POLYI SOBUTANYL SUCCI NI M DES AND FUEL COVPCSI TI ONS CONTAI NI NG
THE SAME BACKGROUND OF THE | NVENTI ON

Field of the Invention This invention relates to novel polyisobutanyl
succi nim des and derivatives thereof. In a further aspect, this invention
-relates to the use of these conpounds in f-dlel conpositions to prevent and
control engi ne deposits. Description of the
Prior Art It is well known in the art that |iquid hydrocarbon conbustion
fuels, such as fuel oils and gasolines, tend to exhibit certain del eterious
characteristics, either af tRQLYlS@BH&'IAM\ﬂk SUCCINMIPES ANR der act ual
operational conditions use tend to
deposit sludge and var n.Fﬁhﬁﬁﬁl?’%%@ﬁgﬁ%@WMEﬁﬁ&géw i ncl udi ng
carburetor and intake val ves. is desirable, therefore, to fi nd a nmeans

. for inproving liquid hydrocarbon fuel s by |l essening their tendency to |eave
such deposits. U.S. Patent 'BACKGROUND Of THEOINVENTIONui d hydrocar bon
fuel conposition conprising fuel and a detergent anount of an al kenyl

succi ni mi de prepared by reacting an al kenyl succinic acid or anhydride,
wherein the al kenyl substituent is de specific m xture of
Cerr]-CJerr] olefins, with a polya H fetue'lg‘?%fﬂnﬁe This patent teaches
that for unexpected effectiveness as a l'i quid hydrocarbon detergent, it is
essential that the al kenyl group attached to the succinimde be derived
froma m xt ur &his intleatioh relates fo novel pomsnhmamdcsuaelmm@lesmd denivatiyesduct

f | ef I
roman ol ef| nhgrelogoimzralfﬁfather aspect, this invention relates to the use of these

compounds in fuel compositions to prevent and control engine deposits.

Description of the Prior Art

It is well known in the art that liquid hydrocarbon combustion fuels, such as
fuel oils and gasolines, tend to exhibit certain deleterious characteristics,
either after long periods of storage or under actual operational conditions.
Gasolines, for example, in operational use tend to deposit sludge and varnish
at various points in the power system, including carburetor and intake valves.
It is desirable, therefore, to find a means for improving liquid hydrocarbon

fuels by lessening their tendency to leave such deposits.

U.S. Patent No. 4,240,803 discloses a liquid hydrocarbon fuel composition
comprising fuel and a detergent amount of an alkenyl succinimide prepared
by reacting an alkenyl éuccinic acid or anhydride, wherein the alkenyl
substituent is derived from a specific mixture of C,,-C,, olefins, with a
polyalkylene polyamine. This patent teaches that for unexpected
effectiveness as a liquid hydrocarbon detergent, it is essential that the alkenyl
group attached to the succinimide be derived from a mixture of C,¢-C,; olefins

obtained as the “bottoms” product from an olefin oligomerization.
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-2- Eur opean Patent Application No. 376,578 discloses a three-conponent
.additive conposition for reducing carbon deposits in internal conbustion °
engi nes conprising (a) a polyal kyl ene succi nim de, (b) a polyal kyl ene, and
(c) a mneral oil. Also disclosed is a liquid fuel conposition containing
such additive conposition, as well as a metdrod.for cleaning a gasoline

I nternal conbustion engine utilizing this conposition. The sol e exanple

di sclosed in this European application shows the use of a polyisobutyl ene
succinim de additive in intake valve and carburetor cleanliness tests.
However, no rreEumpearsPatedléAiplplicatk)reNanﬁYQ.SBB di$té0$%%ﬂmeepmm§ﬁnﬁ@t used to
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or napht heni c Q%me@&ﬁplﬁﬂsd dixicloger! iBra lquid fursl iconipasition coretaining such
pol yi sobutyl ene succini m de, wherein the polyisobuty]lene group has a

mol ecul ar wei gadd l@ve&@mosam gawvelhas armq@orslﬂ%ﬂ?anwgoﬁagaﬁewr fnéeanal
di ethylene tria
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This British pgfigeurdpddgpplicediohdhowdthedlse dfhz( petyisoBn gueciaimigaent i al

to achieving a reduction in carbonaceous deposits. Pat ent No.
4, 039, 300 di schdditivein mbalpmvaluemmdfmrbumtowclgaalmessﬁestsalH@Wﬁﬁ@tstﬂOon eng| ne

equi pped with at | t b t

hydr b6ar bons. bBIANERY 19 ﬁq@n@bg%x%nﬁolwﬁ’@ze RO RN ATIR Hoaek (o BTePBR e,
det ergent and

corrpr?si ng at ?Léasﬁﬂg percen I%éﬂlgre\h@{%h‘?bf ar%%??gﬁﬁiéé{%%%éﬁgﬁéh )a/m ng an

average nol ecul ar wei ght of 300 to 700 t he detergent and oi | being present
in amounts sufficient to inhibit formati on of deposits on the carburetor.

