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DI ESEL FUEL COWVPOSI TI ON BACKGROUND OF THE | NVENTI ON
1. Technical. Field 5 The present invention relates
generally to a diesel fuel conposition containing a
soot di spersant additive which is a grafted and
derivati zed | ow nol ecul ar wei ght copol yner 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. TOIESELFIEI GOMIFESITESH utility from
a diesel engine, lubri.cant drain intervals are often
extended in conmercial applications to mnimnze
Bgmggg@ggmhy@pQQMpH®@@NfRﬁqnaintenance. The Iimt of a
diesel engine's drarn rnterval length is often

r t he | evel of exhaust particul ates that
g EE%%%%%@%@in the | ubricant. Wile |ubricant addltlve

cor 1 BePERiH e FEQHET ol T R AP e aining o

t ed ticle | t
| S°é’g'5‘a§?’fsem§? el s pictetudiy dPREesCBy ol daren

i ne mear handi cap | ow tenperature operation, form
C‘WS e of ethylgrfeandrid leag 9p CxiGho lPhampneddefiony  penal ty.
Exhaust gas recircul ation (EGR) exacerbates soot
1 € her taxes the oil's performance
over time. 20 A unique approach to extending the
ser Vileali¢sef engok ima chrmaeh pewgphet thobrei vdgntec@thic factors such as
consequently, increasing the econony of engine
fuelpebadrhgriurability and difitiealicee Brimp eakedeRititng eTo atienNihe Qkeatest
soot di spersant additive into the fuel with the object

utDity e AlesebeHptheaRBiitdnY 8raREmQ R AEQRBP Eﬁ&rﬁﬁd e PnhB@ial
| ubri cant during engine operation in an anount and

.ap%hce@mﬁ@fo%ﬂﬂu%@ ur‘ﬁﬂrl)c!lucﬂ'%( Bowtirfid for %’?a%{teﬂaﬂcéj il 12 of M iesel

normal and expect
engine's drain interval 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, sigﬂﬁcmt viscosity increase, aggravate engine wear,
handicap low temperature operation, form 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 the service life of a diesel engine lubricant and,
consequently, increasing the economy of engine operation, is to introduce a
predetermined amount of soot dispersant 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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consunption of soot dispersant 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 rai ses several technical 5 hurdles to a
successful realization of this approach. In order to
becone incorporated into the lubricant, soot
di spersant additive present in the fuel nust pass
t hrough the conbustion chanber with its chem ca
apaigid pla jagpegeh eiltimakewmatllegseinipart fivéhenamct aslexpected
where it can then replenish the soot dispersant
cogtmplioreot soat dispassahteelditive tisi hebprevibesly baxh @tddddediknilg @l the
problemto overconme is that the very nature of a
lubriese lin argidascenvit Kios@Sand QohhratioRppratidel ty for typi cal
fuel additives to reach the cylinder wall.

Specibivedd) the irhB@nt HRROSHiBsPEn %&i&ﬁ'ﬁ%ﬁ $4i Q0 %»%Pél tdRRical

engine's cylinder to diesel fue ior to conbustion

hir8les Y4 Yucs ot re%ﬁiaﬁf)h X?thtisozg#)lr:]bggl% ]k}itg)@}?efr BB me inc&r%osrzétf:d into

encountered I n gasollne en reover, In

' o) ' .fuel spr is directed at the
ENG G OB B0 RS RN 1) Sl SEh R e
oG Qlinee” 4 i it StpeElpieandhe cramcase
ghenical qualities to reach the oil coated cylinder
WAGF frgar hen repleushibe goot dignersans additipabeitien beeasgnsyened. The
applications. Possibly because of the aforenentioned
mejat fephgal problanm erpystcometis thet the verywnara ¢fatdiesehengine minimizes
practice up until now has been one of directly adding
the epporginiy ér symdal Aol ndditrees soteatlythe t@ideewall eSgdeifagy,tbe
l'ubricant and not to the fuel. 20 Accordingly, there
expssuze oeechnippessndigsal erlfgitels cpfihded tdBeRflRBp@or3® 8mbustion is
di spersant additive capabl e of passing intact into
vebhshogti relagle doURdsk Gatra®es &tolifeea Rt gé&Hﬂ@n)éirfeﬁ pf(\j/ﬁpéo%gr, in

di spersant additive as the latter T's constned during
@i%ﬁ%@rﬂ%ﬁf}E larlaf(ijp\ltﬁ hRerOf spfddl Bftect&Ph "tl?etdié%gn, nft t‘%g %%gr \ga:dl as in
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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In accordance with one aspect, there is provided the

use of a soot dispersant additive in a diesel fue
conposition, to provide soot dispersancy in the

crankcase lubricating oil during engine operation,

wherei n said soot dispersant additive is a copol ymer

of ethylene, a C3 - Cl10 5 al pha-nonool efin having a

nunber average nol ecul ar wei ght ranging from about

5,500 to about 60,000 on which has been grafted an

et h Ienlcall unsaturated carboxylic acid and/or

SMMAR A QF T DSYENITIONe atjo of at |east about 1.8
nDIecuIes of car boxylic acid functions per nolecule

of -t Aeaccopiansmeith omg ashedt s therpala prayidet dre use of ¢ sqat disgersant additive in
with at | east one am noaromatic pol yam ne conpound
aglkgseldhel dompositierh ¢o provide sewriispsisanyy imfhe bfankedse lubricating oil during
‘N-aryl phenyl enedi amine of the fornula: H | R3 R

cagine dpeRdionheha@tin sAud sbet dispessaniradtlitive iskl copslybhed bf ethylene, a C;- Cyg
-NHaryl , -NHaryl al kyl, a branched or straight chain
alphain@abolbfiy hindngd 4 AlnBerta®eraombleddtaciadiBiatadliffohdbut 5,500
can be al kyl, al kenyl, al koxyl, aralkyl alkaryl,

t&%ﬁ%ﬁ?ﬁ%&é’xﬁ Wl?‘{"i\ﬁg b%%%%a)ﬁl(egﬁgztﬂ ‘ E o l\l3|(\| tlilnzéau&asted carboxylic acid
aﬁﬂﬁ%ﬁ%ﬁﬁ%&%%eﬂ% g vy oot i -5 muplesmliet seybosp acid

is Hor an alkyl, alkenyl, alkox aral kyl or
ﬁlé‘F‘R‘H}S;H"f malerils pf fiswpprlymebiigh ﬂ%‘h@bg@ﬂicQ@fb’aH%hW“h at least
atons, (b) am nocarbazole of the fornmula: / g NH, R
OnR  amipp@omatic polyamine compound selected from the group consisting of

(2) N-arylphenylenediamine of the formula:

wherein Ar is an aromatic; R' is H or -NHary], -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(CHy),-]»~NHa, -CH;-(CH),-NH,, -CH,-aryl-NH,-aryl-NH, in \;vhich 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:

Or 10
R Z Rl

NH



wherein R and R each independently represents H or an
al kyl or al kenyl- radical having from1 to about 14
carbon atons, (c) am noindole of the fornula: R HZN-
Il H 5 wherein Rrepresents H or an al kyl radical
having from1 to about 14 atons, (d)

am no-i ndazol i none of the formula: o NHZr \/N/NH R
wherein Ris H or an alkyl radical having froml to
about 14 carbon atons, (e) am nomercaptotriazol e of
the formula: IN Il NH2Z HS\ NN 10 H, and (f)
wheicinopend Ri elich éndepentibrelyfreopresena: I bz alby1NealkdDradidl having
wherein R represents H or an al kyl radical having from
fidnd lotoabeouttl 4 tdrbah @wms, 4 | n anot her aspect, there is
provi ded the use of a soot dlspersant additive in a

di es@h ahis8indole of the formula:

-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:

AR
l

10 H , and

NH,

(f) aminoperimidine of the formula:

