydride to provide carboxylic acid function
and the grafted copolyner is 5 reacted with

N- phenyl - p- phenyl enedi am ne. 31. The nethod of any one
of clainms 20 to 30, wherein the mnor fuel econony

I mproving effective anount of the soot dispersant
additive is about 50 ppm to about 5,000 ppm 10 32.
The net hod of any one of clainms 20 to 30, wherein the

oot ar St BRROR A% LB S BT Rl i o

The. nmet hod of any one of clains 20 to 32,

ppm 15 33. )
\/\H‘éqné('ﬂ'éfmﬂ%lﬁé’ca“ﬂﬂ% ot her diesel fuel additive is

added to the diesel fuel. 34. The nethod of any one of
claims 20 to 33, wherein the at |east one other
di esel fuel additive is selected fromthe group

consi s2é.NGhemethbd of apoie cfict@s Sand 25 Qvhaekdh tHeuRnber average
detergents, cetane inprovers, antioxidants, carrier

f hidiedilar WRioht of tHERGSJINALIE SronfiRBt 6,086 tedbdut EN6GRPSI on
inhibitors, biocides, antistatic additives, drag

reduci ng agents, demrul sifiers, dehazers, anti-icing
additives, lubricity additives, conbustion inprovers

' f. 32
and m 5’}.%1?68111% Scrl g? any c:)gne of claims 20 to 25, wherein the number average

molecular weight of the copolymer is from about 7,000 to about 15,000.

28. The method of any one of claims 20 to 27, wherein the amino-aromatic
polyamine compound is reacted with the copolymer containing the grafted
carboxylic acid function in a ratio of about 0.5:1 to about 1.1:1 molar equivalence of
amino-aromatic polyamine compound to copolymer containing the grafted

carboxylic acid function.

29. The method of any one of claims 20 to 27, wherein the amino-aromatic
polyamine compound is reacted with the copolymer containing the grafied
carboxylic acid function in a ratio of about 0.9:1 to about 1:1 molar equivalence of
amino-aromatic polyamine compound to copolymer containing the grafted

carboxylic acid function.
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~30. The method of any one of claims 20 to 29, wherein the copolymer is
obtained by copolymerizing cthylene and propylene, the copolymer is grafted with
maleic anhydride to provide carboxylic acid function and the grafted copolymer is

reacted with N-phenyl-p-phenylenediamine.

31. The method of any one of claims 20 to 30, wherein the minor fuel
economy improving effective amount of the soot dispersant additive is about 50 ppm

to about 5,000 ppm.

32. The method of any one of claims 20 to 30, wherein the minor fuel
economy improving effective amount of the soot dispersant additive is about 100 to

about 2,000 ppm.

33. The method of any one of claims 20 to 32, wherein at least one other

diesel fuel additive is added to the diesel fuel.

34. The method of any one of claims 20 to 33, wherein the at least one other
diesel fuel additive is selected from the group consisting of other soot dispersant
additives, detergents, cetane improvers, antioxidants, carrier fluids, metal
deactivators, dyes, markers, corrosion inhibitors, biocides, antistatic additives, drag

reducing agents, demulsifiers, dehazers, anti-icing additives, lubricity additives,

.combustion improvers and mixtures thereof.
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