Among the det eBitish Patenidiosbas.144stisclasesa 9gery Agditive compasjion
succi nim des, prefaranl oy B Sl EN I stRtsS sicBhtfide, 1) polyiferd dFa '€} to

C, unsaturated hydrocarbon, and (c) a paraffinic or naphthenic oil. Example 1
of the British patent discloses a polyisobutylene succinimide, wherein the
polyisobutylene group has a molecular weight of about 900 and the imide
moiety is derived from diethylene triamine, in combination with a paraffinic oil
and about 28 weight percent of polypropylene having a molecular weight of
about 800. This British patent further teaches that all three components are

essential to achieving a reduction in carbonaceous deposits.

U.S. Patent No. 4,039,300 discloses a composition for fueling an internal
combustion engine equipped with at least one carburetor, which comprises a
major amount of hydrocarbons boiling in the gasoline range, a minor amount
of at least one detergent and a minor amount of mineral oil of lubricating
viscosity comprising at least 50 percent by weight of aromatic hydrocarbons
having an average molecular weight of 300 to 700, the detergent and oil
being present in amounts sufficient to inhibit formation of deposits on the
carburetor. Among the detergents disclosed are polyamino-polyalkylene

alkeny! succinimides, preferably polyisobutenyl succinimides. Thus, the thrust



of this patent is the use of an aromatic-rich mneral _oil containing at
least 50 percent aromatic hydrocarbons, in conbination with known detergent
additives. U S. Patent No. 5,393,309 discloses a fuel additive
conposition conprising a polyisobutenyl succinimde derived from

et hyl enedi am ne or diethyl enetri am ne, wher$in t he pol yi sobut enyl group has
an average nol ecul ar wei ght of about 1,200 to 1,500 and a nonvol atile
paraffinic or naphthenic carrier oil, or mxture thereof Li kew se,

Eur opean Patent Application No. 565,285 di scloses a fLieI Qnposi ti o
conprising a n@f Bis patankis tre yse otan arepaticash pyReral ol ining af{eq t to
provi de deterg | ueci ol 4 eaction
of a polyi sobuﬁgﬁ"?%%!;‘@ﬁ“%ﬁ gg%ts‘%gbz‘?"n%r?S@@‘ﬁ‘a@ﬁgq@%ﬁ&%?@é‘%@%{ ne havi ng
at | east one rgddgives hydrogen bonded to an am ne nitrogen. The

pol yi sobut ene substituent is derived froma highly reactive polyi sobut ene.
SUMVARY OF THE | NVENTI ON | have now di scovered that certain

pol yi sobut anyl cGi pim de Lde. excel | ept .cantrol of engine deposits,

opoctally 1 i b ol NeC oI £ 406 Gieioting Bt G30LVR pofordiifen ol BRATGLR

conposi tions. : irhi ' ' ' e those having
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-4- diethylenetriamine, wherein the polyisobutenyl group has an average
molecular weight of about 1,200 to 1,500 and a nonvolatile paraffinic or

na'phthenic carrier oil, or mixture thereof

Likewise, European Patent Application No. 565,285 discloses a fuel _
composition comprising a major amount of a liquid hydrocarbon fuel and, in
an amount to provide detergency, a polyisobutene succinimide derived from
the reaction of a polyisobutene-substituted succinic acylating agent and an
amine having at least one reactive hydrogen bonded to an amine nitrogen.

The polyisobutene substituent is derived from a highly reactive polyisobutene.

SUMMARY OF THE INVENTION

| have now discovered that certain polyisobutanyl succinimides provide
excellent control of engine deposits, especially intake valve deposits, when
employed as fuel additives in fuel compositions. The compounds of the

present invention include those having the following formula:

O
R1

N — (Ro— NH),—H

0O



wherein R err] is a polyisobutanyl group derived froma highly reactive
pol yi sobut ene and having an average nol ecul ar weight in the range of from
about 500 to 5, 000; R2 is a straight- or branched-chain al kyl ene group
havi ng from about 2 to 6 carbon atons; and x is an integer from about 1
to 4. The present invention further provfﬂes a fuel conposition
conprising a maj or anount of hydrocarbons boiling in the gasoline or diesel
range and a deposit-controlling effective anDunt of the conmpound of the
present invention. The present invention is also cqoncerned with a fuel

concentrate ¢ eregp Ry isd H%?thétﬁﬁﬂlgfoﬁpé’@ﬂ”? ifore adughly regftiéht boiling
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factors, the piwsRMO0 toVB0000N is based on the discovery that certain
pol yi sobut anyl succi ni m des, wherein the pol yi sobut anyl group is derived
froma highly reactive poI y| sobut ene and has an average nol ecul ar wei ght of

from about 500_.to 5,000 VI de control ,of. engi ne,de its,
especi al |y on RnBk&t @‘SN} ﬁeiﬁﬁ '3@ SHAR F@%Qg?ﬂ’w&m‘?%
conposi tions. 6 carbon ato DETAI LED DESCRI PTI ON OF THE

| NVENTI ON  The corrpoung's gin the present invention are polyisobutanyl
succi ni m des having the foll ow ng formula:

X is an integer from about 1 to 4.

The present invention further provides a fuel composition comprising a major
amount of hydrocarbons boiling in the gasoline or diesel range and a

deposit-controlling effective amount of the compound of the present invention.

The present invention is also concerned with a fuel concentrate comprising an
inert stable oleophilic organic solvent boiling in the range of from about 150°F
to 400°F and from about 10 to 50 weight percent of the compound of the
present invention. |

Among other factors, the present invention is based on the discovery that
certain polyisobutanyl succinimides, wherein the polyisobutanyl group is
derived from a highly reactive polyisobutene and has an average molecular
weight of from about 500 to 5,000, provides excellent control of engine
deposits, especially on intake valves, when employed as additives in fuel

compositions.



[err] wherein R err], Rerr], and x are as descri bed above.
Preferably, Rerr] is a polyisobutanyl group has an average nol ecul ar

wei ght in the range of about 500 to 3,000, nore preferably about 700 to
3,000, and nost preferably about 900 to 2, 500. Preferably, R2is a

strai ght- or branched-chain al kyl ene group-3avi ng frrom about 2 to 4 carbon
atons. Most preferably, R2 contains about 2 or 3 carbon atons.

Preferably, x is an integer of about 1 or 2.

Definitions Prior to discussing the present invention in further detail,
the following terns will IDETMEB@ESCRIHEIQN@ETHE(WVEI\HHQNS to both
strai ght- and branched-chai n al kyl groups.

- 6- The term"lower alkyl" refers to al kyl groups having fromabout 1 to

6 carbon . the compounds of the present invention are polyisobutanyl succinimides

having the following formula:
0O

N— (Rp— NH),—H

O

wherein R,, R,, and x are as described above.
Preferably, R, is a polyisobutanyl group has an average molecular weight in
the range of about 500 to 3,000, more preferably about 700 to 3,000, and

most preferably about 900 to 2,500.

Preferably, R, is a straight- or branched-chain alkylene group having from
about 2 to 4 carbon atoms. Most preferably, R, contains about 2 or 3 carbon

atoms.
Preferably, x is an integer of about 1 or 2.
Definitions

Prior to discussing the present invention in further detail, the following terms
will be defined.

The term "alkyl" refers to both straight- and branched-chain alkyl groups.



atonms and includes primary, secondary, and tertiary al kyl groups. Typical
lower al kyl groups include, for exanple, nmethyl, ethyl, n-propyl,

i sopropyl, n- butyl, sec-butyl, t-butyl, n-pentyl, n-hexyl, and the |ike.
The term "pol yal kyl" refers to al kyl groups which are generally derived
from pol yol efins which are pol yners or- cope8-yners of nono-ol efins,
particularly 1-nono-ol efins, such as ethyl ene, propylene, butylene, and the
| i ke. Preferably, the nono-olefin enployed will have from about 2 to about
24 carbon atonms, and nore preferably, about 3 to 12 carbon atons. Mre

preferred monoThe ¢éim Slowes lallgd" nefersto atliey] ghoups kandng fram abaltt ity 6 carbon
i sobutyl ene, 1-octene, .and 1-decene. Polyol efins prepared from such

mono- ol ef i ns |ﬁt9mﬁlénﬁdﬂ"§lﬁé¢%9ﬂ@ﬁ&’ %P?Qﬁfyeﬁé tedisey. alwyl graupsy i Batiealene,