NH;

BN

N NH

Ok,

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



conposition, to provide soot dispersancy in the
cranckcase lubricating oil during engine operation,
wherei n said soot dispersant additive is a copol ymer
of ethylene and a C3 - Cl O al pha-nonool efin having a

nunbeln M6eeagPedhas lpadviomitgthtse bBNHNG sfcF @M @AW in a diesel fuel
5,500 to about 60,000 on which has been grafted an

eérhydsﬁfdh,qa Iptoyidd @5@@;&5@5&@ ﬁl&ﬁ@&%ﬂéﬁ(&&@.e aslichuapdi Qtﬁnng engine operation,
anhydride thereof in the ratio of at |east about %

whtemuhiRSoafdispatoxddit e iacidhofyHiRES T ASenB8hd 2 OP! (QQMbﬁa-monooleﬁn
of said copolyner which is then further derivatized

‘Ha(fﬂlgaat ndrﬁ@e?tav%g h&ol%ul’dr%%izﬁl mﬁ% %@M&o‘&t 5506 to about 60,000 on

formil a: I's aromat
h
St e NP o T —
I kyI al ke al_koxyl

b orrs t at can_be

F@ﬁ}lp § 1eliot l%‘r%&yfafmols?ul%ﬁ rraEtaRylic agid fpactions per
-NHQ -[NH(CH2) , ] m NH2, - - (CH2), NH2,
neylpcde of Smoraﬂyrmemwhrls rmn durtheralotivatiasdotith at least one N-
i ndependently has a value of fromlto about 10; and,
B/ Iplenilemediamiad éfythe fadokdayl , al koxy, aral kyl or
al karyl radical having from4 to about 24 carbon
atons. 4 -4a DisclosedHherein is, ,a net hod for
i mproving the fuel econpny ¢ ikesel engine, said
met hod may conpriise Qpefat | di esel engine with a
fuel conposition conprisi 23, a_tmj or amount of a
di esel fuel and (b) a m nor ‘fuel. @&onony i nprovi ng 5

effective anmount of t,he_foregoi ng soot di spersan
wharein 4& 1s aromaglc and R QS Hor- arylg—NHarylalkylpa branched or straight

chain radical having from 4 to about 24 carbon atoms that can be alkyl, alkenyl, alkoxyl,
a:alkyl alkaryl, hydroxyalkyl or aminoalkyl; R? is -NH,, -[NH(CH),-].»-NH3, -CH;-

(CHy),-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.

-4a-
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Di spersant additives of the foregoing type and their
preparation are described in U S. Patent No.
5,075,383, the contents of which are incorporated by
reference herein. These additives when added to

di esel fuel have been found herein to reach the
cylinder 1lining of a diesel engine prior to fue
conmbustion and fromthere to enter the crankcase 10
where they continuously replenish the lubricant's soot
di spersing capability as its original dispersant

addi Didtfosb@héroin 3¢ AREbthot Yo inhBViAR MR HBIL ok ARAR  diksé] engine,
results in the I ubricant maintarning its vi'sconmetric

sﬁ@ﬁfe%ﬁ%dy%hﬁﬁs@éfﬁé}at |tﬁ’é"(9@§el gﬁ @witﬂﬁ%e‘f@é: fon

be the “case V\Ef no soot spersant additive

I it By LI A et
L85y D e o B o 0 P

unexpect ed and S|gn|f|cant i ncrease in fuel econony

whi ¢ Rispsrsyritaddifivesnditheiorgping type arsithéiopiepgatidreare described in

di scl osed fuel in the operation of a diesel engine.
UBRIPEENDRECH) PTG\ h&eomtkits DRAWCNGES: i2orMatied by reference herein.

enbodi nents are described below with reference to the
Thirsawidigses WiRaraided tofiidsel fhelilsiva b&drdBRhECiRrein to reach the cylinder

representation of the speed vs. tinme of an EPA-75 Test

1€ bea dRE »enéné: ifer t6 ﬁle? cEmBIABR 'aﬁ@hoﬁﬂﬂér@ ?@«E[éé}tthé’ Brafifcase

the speed vs. tinme of an EPA H ghway Fuel onony

BRI BT o
S T L £ e

|nvent|on can be prepared fron1 et hyl ene and at | east
MRS 89 Biseamaac cherstTiskssPvena lpnget Friggyteeakthan would be the
Optionally, the

"!

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

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

employing the disclosed fuel 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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et hyl ene and hi gher al pha-nonool efin(s) can be

copol yneri zed with a polyene nononer selected from
anong the non-conjugated dienes and trienes to provide
a terpolynmer. The 10 non-conjugated di ene conponent
can be one containing from5 to about 14 carbon atons
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
ar ee 012 Isiargrapbtak repredenthtine xAttic epeed v, téne of an EPA Highway Fuel
cycl ohexadi ene, dicycl opent adi ene,

Bsordrhy DiidiagScRednlet bor nene, 5-net hyl ene-2 15

nor bornene, 1, 5-heptadi ene and 1, 6-oct adi ene. A

m xture of dienes can also be used in the preparation
of the copolyner. A preferred non-conjugated diene for

RO EDSESCRRTRON (B PRk i $Ges A
t ri ene nononer, en _enpt oyed, usly

- - ' d double b .and. . . .-
poss?ﬁég@m gﬁﬁhge B2 ManG AR c?]ftetg% %0&9 .spe%s(;)aﬁg Q%gtéx?%n‘fvhlch is

up to a carbon atons 1'n
6%81 ryenes..fo pre aring tp base terpql yner, are
Plo A iptsh el Sinapsiioy o the grescpavebRorinee prepared from

-J sopropyl i denedi cycl opent adi ene,
etﬁgfﬁgﬁgrsli %%ﬁ]ﬁﬁﬂ}e Cosentinkf-@agookgfin such as propylene. Optionally, the
2- (2-met hyl ene- 4- et hyl - 3-pentenyl ) [ 2. 2. 1]
chyleneng-mtlice pobnmoneplafings)son pereonorandrnd prtbegwéyeho monomer
form ng the base copol yner generally utilizes a
scheptes) fyosm amengiths obw-emrjugrisdidignes Finbtrisndsvie ptoviders tbodyiyer. The
suitable inert organic solvent that remains liquid
nemchejughied dieae copomeniandibt oo sortdiihg &b $ pRibead 14 @kbddRoms
sol ution pol ynerizati on of nnnoole%ins enpl oyi ng a
inZheglagl. RryfeebBatiRlopténal EXAERbESM& s Heeidwri-ed 59 'tﬁéelg&t%nce of
0

=

~include straight chain paraffins containing from

2 Bin AT inak OBctWe L BEXANRAe, G e&gmg{eg;ﬁ{is bichal8

useful are aromatic hydrocarbons, erably aronmatic

coﬁ’db@ﬁ%@f{%g?s%?%ﬁ%s (%ér?eis E%hﬂie%&%lg}e% nkc))f ﬁéﬁ?(f E)g ?%—Qﬁggdigrllje? q A-

as benze I'uene, ene, _ I K¢ _
oy RhAAIE el e LS ARSNGB SR, Shtnfione’S-
norbommene, 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;isopr0py1idene~3a,4,7,7a—

tetrahydroindene, 1-isopropylidenedicyclopentadiene, dehydroisobicyclopentadiene and