Mgty 1 eact i DN Aol SRR, FarRans. St BRBRRRL jsd Rt Bt O

t han 70% of thgutgﬁ%e@%typt_ghtyﬂllIﬁ.pgﬁwplrﬁhamdén@[ﬁg fke.t he vinylidene type,
i.e., represente by the” formila: The term "succinimde" is

understood in the art to incl ude rrany of the am de, imde, etc. species
that are al so r h succi,ni,c _anhydride wth gn am ne
and is so used%ﬁﬁgei g@)@ﬁﬂ ﬁ’aﬂ@ylpﬂrBHﬂﬁl’”h'%ﬁﬁlgéner yg@é’(‘!ﬁﬂ%ﬂrﬂe and
this term has ction
of an ol keny! - POVOIRS: @%@é{@ﬁﬁﬁmﬁgeﬁﬁﬁs@mﬁﬁé’* HorRE OORS Syl
pol yam ne. Al ke-rmbn@bldinlsykuauas lethytembzqarapﬂedesbdnqm andrthemkeus
ref erences and are well known in the art. Cert
Preferably, the mono-olefin employed will have from about 2 to about
24 carbon atoms, and more preferably, about 3 to 12 carbon atoms. More
preferred mono-olefins include propylene, butylene, particularly isobutylene,
1-octene, and 1-decene. Polyolefins prepared from such mono-olefins
include polypropylene, polybutene, especially polyisobutene, and the

polyalphaolefins produced from 1-octene and 1-decene.

The term “highly reactive polyisobutene” refers to a polyisobutene wherein
greater than 70% of the residual olefinic double bonds are of the vinylidene

type, i.e., represented by the formula:

-CH,-C=CH,

CH,

The term “succinimide” is understood in the art to include many of the amide,
imide, etc. species that are also formed by the reaction of a succinic
anhydride with an amine and is so used herein. The predominant product,
however, is succinimide and this term has been generally accepted as
meaning the product of a reaction of an alkenyl- or alkyl-substituted succinic
acid or anhydride with a polyamine. Alkenyl or alkyl succinimides are

disclosed in numerous references and are well known in the art. Certain



fundanmental types of succinimdes and related materials enconpassed by the
termof art "succinimde" are taught in U S. Patent Nos. 2,992, 708;

3,018, 250; 3,018, 291; 3,024, 237; 3,100,673; 3,172,892; 3,219, 666;
3,272,746; 3,361,673; 3,381,022; 3,912,764; 4,234,435; 4,612,132;
4,747,965, 5, 112,507; 5, 241,003; 5, 266, 18657-5, 286, 799; 5, 319, 030;

5, 334, 321; 5, 356,552; 5,716,912, the disclosures of which are hereby

i ncor porated by reference. The term "fuel™ or "hydrocarbon fuel" refers
to normally liquid hydrocarbons having boiling points in the range of

gasol i ne and dfupgemdnial types of succinimides and related mateials @nebnipassbdtbycthe
Procedur es The pol yi sobut anyl succinim des enpl oyed in the 7present

i nvention are terayefrart “succindimida” age daughtyin 68 Patat Nase c2.992, Ay dri de

pol yi sobut eny | S04Bcht & A1fighh $0RLEE2. M roriatBAARIAERET cne o
yi el d the ol ys5ehutaend 36162518 88402240012, 764141084, 455/ 4B 2 49gced Lo the

pol yi sobut anyl 'sucti ni'm des of the present invent’ion. In general, the

pol yi sobut anyl 4,743865; 5eht2,6071 5,244 (0030 5,286, 686 5,286,700 531500801 i on wi | |
have an average nol ecul ar Lght _in the. range of from apout 500 to 5, 000,
preferably -abo@@%@?"ﬁ&-@ﬁéﬂ)ﬁ@g; éﬂ?ﬂé-%ﬁe\“@ %P&Qs?'fﬁ? 9g]WE!“8‘(ﬁf,eﬁ'ﬁ?f8EVmst
preferably ab%&oﬁﬂ)@afe‘agy@& nc The highly reactive polyi sobutenes used to
prepare the prese AT T Ges Car e pol yi sobut enes that conprise at |east
about 70% of the nore reactive nethylvinylidene isomer. Suitable

pol yi sobut enes_i ncl ude those prepared using BF3 catal ysts. The preparation
of 'such pol yi sbieteraeSueh offhydrocawondunl irefeny fo neraalyskigrid hyarmarEQQSa

hi gh percent aghea\ﬁ;\g E)gﬁintgoéo?rlltscqu e ?z'artlg';eogf gasoline and diesel fuels.

General Synthetic Procedures

The polyisobutanyl succinimides employed in the present invention are
prepared by reducing a polyisobutenyl succinic anhydride followed by
reaction with a polyamine as detailed herein. Alternatively, a polyisobutenyl
succinic anhydride may be first reacted with a polyamine to yield the
polyisobutenyl sucqinimide, which in turn, may be reduced to the

polyisobutanyl succinimides of the present invention.