2-(2-methylene-4-methyl-3-pentenyl)[2.2.1] bicyclo-S-heptene.
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those of the aforenentioned straight chain paraffinic
hydr ocar bons and aromatic 10 hydrocarbons. The sol vent
sel ected can be a m xture of one or nore of the
foregoing hydrocarbons. It is desirable that the

sol vent be free of substances that may interfere wth

a Ziegler-type polynerization reaction. In a typica
preparation of a copolyner substrate, in this case, a
terpolynmer of ethylene, propylene and the diene

nonomer 5-ethylidene-2-norbonene, hexane is first 15

i nt r dbepdsmenmtatonproeesstiar foanidg thehatempetyaded pendrallyt Bizes a
reactor is gradually raised to about 30C. Dry

cptalypyih @anelvérs middamn. f Btk dovehh@nteagy ewitabRtihért b/38nic solvent that
pressure reaches about 40 to about 45 inches of

réRAIRIiQLId unBEthB LRSI SorldftichH BheAE tlical AR HRASAHiHhO
about 60 inches of nercury at whi'ch point dry
[

pBlyhelieen 3P FonsRLERS e'nﬂJZ&g%%% ?%g{%g ﬁEg at?]ﬁzg. rm%%%%? 68 seful

to the reactor. At t

- ic m f. al ym 0] .
QRSP A il Bttt Sttt B3 oo eigma giiytpeane

Lnitiate.p nerization. . | efi on of the )

bbile bR RN TEHE R piacis Wlr e SavsipblGremata « ne
hn&ac%gr ressure. . Ethyl ene-propyl ene or higher

HPTERS RGBSR stghobsirecduelsps figh as Benzete. folwapeabdene, and
15 to about 80 nol e percent ethylene and from about 20

- thedikg 50 satgmtegrsyeictuideenatbonyhayinpplydikrgpoet riggh epproximating

monool efin with the preferred proportions being from
tharorfithogotementadned straiShinhhie pperfiso hydbbybensendachiatiom
about 25 to about 75 nole percent of a C3 - CQ

hyirgragbomo bied sefvient seidetedicae berp stixtfe@f@hs 66mPFOIaid foddding
bei ng from about 25 to about 55 nple percent

hyplreaytogs) et &nddsizdhidithatibe b6lvaR Qb tred of MBLEnRE kIR Blay interfere with
et hyl ene. 5 Terpolyner variations of the foregoing

2 BREMABIHS pEiMeAMiodirfactih@m about 0.1 to about 10 nole
percent of "a nonconjugated diene or triene. The

b AR L S B R LG o
.al%nlfe;%logﬁh%%gﬁl?es(ﬁiggg Ilnglllol erlg—gtﬁﬁ{dené—gglggo%{nerrrlg,t f?erxiagg 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
abdut'45 inches of mercury.. The pressure is thereafter increased to about 60 inches of
mercury at which point dry ethylene and 5-ethylidene-2-norbomene are introduced to the
reactor. At the conclusion of the monomer feeds, a catalytic mixture of aluminum
sesquichloride and vanadium oxytrichloride 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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aver age nol ecul ar wei ght rangi ng from about 5,500 to
about 60,000, preferably from 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 ynmers and terpol ynmers having nunber average

nmol ecul ar wei ghts substantially above 80,000, e.g., in
the range of from about 100,000 to about 300, 000 and
even higher. For use in the manufacture of the soot

di spersant additive herein, such high nol ecul ar weight
Peeyding we higherangoblefip vdthnthes prefrered prapedisne Heing fonl aboud 2 to
wei ght so as to fall within the aforestated nunber
ahywdriagenle pot et alhalenveidifibmabng Qs e abouoms abRuerdenbd €0 C;,
about 60, 000. Hi gh nol ecul ar wei ght

alphpahonoBlefih HethRd OB pEefSied pragortiRRIRI BRI bEIuR 95 f At 55
about 40 to about 60 nole percent ethylene units and

@O pdrc ploPyRBO ABuiW 18 aBEN &8 Mole Pir lelgxg pélNi ts are

aval | abl e comrercially. Exanples of" suc ynmers are

dupont PHERERSErEone B b Pl S L AR PSR o o

o P e L S R B R T o and 4 ol 6

percent 1, .4- exadi%ne 9nit an? havi ng an i nherent .

vi scOBT §irting pasp cgpolymer olymase qrrepagingfhespotiimngmant additive
ith an_ inherent viscosity of 1.95. The nunber 8

OLPE MYGRAGHS ag ailapiutisi yletantlylinearerubbery matesiahhavinga nyyaber

order of about 200,000 and about 280, 000,

ayegagsdpalpaudar yeight sangingrfrong alpol §.980 to dboutEkeDOhpreérirably from
enconpass both copol yners, terpolyners and

aljont €,0pdloyabents20,000emd npot prekritdy frainebbal Z000a0 abantigjon).
m nor anounts of other 5 ol efm c nononers provided

Mahg polyimesization pescasseepioddeCcdp et fieRQlnd Bp&indls hMving number
changed. An ethylenically unsaturated carboxylic acid

aV@faps 1GR9 bye Rt RMBMh a1 GbSe ownBtd QNG the YanbS oD &h LEG

onto the copol yner backbone. These reactants contain

| 168L000§&shout 8HC 06T v A ﬁﬂgHQH] q?of‘lg& iBlnd 1%%1%1&':#&@@ of %ot

preferably two, carboxyl®c acid groups, a

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-phenyl propenoic aC|d mal ei c
aygrags, melagriariveeights o, thesk polyoiersi ave e ihel ordee ségimnt 200a@10cnd about
itaconic acid (methyl ene 15 succinic acid), citraconic
28@0QD, cevptduyklymal ei ¢ acid), chloronal ei c acid,

anhydri des such as chloromal ei c anhydride, glutaconic

anhy@hé dem "¢dpdD ot Cis A i, enBbrpAS 88 Gopsthyd rt'e%%lymers
and derivatives such as their esters and correspon

amCifterfAhéle S ThkB ol REHE hiaf%ﬁa@ card Ot IR gt aﬁfou}’l\f@ ' ?g‘ghero f

a base copol ynmer having a nunber average nol ecu

oMEhY I?ﬁon@ﬁﬁ)\/’\gzl gﬁ@éﬂt %gpbg?cgchta&{:%nﬁ%m notf ¥ ﬁa’ al%ang%d

nol ecul ar range o

5,50 a.nol ecul ar wei
cor &%@‘X%Wﬁ %I%?d(cff}’(?wlbc ‘Bﬁso g@%@”ﬁ‘gg'%ﬁ gt ¢
Vi SC 37% concentrate of _the finished
f“&?%%‘é‘ﬁ@d% Ef)aﬁsfﬂ rep fhe copalypenRpckonen dheserrgacianiscapian at least
unsa&urated carboxyllc acid reactant onto the
Shblebondand pbleast epmrpnd Risterbly s, carhexlislagidgroups, an
sequentially in any 9 order. If carried out
andpdridarrpyn ¢y poldrerdypsehidoip opyvesible o § tarboxybie acid gragdy
to cone wthin the prescribed nol ecul ar wei ght and
oxidasion gr hydrelysier Matimanbydiideyor atdegivgivaftidraud icpdferdd@ This and
effected onto the high nol ecul ar wei ght copol ymer
sifhdér anhvpdtidey gad&pnadihe gade hepoly’xﬁ&lﬂrttérﬁglﬁﬁieﬂfb ﬂf@h&@ﬁ*c%arboxyhc

wei ght grafted copolynmer to within the aforesaid

acfiliih@fonblitedé e ERG@pBDb L] tRhal Wb A il RRBBxylic acid reactants include
Alternatively, grafting and reduction of” the high

N L e
f the h I
LS e IS B

[ ange er. du rior. to
succini¢ acid), cﬁracomc acn& (m }91 EHCIC acid), chloromaleic acid, anhydrides such

as chloromaleic anhydride, glutaconic anhydride, itaconic anhydride, citraconic
aphydride and derivatives such as their esters and corresponding acy! 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 onto the copolymer can be accomplished simultaneously or sequentially in any
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grafting, can be conducted in the presence or absence
of a solvent or other neutral 10 nmedi um by neans of
nmechani cal shearing. Cenerally, the copolyner is
heated to a nolten condition at a tenperature in the
range of from about 250C to about 450C and is
thereafter subjected to nechanical shearing until the
nunber average nol ecul ar weight is reduced to within
the prescribed nunber average nol ecul ar wei ght range.
The shearing can be effected by forcing the nolten
agdyo Hyoawted toht waepntibllyn ¢hedraid ¢apelymen dar firpt leskgradedto cohfe
by ot her nechani cal neans. The grafting of the
vathiiry the presaiiied mubs:alav waightardiahdopeyftddCoracinderad) g/ (B¢ grafting can
anhydride onto the copolynmer either before or arter
beleefecepeity FRMighSmbIeE MG aakigH cGﬁHlfzﬁéf' felloWRlilgHee@bing the
during the shearing of the copol ymer can be conducted
résthB Qi N BSIBAES vRigtR ofHEE c&;ﬁy@n‘fcﬁlm w]titﬁfgith@ﬁf&resai% gl.ellggg‘

amount of carboxylic acid reactant IS gra
- b e i tica Thus;.. at.