In general, the polyisobutanyl substituent on the compounds of the present
invention will have an average molecular weight in the range of from about
500 to 5,000, preferably about 500 to 3,000, more preferably 700 to 3,000,
and most preferably about 900 to 2,500.

The highly reactive polyisobutenes used to prepare the present succinimides
are polyisobutenes that comprise at least about 70% of the more reactive
methylvinylidene isomer. Suitable polyisobutenes include those prepared
using BF; catalysts. The preparation of such polyisobutenes in which the
methylvinylidene isomer comprises a high percentage of the total composition



is described in U S Patent Nos. 4,152,499 and 4, 605, 808. Such

Jpol yi sobutenes are known in the art as "highly reactive" polyisobutenes.
Exanpl es of suitabl e polyisobutenes having a high al kyl vinylidene content
include Utravis 30, a polyisobutene having a nol ecul ar wei ght of about
1,300 and a nethyl vinylidene content of ab®ut 74% and Utravis 10, a

pol yi sobut ene having a nol ecul ar wei ght of about 950 and a nethyl vi nyli dene
content of about 76% both available fromBritish Petrol eum

Pol yi sobut enyl succinic anhydrides are well known in the art. Various

met hods for ttie desefibedin UrS.dPatpot Nosoh 1568499 sud 4i605%:8@8nhypdichdes i nvol vi ng
the reaction of g polyisobutene and | ei ¢ anhydride. hgave, been descri bed.
Such net hods iRRlYigeRuUtenes &r POWPdEégéaétrﬁf ﬁ"g V(S??ﬁa’ﬁ 89%?@%‘&99?3'The
thermal process is characterized by thermal reaction of a polyisobutene

wi th mal ei ¢ anhydride, as described, for exanple, in U S’ Patent Nos.

3,361, 673 and EBx4mple8M suithblepalyisobeateaies havirgy a bigtt altykinylidene @ontent
Alternatively, the chlorination process is characterized hy the reaction of

a hal ogenat ed ipelugdeddisavisdd, aspeliisabutenerhaying atraelepuiay weaidihk efaboui t h

mal ei ¢ anhydri as (descrihed .for ex | X 172, 892,
which is hereiﬂg?ﬂ(,a('S‘Fjpﬁ)Fr}ﬁt V'@"‘i@%ﬁ%ﬁg& of a'%“ﬂé‘%?’rﬁ@%ﬁﬁ‘{r%%fogﬁcci ni c
anhydri de’ can R4lvic6HUteRE HavinEa Thdlebuldt Weightofiadbeat 950 widod AsthyRylidene
catal yst, such as pall adium on carbon, to Yyield the polyi sobutanyl "succinic
anhydri de. = Tdontent ofiaboiuh 766, both avaitable feom Britishdedraleemt i nventi on can

then be achieved by reacting a polyisobutanyl succinic anhydride with a
sui t abl e pol yanmi ne as shown in the follow ng reaction.

- 9- Polyisobutenyl succinic anhydrides are well known in the art. Various
methods for the preparation of polyisobutenyl succinic anhydrides involving
the reaction of a polyisobutene and maleic anhydride have been described.
Such methods include a thermal process and a chlorination process. The

‘thermal process is characterized by thermal reaction of a polyisobutene with
maleic anhydride, as described, for example, in U.S. Patent Nos. 3,361,673
and 3,676,089, which are herein incorporated by reference. Alternatively, the
chlorination process is characterized by the reaction of a halogenated
polyisobutene, such as a chlorinated polyisobutene, with maleic anhydride, as
described, for example, in U.S. Patent No. 3,172,892, which is herein

incorporated by reference.

The polyisobutenyl succinic anhydride can be reduced by reaction with a
suitable hydrogenation catalyst, such as palladium on carbon, to yield the

polyisobutanyl succinic anhydride.

The polyisobutanyl succinimides of the present invention can then be
achieved by reacting a polyisobutanyl succinic anhydride with a suitable

polyamine as shown in the followihg reaction.



[err] wherein R err], Rerr], and x are as defined above. The
.above reaction will be apparent to those skilled in the art. The reaction
of suitabl e pol yam nes, such as ethyl enediam ne or diethylenetriamne, with
pol yi sobut anyl succi nic anhydride may be conducted in the absence of
solvent, or alternatively, in the presence-®f an inert solvent, such as

tol uene, xylene, Cerr] aromatic hydrocarbons, chloroform 100 neutral

oils, and the like. The reaction is typically conducted at a tenperature in
the range of from about 80[err]C to 200[err]C. Reaction tenperatures in the
range of from about 150[err]C to 170[err]C are generglly preferred.

Particul arly suitable pgbyal kyl ene pol yam nes _are thgse having the fornmul a:
Herr]N-(Rerr] [erf/]-H wherein R2 is a i ght - or branched-chain
al kyl ene group havi om about 2 to 6 carbon a preferably about 2 to
4 carbon atons, nostl pr & eHaNry(RebolH):2 Barpon™atlong N + (82— Nihy1 BreH20
(-CHerr]CHerr]-); a X is an integer from about to 4, preferably about
1 or 2. Particularly @referred pol yal kyl ene pol yarhnes are

et hyl enedi am ne, diethylenetriamne, triethylenetetraam ne, and
tetraet hyl enepent am ne. Mbst

-10-

wherein R,, R,, and x are as defined above.

The above reaction will be apparent to those skilled in the art. The reaction of
suitable polyamines, such as ethylenediamine or diethylenetriamine, with
polyisobutanyl succinic anhydride may be conducted in the absence of
solvent, or alternatively, in the presence of an inert solvent, such as toluene,
xylene, C, aromatic hydrocarbons, chloroform, 100 neutral oils, and the like.
The reaction is typically conducted at a temperature in the range of from
about 80°C to 200°C. Reaction temperatures in the range of from about

160°C to 170°C are generally preferred.

Particularly suitable polyalkylene polyamines are those having the formula:
HzN_(Rz "NH)X—"H

wherein R, is a straight- or branched-chain alkylene group having from about

2 to 6 carbon atoms, preferably about 2 to 4 carbon atoms, most preferably

about 2 carbon atoms, i.e., ethylene (—CH,CH,—); and x is an integer from

about 1 to 4, preferably about 1 or 2.

Particularly preferred polyalkylene polyamines are ethylenediamine,

diethylenetriamine, triethylenetetraamine, and tetraethylenepentamine. Most



preferred are ethyl enedi am ne and di et hyl enetriam ne, especially

et hyl enedi am ne. Many of the polyam nes suitable for use in the present

i nvention are comrercially avail able and others nay be prepared by nethods
that are well known in the art. For exanple, nethods for preparing am nes
and their reactions are detailed in Sidgewék' s "The Or'ganic Chem stry of
Ni trogen”, C arendon Press, Oxford, 1966; Noller's "Chem stry of Organic
Compounds", Saunders, Phil adel phia, 2nd Ed., 1957; and Kirk-Qhne's

"Encycl opedi a of Chem cal Technol ogy', 2nd Ed., especially Volune 2, pp.
99- 116. Al t eprefeired|are etindlepediniind ahdjéthglenetrisininenagpiedially may be fir st
reacted with the pol yam ne. The resulting polyisobutenyl succinimde may
then be. reduce@thylengdiad@inge pol yi sobutanyl succininmide of the present

i nvention with a suitable hydrogenation catal yst, such as pall adi um on
carbon. The reaction of a polyamne with an al kenyl or al kyl succinic
anhydride to ngj-Hpﬁ YN 4 pregent imvehtieniage Wwel | known
inthe art and Is destgfrerwld, f(??sgggﬁp@ﬁgrg?%mu S. pPatent Nos. 3,018, 291;

3, 024, 237; 3, 1zomsarciatly zvaijlable; argl athersmaytmprepamwmae@dsmat afedwell
3,443, 918. The ounds
of the present KNAYB/R thead, £ %@@mp'ﬁénﬁglﬂ% f%g"q%"ﬂ&ﬁ"ﬁ@&ﬂﬂﬂﬁ @'1 tillate

fuel's boi ling_idhddifis s Yetdifedh SIHESRIcKS298 OMRIC CABRIISAPBE RRHSH*ON Of

additive necessary I n or det erge cy an

di spersancy vaOlmndepﬂréssn,g)ﬂmdl, 1966; quler'sf'Chanﬁstgfm Oygehic Compouwrsdstice
of other detergents, dispersants, and other additives, etc. Generally,

however, from ndeaa %adem@.mw W8pgnand BtrLszthmris tEnayclopsdia abo t o
2, 500 ppm _of gﬁ%p@é%ff{éhn%?ﬂy},fﬁd BY, ¥ebial, Viiifie'2 Pp. gd-ffgded to

achi eve the be

Alternatively, the polyisobutenyl succinic anhydride may be first reacted with
the polyamine. The resulting polyisobutenyl succinimide may then be
reduced to yield the polyisobutanyl succinimide of the present invention with a
suitable h'ydrogenation catalyst, such as palladium on carbon.