P P B IR e ARERAEN BBl 4T d0 Gy Phien

n i st, be regcted with each .nol ecule of the
n%% é%%?gﬁggqﬁgthrVPﬂF§w€?@%QPPQH“PBYreact the two or
nor e q$les QE the. carboxylic acid or anhydride with an
“equi BETUSHER ohie Wrightaveres amirsrlrneightnihciigh mofpsular weight
carboxylic acid or anhydride should be enployed in a
CORMYTEETTS BBt RreseriBed Bolsrdat wegh&fpmeuwbgﬁgé%nm pepligrgo
of the polynmer backbone wth a preferred ratio being
graflE eandgtconductedab wtprGems| e ebierse afrcobvesttdrlothenpewral
preferred ratio being fromabout 2.25 to about 4

medivechy msans b ghthanieblf seedringe Gnapky, skndopaldetict iskeated to a
generally have from about 2.5 nol ecules to about 3.5

- mohitreeiniRidn af a teipeRbfrdBXUE 1812861 Fordabo® 2y fodB8o@rAhtEdnd is

onto each copol yner nol ecule. The free-radica

theR fératjestedMd 1HENEAPA REeaHS S dnbifhd AEnitlk afd-h %@g&ﬁ&ﬂ Willeht is

are peroxides, hydroperoxrde and azo co

reBf &6 Fahih hORS& DAY hildhE apé}.héei Iﬂglegﬁilrnvseight 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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greater than about 100C and thermally deconposi ng

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

generally used in an anmount of from about 0.005%to
about 1% by wei ght based on the wei ght of the

reaction m xture solution. The grafting is preferably
aiapati of dopmdymdrn Basdin dretcagtorplqduet @ ashiydnida should bogaployed in
The resulting copolymer 15 internediate is

achiay faarh ebdwz @@ tbybdua BiniGeotidss pepayiblecul@6f He pslyinat badBbone with a
functions incorporated wthin its structure. The

pofatddesiChunl YdtB Gb&f 21b Xhdak € nﬂflecﬂfe@ﬁﬁ@gstﬁﬂﬁgﬂeméﬁed ratio
possessing carboxylic acid acylating functionality is

bElH% RrofBABHED o Lo @Y h&lB&fie© @ﬁ%lﬁg]eﬂ&?ﬁlg g%f)nl(rgzﬁnp Qhyapdsne

ected fromthe group consis

g&lie l%}ﬁb@f;&h%ﬂ&ﬂb Ql%mﬁgs ttorr]l 0 t%r{%{ol&cu&?s ofgl?%a%oxy 1C acl}ld or

wher el i P’V Shat
a braﬂﬁhed or straight chain

mﬂgg?%%ﬂhﬁ%€$ﬁ%&Pﬁ83%%“?8"5@8 24 carbon atons that

can | kyl, al kenyl, al koxyl, aralkyl al karyl ,
hyd r ?ekrﬁﬁlcﬂﬂmﬁﬁtPﬁdﬁkal}/Faﬂ Urpispdsin.thg grafting kgacm3®e |, n
CH2- (CH2)"-NH2, -CH2-aryl-NH2-aryl-NH2 in whi ch
Pfﬁo%iﬁ‘%i;a Rydsersroxids andgzacympaiads Praferably thosohatiegi baibing point
and, R3 is H or an al kyl, alkenyl, alkoxyl, aral kyl or
graptRiihgn aboat] WEC ah@diengalfyr Ctemmptbsu‘nabiﬂlin thzég’rafﬁn@ mperature
atons, (b) am nocarbazol.e of the fornul a:
range to provide free radicals. Representative of these free-radical initiators include, but
are not limited to, azobutyronitrile and 2,5-dimethylhex-3-yne-2,5 bis-tertiary-butyl
peroxide. The initiator 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 grafted 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:

H
_ l .
Rl —Ar—N — >
) _R2

11



/| NHZ RN:gt R wherein Rand R each independently
represents H or an al kyl or al kenyl radical having 10
from1l to about 14 carbon atons, (c) am noi ndol e of
the formula: R H2ZNCJ 1 1 H wherein Rrepresents H
or an al kyl radical having from1l to about 14 atons,
(d) am no-indazolinone of the formula: 0O NH2 R 15 H
wherein Ris H or an alkyl radical having from1l to
about 14 carbon atons, 12 (e) am nomercaptotriazol e of
the formula: HS-< Il NH2Z NN | H, and (f)
wagiehofyeis iareinditinendR ' isHEof -OfHanyla: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(CH2)»~]w-NHz, ~CH;-(CHz)»-NHz, -CH;-aryl-NH;-aryl-NH, in which n and m each
5 has a value of from 1 to about 10; and, R’ is H or an alkyl, alkenyl, alkoxyl, aralkyl or
alkaryl radical having from 4 to about 24 carbon atoms,

(b) aminocarbazole of the formula:
R T R!
H

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

10 from I to about 14 carbon atoms,

(c) aminoindole of the formula:

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

(d) amino-indazolinone of the formula:

NH, ¢ RS

15 H

>

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

12
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NH2 N NH wa- R5 wherein R represents H or an al kyl
radi cal having from1 to about 14 atons. Particularly
preferred N-aryl phenyl enedi am nes are the N

phenyl phenyl enedi am nes, for exanple,

N- phenyl - 1, 4- phenl yl enedi am ne, N-phenyl -1, 3-

phenyl enedi anune, N- phenyl -1, 2-phenyl enedi anune,

N- napht hyl phenyl enedi am ne, N

phenyl - napht hal enedi am ne and

N -ani i nopropyl - N- phenyl phenyl enedi am ne. Additiona

10 ubehwincawiap®inazolewdtedoinmdcar bazol e; ani noi ndol e,
am noperim di ne and am nonmercaptotriazide. The
reaction between t P& yrmer i nternedi ate(s) having
grafted thereom—¢arbpxylic acid acylating
functionality and tvhe¥am no-aromati c pol yam ne(s) can
be effected by hedting a solution of the polymer
substrate under inért condetd ons and then 15 addi ng
the am no-aromatic polyam ne(s) to the heated sol ution
geneffpirhipopsnadipanf the flwynulan Xi ng. It is.convenient to .
enpl oy an oil solution of the copol yner heated to
within about 140CN#Hp about 175C while maintaining the
solution under a niirogen bl anket. The am no-aromatic
pol yam ne reactapt{s) ,js added to this solution and
the reaction is 13 carffied out under the aforenoted

conditions. |n-gejera he am no-aromati c pol yanune
conpound can o:@: ith the grafted copol yner

i nt er medi at e( aNat ) or of about 0.5:1 to about
1.1:1 nol ar equival encé and preferably in a ratio of
about 0.9:1 to about 1:1 nolar equival ence of
wherpind wpEaet d oper gk mdiceldupiop fiwnt biapbefit BHatowpol yner
- 5 internediate(s). The diesel fuel conposition of the
- i nvdturticatarkygmyfeirsEN-anylpigngtenpdiamhinesare fthealN-
phenylphenylenediamines, for example, N-phenyl-1,4-phenlylenediamine, N-phenyl-1,3-
phenylenediamine, N-phenyl-1,2-phenylenediamine, N-naphthylphenylenediamine, N-
phenyl-naphthalenediamine and N'-aminopropyl-N-phenylphenylenediamine. Additional
useful amines include aminocarbazole, aminoindole, aminoperimidine and
aminomercaptotriazide.

The reaction 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
mixing. 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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m ddl e distillate fuel oil boiling in the range of
from about 340F to about 620F. Diesel fuels
contai ning | ess than about 500 parts per mllion (ppm
sul fur are generally regarded as |ow sul fur diese
fuels. The soot dispersant additive of this invention
is 10 advantageously added to a diesel fuel in an
amount sufficient to replace at |east part of the
soot dispersant. additive present in the crankcase oi
.the |atter additive is consuned_ during diesel .
%%a%dn%t %&SF B afienoyed gBditeny In geperal; the aminoiaspmgdid golyamine
to about 5,000 ppm and

contai n from abaut. 50 ppm t
- Bree 5‘?@%?1)]?61‘?36?‘?#%@&{1@ gaficdpswebyanca beuamediaG(o) ippratiofof about

iﬁz sqQot _dispersant additive. 15 The soot dispersant
14 #tpEt b i meler equiyhlenct, and prefermbly mea ratiotolf abows 0i%t ol about
diluent, "e.g., an aromatic hydrocarbon such as

1t bmglepequivalsogt efigninpraicmatic pobydstide compbend th%rﬂieﬁ%ﬁbolﬁmer
e

fuel. The diluent when utilized can be present int

miewpdiagds)t additive conposition in an anount of,
e.g., fromabout 20 to about 50 wei ght percent and

pr ef Thadikye! fiRl @\ﬁnégﬁméﬁbf thRfindeh QR e {UH&(S ﬁ&%ﬁﬁ Pﬁg

wei ght percent. The di esel fuel conpos

BSaBd i . c ' n noy e Jher .
O oA NETGL CRGER SR ARG RO RS ATy Diese
it N i_necl ude, are not
R a1 Q0 B R DA por o P S geteraly rogardea

ier fluids deacti vators,

s SRR ol e S gispervint ifeor s Gorrian i

yes, ers,
ntistatic ditives, drag 14 reduci ng agents,

adYategeoply é?‘%g "8 diesel el imen amousit pffisignll toirgmane at least part of
lubricity additives, conbustion inprovers, and the

the 5908 dispersaph additiearricseorindlm drankekscaribsrhslattdeldfiot iswinagned
non-limting exanples are illustrative of the diese

duping diesd sngios ppéraionofln péverdly ths dietel il &l cOitain FrobEraet- 50 ppm

1
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,
€.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, antioxtdants, carrier fluids,

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

14
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Preparation of D spersant-Antioxidant from
Et hyl ene- Propyl ene Copol yner Gafted Wth 3.6 w.
Percent Mal ei ¢ Anhydride 10 To a 1 liter cylindrical
reaction flask was added 513 grans of Shell Sol AB (an
inert solvent) and 70 grans ethyl ene-propyl ene
copol ynmer (nunber average nol ecul ar- wei ght of 57, 000)
grafted with 3.61% mal ei ¢ anhydride (2.52 grans). The
m xture was heated to 110C under a nitrogen
n i rreed until. .dissol.ved. N-phenyl -p-

BHEESPARNS, ARG Ll oy (1ad S, PO B ur o

eated to 160C under .a 15 Dean- Stark noisture
%82%5‘95‘%“&%‘%1’*”0?’8’%" i Briowaend sprveniomelrmgutss 0C f or
3 houts,. . and then checked by Infrared spectroscopy to
veri fyredlR3IRg Bonclimifiag sxamplest are Histrativa plthedésseiducihe
irnide. Additional’ i ncrenents of
RpAERgH ofshppresspt immerdioani ne (0.7 grans, 0.7 grans,
0.65 grans) were added, each followed by a 3 hour
heating period at 160C, and a verification of
reaction conpletion by infrared spectroscopy. In order
to 20 prepare solvent friegeaprgguct for analysis, half
of the reaction m xture was poured into acetone (3
liters) Papatutivh 8PDRYS s AlibRParktFroR] BEVRLL- Bl S he
product agopblyHiRGhfed Wah 3%?@??&%@1\? i@%&ﬁ%ﬁ?@ >

one [ L

washed 2 tines with acet ers, ers) then
filtered and dried overnight in a vacuum oven at

.105 . E The di,esel engqi test stud

Goocrs B4t eMitos st Bel & Suasaied 'S ceiins olrcellsnl AR gan
. t capabjlity of the soot, dispersant

in A Fork 0 S bk Lens spelymr @bBioPd v otoie moleculr

l.ubricating oil in the crankcase during engine
WO 57 Sh0 afisdovitle o1 esleiomhyarifio @ Bigris). Bossmixture was
di esel fuel containing 309 ppm by weight of the soot
hea‘ieg el Khq under aindiragen pineqsphard andhstised nplikdidsolvE N-pRé&tyl-p-
lubricating oil was a sinple blend of a solvent
Phereshenediamiind (2XEHariON@s bEMI mdth@inbinde whs Beat®i 8N60°C under a
percent of zinc
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 reaétion 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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di al kyl di t hi ophosphate (as an antiwear additive) such
that the oil's phosphorus content equaled 0.101

wei ght percent. 10 The, test engi ne was a Honda di ese
generator Mdel HRL 5500. The testing nethod was as
follows: 16 Step Procedure 1 A double oil flush was
perfornmed as follows: a) SNO 150 flush oil was wei ghed
to the full mrk (approximtely 0.750 kg.). b) The
engi ne was started and run at idle for approxinmately

3 mnutes. c) Engine spe was_increased to ful
"throttle (no load) for %ggﬂﬂﬁkgés. d) The engi ne was

shut own. %ﬁA vacuum bottle was used to renove oil
from tife li‘ﬁeﬁ g et stpqy daseribed i thisixpmplgevagiceigd dadin agjer to
-R&gfed res (a) through (f) were repeated. 2 The test
Fzatate tharapakiStyod dherfedt distetrahtenddinive bf thisgprensibmixt acymilate in
quart of Howell LSRD fuel, drained again and the

- the lubrisetintendl in diesomkcimd dutnglhgineestratiank was fill ed

with test diesel fuel and the weight recorded at the

st ar tThoftest Fel st low shlfliigasé 8istel Aidl cdr@RBhEZ0IBAAILY weight of
0. 750 kg.) was

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




wei ghed to the full mark and its exact weight
recorded. 5 The engine was started using the test fue
tank 6 A 1500-watt heater was turned on and operated
for 5 mnutes. 7 Exhaust back pressure (EBP) was
adjusted to 25 inches H20 and a Bosch Snoke reading
taken. 8 The engine was run for 15 mnutes. 9 The EBP
was adj usted to 25 inches H20 and 3 Bosch Snoke

readi ngs taken. 10 RPM exhaust gas tenperature, |oad,
intake air tenperature, fuel weight and Bosch Snoke
readi ngs were recorded once per hour. 11 The engi ne
was run for 3 hours or until low fuel caused cycling,
t hen shut|dowd®P12 A vacuyum bot Pioeednes used to rénove
lubricatipg oil from# febleod Akdase perf@mades fakasn |oi |
was wei ghed and t he [@@PYRt150 fiwsb oil chetiweighed hethofwlica oi |
‘sanple was col | ect qdnan@rireeried 0.71%keDhe f uel wai ght
was recorlded at the |éhdrumeinpeas stagisd and Tereat idbadi nijng

test fuell was draine d@pproximately 3 minutes.
AR ¢) Engine speed was increased to full throttle

(no load) for 15 minutes.

d) The engine was shut down.