The reaction of a polyamine with an alkenyl or alkyl succinic anhydride to
produce a polyamine alkenyl or alkyl succinimide is well known in the art and
is described, for example, in U.S. Patent Nos. 3,018,291; 3,024,237,
3,172,892; 3,219,666; 3,223,495; 3,272,746; 3,361,673; and 3,443,918.

FUEL COMPOSITIONS

The compounds of the present invention are useful as additives in
hydrocarbon distillate fuels boiling in the gasoline or diesel range. The proper
concentration of additive necessary in order to achieve the desired
detergency and dispersancy varies depending upon the type of fuel
employed, the presence of other detergents, dispersants, and other additives,
etc. Generally, however, from about 50 to 7,500 ppm by weight, preferably
from about 300 to 2,500 ppm, of the present additive per part of base fuel is
needed to achieve the best results.



The deposit control additive may be formul ated as a concentrate, using an
inert stable ol eophilic organic solvent boiling in the range of from about
150[err]F to 400[err]F. Preferably, an aliphatic or an aromatic hydrocarbon
solvent is used, such as benzene, toluene, xylene or higher-boiling
aromatics or aromatic thinners. Aliphatic alicohols of fromabout 3 to 8
carbon atons, such as isopropanol, isobutylcarbinol, n-butanol, and the

i ke, in conbination with hydrocarbon solvents are also suitable for use
with the detergent-dispersant additive. In the concentrate, the anmount of
the present additive will be ordinarily at |east fromabout 10 wei ght
percent and general ly not exceed about 70 wei ght percent, preferably about
10 to 50 wei ghTheslepesit cantrohadditiys atayrbafor ed ase congantigde gusing@ncent .

of Che_pr esent mereAblecateopfilis Bisanc SpEELaliSe B e rnGndiddm ahoilt 60°F °°
-but yl hyl i -
anganese ) TR POERA P aRRERs o 4o A G LB SRR Rkbec,
hydrocarbyl. anki@s as heAzeaar teilene? kylehs)or Highertilirareaatidsys foaidiid

pol y(oxyal kyl ene) am nocar bamates, succi ni mdes, or Mnni ch bases.
Addi tional |y, thinnersi Aliphafic aleohols of from about 3 tan8 darkon atoms,sushag, be

present. ~ In diesel fuels, other. | I.- known additi.ves can .be enplqyed,
Blich as pour pBoRToRANSHdeSbiyEartindls mbHiRgHk p8d e kein SRR WERG e
li ke. A fuel | T |} | | ed
with the polyi rs'g@l&tugtb-ﬁ" S0 RS b ofed &ifaLfé fdr Ut 1 ool diSpetatie o]
is a chem cal | gdditieet iy coroentrate, the ldnsountapiitle prdsent edditiveotill be
substantially ingreases the nonvolatile residue (NVR), or solvent-free

liquid fractiofrdinanlyat faast frepiabout] Quveight percast angraanarally gotexraadout i ng
Synthetic or 2Ra el @Bifens; eribly Bipd 0 € S5Welbheperint'dha ost

-12- preferably about 10 to 25 weight percent.

In gasoline fuels, other fuel additives may be employed with the additives of
the present invention, including, for example, oxygenates, such as t-butyl
methyl ether, antiknock agents, such as methylcyclopentadienyl manganese
tricarbonyl, and other dispersants/detergents, such as hydrocarbyl amines,
hydrocarbyl poly(oxyalkylene) amines, hydrocarbyl poly(oxyalkylene)
aminocarbamates, succinimides, or Mannich bases. Additionally,

antioxidants, metal deactivators and demulsifiers may be present.

In diesel fuels, other well-known additives can be employed, such as pour

point depressants, flow improvers, cetane improvers, and the like.

A fuel-soluble, nonvolatile carrier fluid or oil may also be used with the
polyisobutanyl succinimides of this invention. The carrier fluid is a chemically
inert hydrocarbon-soluble liquid vehicle, which substantially increases the
nonvolatile residue (NVR), or solvent-free liquid fraction of the fuel additive
while not overwhelmingly contributing to octane requirement increase. The