€) A vacuum bottle was used to remove oil
from the crankcase.

f) The drain 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.

3 The test tank was filled with test 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 turned on and
operated for 5 minutes.
7 Exhaust back pressure (EBP) was adjusted to
: 25 inches H,O 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 temperature, load, intake

air temperature, fuel weight and Bosch Smoke
rcadings 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 to remove
lubricating oil from the crankcase.

13 The drain oil 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 remaining test fuel was drained.

17
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17 At the end of the engine test, the sanple of

| ubricating oil was exam ned by infrared

spectrospcopy to determ ne whet her the soot dispersant
addi tive that had been introduced into the fuel had
accunul ated in the lubricating oil in the crankcase.
The 4 enl resolution infrared spectrum was acquired
from4000 to 600 cm using a 1.0 mm 5 pat hl ength

transm ssion cell. Succinimde bands indicative of the
prese of, the soot dispersant additive were found

bt 17040557 of His et t55h thé Ik aE AphEtgang ik e xamined by
spectrum EXAMPLE 3 A vehicle test study was

BBHaY EReEHoPEORIRIRSHRiAE whether thesnyt dispersdnt eddiiechasmpd been
Jperfornance advantage of a diesel fuel conposition
1Eetusehinkthe Sist hatl aspemutated iradid iubrivaingfoil inthescrankcase. The 4
i nvention. The diesel powered vehicles used in this

o stesoutipghyingiared bestred wan adquidké frdm 4960 ens00Ta@h! esidg a T@m
Vehi cl es 15 Make Model Year Engi ne Vol kswagon Jetta
r20@bgth. teinsmiskien tell. e3ucBhihi(é baak inbRBhvOoXhe plebdtek bt B8 soot
The purpose of the test study was to determ ne whet her

dispers@u® addit SRete T at R i @3NOH" ¢h ME k- dTRLRLA
the condition of a diesel's engine oil sucﬁhgﬁgt tﬁgmdnyn
vehicle's fuel econony characteristics would be

retai ned, and not degrade, over the course of the oi
drain. The consistent, | delivery of the soot

di spersant additive tozﬁxéﬁﬁigﬁfcating oil in the
crankcase, i.s i ntended t.o contjnuously suppl enent the

35 oS Pcle 5L PRy S Sppeted . degponitied e Yorg g drgmomy

service period. It is expected that the nore 18

pertormance 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

Make Model Year Engine

Volkswagon Jetta 2001 1.9L

Chevrolet R10 (light 1987 6.2L
truck)

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 retained, 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

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

18
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severe the soot |oading, the greater the potential for

the soot dispersant additive to inpart a |ubricant

performance benefit by controlling soot-nedi ated

viscosity increase. To that end, several mleage

accunul ation tests were carried out using a road

sinmul ator to amass service mles. on the vehicles'

respective oil charges. The reference 5 fuel was a

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

test .fuel .contained the same base fuel and detergent

BEAR Mooyl e gmeam ropseengiahio reshe SwsEadRIBEre rimpart
dg[igt ive Pf Exanpl e 1. A | ow di spersancy SAE 10W 30

agléf R ogmAnCRBERSIt By pontppdlingsheismpdinted Viseasity increase.

eval uations in order to inprove the vehicle tests

di scriorhstgnd.saveralimitaage drsumitatiomaigsty sere @friedotit vehgya road
agled" on the'road sinulator, the vehicles' end- 10

sghulgler ip aawess serace/miles arethe ecidiesnespesive 6% tiegleedn The reference
chassi s dynanoneter using the EPA-75 Cold Start Cycle

facd ovat b dovrsghunatiesd died] blepesatonith 4 askrgem RS Yeshe] ntained the
protocols. Em ssions were neasured and fuel econony

- soAt bask fepand @dterast Padkahd, Gb %elé‘%!"a 13 3bH Eprﬁ%‘f BRooRALRAGE:

met hod as prescribed in the e of Federal

o Ty Rl b ol saRION kUL R

RV E R WERIGE Goube BEOHRT, ER A ER, a
T8, U R R RS U e e
resented in Figure 1. The HWET cycle consists of

olRFracenfereal diel granpmygrastestnd omacthages dpamgmeter ugng thegiPA-75
and a maxi num speed of 60 nph. The HWET test results

ColdStagt Gymie and thy %@maortf@dl Eqening (Jiest (2lWBETFUiele motrolsy
testing was also performed on a O ayton chassis

Emigpignowese encasured ahfucinecthony vdléiatad fo eidhavebtleasim le carbon
bench utilizing a constant vol une sanpling (CVS)

balani¢ methodlas pREGHYEY iNAS (oaé LK AeRY Réindatfk $SFR)) Title 40.
anal ysis using the carbon. bal ance nethods outlined in

E:lgte g(ﬁgr%stf ﬁj‘é&{sg}g‘e?e %ég%d%’ B¥re (RELIBF @riadhd)Ngd ﬁ@h&% P8 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 inaximum 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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vehi cl es, the engines were run for one hour at 50 nph
to allow the oil and transm ssion fluid tenperatures
to stabilize. Once a vehicle was fully warnmed up, the
eval uati on sequence began. The one day test protocol
consi sted of one EPA-75 cycle followed by two HWETSs.
The average of the two HWFETs is the reported result.
5 Vehicle data collected using the new oil, and the
aged oils that had been subjected to the reference
\;e?leh atrﬂd t he fuel containing soot di s?ersant additive
of "t 'f AT MG AR &7 o3RS &t AD mwBIte allow tia@iland trpesmission
[ ght percent soot in the used oils is also included.
‘%\g"i &é‘lp.?‘. atuge19 abitizer dancepaehiclrersaydy wrmedd upnthe evaluation
Lubricant Tested M| eage W. # Soot EPA-75 npg HWFET
shptgncerhrgprn. Theongdry test fBaiseo] Dbesiedd dfumk FPAG7 VeydB:. fallowed by
50.78 Detergent only Ol: New SAE | OW¥ 30 Fuel ; Low
80 HFWFE Baskhebvesgd offfelwo I W65Ts & thE repdr&trehid. 53
Detergent only QG l: Aged SAE | OM30 Fuel: Low Sul fur

Bas e VihiekalatafodRtotet! Win tB2ndWoidQind the 4284 6198 M had baQXubjected
ppm Exanple | O 1: New SAE | O¥ 30 Fuél: Low Sul fur

I
- 138 eefbleR®dliciRHE Jthe'ﬁbeg ?&%mﬁm%%g%@%%ﬁ%%&%ﬁsﬂg%ﬁ%ﬁ% grﬁ%éﬁid-n are

309 ppm Exanpl e | Age _hged
steANg r;ﬂéb@@-ﬁ&?l' ﬁe%g’{%ﬁt:be%?ﬂ% sow]{%r%hé/ 1?3%& 8{156 is'also %Jc% etd.e d

w th Fue

Table 2: VW Jetta Test Data

' , - . Average
Fuel and Lubricant Tested Mileage Wt #Soot EPA-75mpg HWFET mpg
Fuel: Low Sulfur Base Diescl 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 0 32.91 50.40
Detergent + 309 ppm Example 1
(_)il: New SAE 10W-30
Fuel: Low Sulfur Base Dicsel Fuel + 9651 0.60 32.90 4984
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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Contai ning Exanple 1 10 20 Table 3: Chevrolet R O
Test Data Average Fuel and Lubricant Tested M| eage
W . # Soot EPA-75 npg HWFET npg Fuel: Low Sul fur Base
Di esel Fuel + 0 0 18.60 25.28 Detergent only G 1l: New
SAE | O 30 Fuel : Low Sul fur Base D esel Fuel + 7379
3.70 18.10 24.44 Detergent only O1l: Aged SAE | OWM 30
Fuel : Low Sul fur Base Diesel Fuel + 0 0 18.67 25.41
Det ergent + 309 ppm Exanple 1 G l: New SAE | OW 30
Fuel : Low Sul fur Base D esel Fuel + 6952 3.40 19.03
26.30 Detergent +£ald@g8: L st D@l : Aged SAE
| OM 30 Aged G| Fuel Econony Change +5.14% +7.61%
V\hen Vehicl e |s Operated with Fuel Containing Exarpkz
d t he fuelMiksgel, WthiSo\WW FEAF7S nypen e HARRT mpg
very little soot b1¥ the end of each 9650 mle test on
958 [roéi’ apifen Base Riewt Fuelt apt oxi nat 81y 0. 5 Weidght 25.28
% Fe@henlEnd- of - 5 test soot, the engine oil was not
PeP4E L9Welsed with respect to soot |oading.

Fuel: Low Sulfur Base Diesel Fuel + . 7379 3.70 18.10 24.44
Detergent only :
Oil: Aged SAE 10W-30

Fuel: Low Sulfur Base Diesel Fuel + 0 0 18.67 2541
Detergent + 309 ppm Example 1
Oil: New SAE 10W-30

Fuel: 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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Consequently there was little opportunity for the

di spersant fuel additive to have an effect on the

| ubricant's performance, and the Jetta's fuel econony
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. 10 In contrast, the

| ong-term fuel econony benefit derived fromusing the
fuel dispersant additive over the extended drain
sTeRtee thpn B weight perbent-aHraraininigrhe data ohiaipedofor theaehiagh agebeits
produci ng light duty truck. The Chevrolet's
exnodedio-thersfergoo fucl enlplisappears thaotiss hemitdatioRdf spbededpbited the
than 3 wei ght percent. Exam ning the data obtained for
o' hinnaewoatiispaging capdciy aekihe $6d ctofor IR ehRRCRcfcd®ds. When
only, it appears that this concentration of soot

 thiteyhllelast dperatedi tbr £ptdxiahielyS000 nilles BE IS QY EPRAG LM soot

and the fuel econony of thé vehicle decreases. Wen

i S 3 B W ARSI CLon BRG] AL BV ZRAGHI S5 igh:

on the test fuel containing soo spers

pebent B8 HORIL ey H1G. ORI L ONGE PR GPRtBadEy |

greater t percent,

racteristjcs of t engj ne oil .were retained,. . .
FEABRGE Tt Bl e Y e BB eoBtainihb sy B GRt additive
._containi soot di spersant additive inproved by 5.14%
ImPPVER BY SALAS Bt A Al Capis and 66944 in UieHEREETative to the

relative to the fuel econony neasurenents obtained
fugl sponomy measurepients ekiginsd don the prstl@ilenpesed tretefeatnsn duel pipne.
As such, it is believed that the slowmy netered
As sieh, dbis belieyed tiat thh elofwliemetirsietredution of the fikkdispargannénto the
oi | hel ped sustain the lubricant's visconetrics.
engiue pa hblped hetagnile bibriche's 7R06mekice Ov@s, teierdi oI 70006hile
cont ai ni ng soot dispersant additive in accordance wth
test B dicE! Bt E&HIainit@ SodtRlispMam Ailitis BNcEdEARE Wilethe invention
econony mai ntenance benefit. Wile the above
a8 AR08 j L £ se specifics
MGk s R D

shoul d no

I NVGRAL nerely as. exenplificatigns of .preferred

e e i a3y, aRgton B e G smer s B et Ul ot be
consthied ésqﬂm&%gxs gft tﬂg {HVGeII;{POCI)lEj L{rlrte mnérgly 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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within the scope and spirit of the invention as
defined by the clains appended hereto. 22 WHAT IS
CLAIMED IS: 1. The use of a soot dispersant additive
in a diesel fuel conposition, to provide soot

di spersancy in the crankcase lubricating oil during
engi ne operation, wherein said soot dispersant

whaddid crggpascopol yner of ethylene and a C3 - C10
al pha-nonoolefin having a nunber aver age nol ecul ar

weig r f.ro
whiior eRe %%%%m A% P?r%%“qaﬁdlg‘t"%ﬂ %ﬁ Rt camRaripnbarovide
r box I|c and/ anh dr thereof in the ratio
soot fipgsaieyi he; aﬁ‘fcaie 'cslgeeams@marlen a¥hegetn said
functlons per nDIecuIe of sald copol yner which is
sootydigngTsaRiradauive des Fenlyperiwitnengtand @4St- Ginelphainmnoolefin
aromati ¢ pol yam ne conpound sel ected fromthe group
havipg agiumberayeofge md¢cuwravgthargth§ﬁem adoun® 500 totdbeut 60,000 on
formula: H I RA-N- a~ RZ wherein Ar is

whidr leisbtécgraned Bilethjilehic@lly ul¥Aairdbd carbbidfiyel Rldatld/or@dnhydride
branched or straight chain radical having from4 3{

3 ther@?%fhe%ﬁtl&ﬁr a*?%s@&b%ﬁﬁar y lecﬁﬁ% HSafth E%I}IC act Kb R - '

koxyl , aral kyl roxyal or am noa

' molé_%g]zoﬁ” aslalhl Wﬁlg érg_clﬁ) t eﬂ eE ﬁlerﬁvaéﬁacg O_%%% Hsg's_{z dne amino-
I nde endently has a value of from1l to about 10; and,
af"“ﬁ%w Pg Iypmiie comperpq pelecipd Earp the growgegnsigtingl afy| or

karP/ radi cal havin from4 to about 24 carbon
-arylpheavienedizaribe 2bthe fofmulive forrmul a: 07 NFi z

- 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 -NHa, -[NH(CH3),-]»-NHa, -CHa-

-~ (CH3)»-NHz, -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

NHo
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X0): Ng RI R H23 wherein Rand R each

i ndependently represents H or an al kyl or al kenyl
radical having fromlto about 14 carbon atons, (c)

am noi ndol e of the formula: R HZN--C | H wherein R
represents H or an alkyl radical having from1 to
about 14 atons, (d) am no-indazolinone of the

whefeiti Rutind R ' eaéiQnbibfentibhily replesitd 0 oRah 151 6F alﬁéhﬁl“zﬁ(éal havmg
radi cal having from1'to about 14 carbon atons,

fnﬁm(ﬂ%ﬁ |l e of the formula: NH2 HS--<U N-N
" Epfpiargﬁyﬁ%tg@% m di ne of the formula: NH2

(c) aminoindole of the formula:

|

wherein R represents H or an alkyl radical having from 1 to about 14 atoms,
(d) amino-indazolinone of the formula:
0

NHy [ NH
;( v

R |
H

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

(e) aminomercaptotriazole of the formula:

NH,
wd |
l

H , and
(f) aminoperimidine of the formula:

NH,

A

N NH

O

wherein R represents H or an alkyl radical having from 1 to about 14 atoms.
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lj1~ N NH o~R wherein R represents H or an al kyl

radi cal having from1 to about 14 atons. 24 2. The
use according to Claim1l, wherein the copolyner is
obt ai ned by copolynerizing ethylene, C3-Cl0

al pha-nonol efin and at | east one nenber selected from
the group consisting of nonconjugated di ene and

NONC oMk WSh Rrdifig ﬁ}r@lam;; 1, \Iﬁ@'elﬂ%ﬁe &%%Wrﬁ’érrlg OBtngi Bl m 1,
wherein the C3-Cl0 al pha-nonool ef propyl enel 4.

COpé’iPl%ﬁHﬁﬁ %g@ﬁ?' r%gC %lpga%ﬂoizeﬁnvg}@ a‘?hﬁ%s the ﬁm]%lr%%lectad from

propylene use accor
ein the eth ni cally unsaturated

the %‘8?%%%?@ *Qh?“&oawﬁ%f fliac mcgweéétﬁﬂ §Fde. 6. The
use according to G aim4, wherein the ethylenlcally
unsaturated carboxylic acid anhydride is nmaleic
anhydride. 7. The use according to Caim1, wherein
t hé. dte hesamcomling arilaion Arelmatinche @9Cy(eatplnfermnmjeﬂimr$ is
an N-aryl phenyl enedi am ne. 8. The use according to

prop§leae.m 7, wherein the N-aryl phenyl ene-diamne is N
phenyl - p- phenyl enedi am ne. 25 9. The use according to
Claim1, wherein the ethylenically unsaturated
carboxylic acid and/or anhydride thereof is grafted

DA SREBIMEED ol ol CLER Ao

propylene.

5. The use according to Claim 1, wherein the ethylenically unsaturated carboxylic

actd anhydride is maleic anhydride.

6. The use according to Claim 4, wherein the ethylenically unsaturated carboxylic

acid anhydride is maleic anhydride.

7. The use according to Claim 1, wherein the at least one amino-aromatic

polyamine compound is an N-arylphenylenediamine.

8. The use according to Claim 7, wherein the N-arylphenylene-diamine is N-

phenyl-p-phenylenediamine.
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10. The use according to Caim1l1, wherein the
ethylenically unsaturated carboxylic acid and/or
anhydride thereof is grafted onto the copolyner in a
ratio of from about 2.25 to about 4 nvol ecul es per
nol ecul e of copol yner. 11. The use according to Claim
1, wherein the nunber average nol ecul ar weight of the
COpD| BHERise hécotdinnAORith 15wAARir e @@12}&11'0%@ 00Qurdiéd cdBBxylic
use according to Claim1l, wherein the nun%er aver age
: [ : ‘ | S - abkqut 7,
el R AR Lol Sl RE oA, FELyshe B BT B0l 510
j he am no-aromatj c pol yam ne conpound is
abow;gl{&ﬁg%ﬂ%ﬁ A Htlﬂ%cuéeo?)tg‘ioyf’r@pegont ai ning the grafted
carboxylic acid function in a ratio of about 0.5:1 to
about 1.1:1 nolar equival ence of am no-aronmatic '
pol yam ne conpound to copol ymer containing the
gr ég{ dhe user dsosrdiniectoddainn f.umistréiothe alylefibalyussaturated
according to Claim1l1, wherein the am no-aromatic

. carbptlicaatidhand/orenbpdriid thaesfiagtafidd whicthé bepataRel MABELio of from

containing the grafted carboxylic acid function in a

aboult 812500 @b AAHSIe Q1SS er hHIRRRLUST hpdlyHRkar equi val ence of
am no-aromati c pol yam ne con‘poung to copol ynmer
containing the grafted carboxylic acid function. 26

15. The use according to daim1l1, wherein the

. copplyner is ohtained.b opol yneri zi ng et hyl ene and .
pr g‘gyﬁé%‘éﬁe R %ﬁ%ﬁ%@?’lai“g‘e %%/l}eeramége( veiageanelecular weight
anhydride to provide car boxgl ic acid function and the

of theycopol wherds figmyshout 6.809 trdhostiZW0e® N- pheny! -

p- phenyl enedi am ne. 16. The use according to Claim]1l,
wherein the diesel fuel contains |ess than about 500
parts per mllion of sulfur. 17. The use according to

Cl 5. rThk uselaecriing td € lmhf 18 Hhiedsn AROIAIbePhvdriiR: HfRbular weight
di spersant additive is about 50 parts per mllion

of thd BBy & i€RBH abduLP o R Bbout 15,000

13. The use according to Claim 1, 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.

14. The use according to Claim 1, 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 equivalence of amino-aromatic polyamine

compound to copolymer containing the grafted carboxylic acid function.
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18. The use according to Caim1, wherein the
effective anobunt of the soot dispersant additive is
from about 100 to about 2,000 ppm 19. The use
according to Claim1, containing at |east one other

di esel fuel additive. 20. The use according to Claim
1, containing at |east one other diesel fuel additive

selgetEg ust Botd1fe & @4Rn §ORRERI B8 cOfoiRHASE oBRREd by

di spersant additives, detergents, cetane |Inprover
j.0Xi rier, fl ui tal. deact,i vat ors .
copdiPieRng il Teno B BBl e SopdTiodis BBRE A LEHRIc anhyarice
antistatic,additives, d reduci ng agents, .
1o ERYIR SeppRalic acid fanelon pa the arvtiod Gog vy edeted with N-phenyl-
| ubricity additives, conbustion inprovers and m xtures
p-phegglepesiamg. 21, The use of a soot di spersant additiv
in a diesel fuel conposition, to provide soot =
di spersancy in the cranckcase lubricating oil during
engi ne operation, wherein said soot dispersant
- addb! iThe ubsacofMOl)ITEIn Of widrbinl tBO18ie8d1dud cbitains §ds&Pthan about
al pha- nonool efin  having a nunber average nol ecul ar

500 Patk iRl JFSufaom about 5,500 to about 60,000 on
whi ch has been grafted an ethylenically unsaturated

carboxylic acid and/or anhydride thereof in the ratio
of at |east about 1.8 nol ecul es of carboxylic acid
fugﬁtkgns per ol ecul e of said copal yner which is
théfr £0F pirAccepdingaClsiayl \irheicinithg effestive amomnt of the soot
. arylphenyl enedi ami ne of the fornula: H R~ Ar-N CC RZ
- dispexpant additive isiaboutr Wrparts peamdlliph (ppm HoaboutN200ppm.
-NHaryl al kyl , a branched or straight chain radica
having from 4 to about 24 carbon atons that can be
al kyl, al kenyl, al koxyl, aralkyl alkaryl,
' Rlllfg! Ox%é\lilﬁéﬂ’é)ﬁcc&ﬂin%rfb QA KY, wheBen iR eftlddve ambH Gt kob

dispersant additive is from about 100 to about 2,000 ppm.

19. The use according 16 Claim 1, containing at least one other diesel fuel

additive.

20. The use according to Claim 1, containing at least one other diesel fuel
additive 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, lﬁbricity additives, combustion improvers and mixtures

thereof.
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(CH2)"-NH2, -CH2-aryl-NH2-aryl-NH2 in which n and m

each independently has a value of fromlto about 10;

and, R3 is Hor an alkyl, alkenyl, alkoxy, aral kyl or

al karyl radical having from4 to about 24 carbon

atons. 22. The use according to Caim21, wherein the

N- a2 ly | "Piveusel of nasdbadispeesans aditive in a diesel fuel composition, to provide

phenyl - p- phenyl enedi am ne. -28
soot dispersancy in the cranckcase lubricating oil during engine operation, wherein said
soot dispersant additivé 1s a copolymer of ethylene and a C; - C;¢ 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 1n 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 N-

arylphenylenediamine of the formula:

wherein Ar is aromatic and R' is H or -NHaryl, -NHarylalkyl, a branched or straight
chain rz_idical having from 4 to about 24 carbon atoms that can be alkyl, alkenyl, alkoxyl,
aralfcyl alkaryl, hydroxyalkyl or aminoalkyl; R? is -NHa, -[NH(CHa),-|m-NHa, -CH,-
(CH3),-NH,, -CH,-aryl-NH;-aryl-NH; in which n and m each independeﬁtly has a value
of from 1 td about 10; and, R® is H or an alkyl, alkenyl, alkoxy, aralkyl or alkaryl radical

having from 4 to about 24 carbon atoms.

'22. The use according to Claim 21, wherein the N-arylphenylenediamine is N-

phenyl-p-phenylenediamine.
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