carrier fluid may be a natural or synthetic oil, such as mineral olil, refined



petroleumoils, synthetic polyal kanes and al kenes, including hydrogenat ed
.and unhydr ogenat ed pol yal phaol efins, and synthetic polyoxyal kyl ene-deri ved
oils. Such carrier fluids are described, for exanple, in U 'S. Patent No.
4,191,537 to Lewis, and pol yesters, such as those described, for exanple,
in U S Patent Nos. 3,756,793 to RobiRson.gnd 5,004,478 to Vogel et al.,
and in European Patent Application Nos. 356,726, published March 7, 1990,
and 382, 159, published August 16, 1990. These carrier fluids are believed
to act as a carrier for the fuel additives of the present invention and to
assist in re _étf&eﬁﬂ%irs?b?ﬁlﬂbﬂé pORRAGINES-anth&IkeRES, iRElubiing Kydroyenated

exhi bit synerdistic deposit control” properties when used in conbination
with a polyi sadnd anlyydregenatedrpalyalpbéolefing, and/synthetic polyokyalsyleneederiviedi ds

are typically enployed in nts rangin rom abqut. to .5 000 ppm by
wei ght of t he HilpaPYERASGHE ‘H? afﬁg?%‘g'ﬁ’ﬁ%yg%ftﬁiﬁ“ GO'Wﬁ%,F&ﬁhgpm of the
fuel. Prefera , | :.C ' ' It | fpddi tive
will range frg{r]rﬁ¥ 'a%’gg'? ’géﬁgepcll'%lsigﬁqPS%&%{e&%’%el#c@r%%ﬁ@%gbdoﬁ&ﬁ?g% ];d(?)' 4:1, nost
pref erabl y -abasjtardple; in U\S1ePatenbNos £8,766,793f tocRolinsore ahd 8,804 d3Brtoer 1 ui ds

w Il generally be present in _anmounts_ranging from about 20 to 60 wei ght
percent, pref e\l@gﬂlptaboandmau@oww@a@m% Applicatian Nos. 356,726, published
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limting the scope of the invention.

These carrier fluids are believed to act as a carrier for the fuel additives of the
present invention and to assist in removing and retarding deposits. The
carrier fluid may also exhibit synergistic deposit control properties when used

in combination with a polyisobutanyl succinimides of this invention.

The carrier fluids are typically employed in amounts ranging from about 100
to 5,000 ppm by weight of the hydrocarbon fuel, preferably about 400 to
3,000 ppm of the fuel. Preferably, the ratio of carrier fluid to deposit control
additive will range from about 0.5:1 to 10:1, more preferably about 1:1 to 4:1,

most preferably about 2:1.

When employed in a fuel concentrate, carrier fluids will generally be present
in amounts ranging from about 20 to 60 weight percent, preferably about 30

to 50 weight percent.
EXAMPLES
The following examples are presented to illustrate specific embodiments of

this invention and are not to be construed in any way as limiting the scope of

the invention.



Exanpl e 1 .Preparation of [err] A
solution of 27.3 granms of polyi sobutenyl succi ni ¢ anhydride (0.03 nol es,
saponi fication nunber = 107.4, derived from pol yi sobut ene whi ch had an
approxi mat e nol ecul ar wei ght of 950 and a net hyl vi nyl i dene content of 86%
in 150 nL of ethyl acetate-.and 75 nL of tel3dene containing 1.4 granms of 10%
pal | adi um on charcoal was hydrogenated at 40 psi for 24 hours on a Parr

| ow pressure hydrogenator. The catalyst was filtered away and the sol vent
was renoved in vacuo to yield the desired polyisobutyl succinic anhydride.

Exanple 2 . Pi@mpleiton of [err] To a
flask equi pped with a nmechanical stirrer, Dean-Stark trap, thernoneter,
refl ux condenser and nitrogen inlet was added 10.2 grans of

pol yi sobut yl succi ni ¢ anhydride (0.01 Wéﬁaﬁ‘éﬁéﬁ%@ Exanpl e 1.

O

O
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O

A solution of 27.3 grams of polyisobutenylsuccinic anhydride (0.03 moles,
saponification number = 107.4, derived from polyisobutene which had an
approximate molecular weight of 950 and a methylvinylidene content of 86%)
in 150 mL of ethyl acetate and 75 mL of toluene containing 1.4 grams of 10%
palladium on charcoal was hydrogenated at 40 psi for 24 hours on a Parr
low-pressure hydrogenator. The catalyst was filtered away and the solvent

was removed in vacuo to yield the desired polyisobutylsuccinic anhydride.

Example 2

Preparation of

o
N

M g
O

To a flask equipped with a mechanical stirrer, Dean-Stark trap, thermometer,
reflux condenser and nitrogen inlet was added 10.2 grams of

polyisobutylsuccinic anhydride (0.01 moles) from Example 1.



- 14- Et hyl enedi am ne (6.5 nL, 0.10 noles) was added dropw se and the
mxture was heated to 180[err]C for 36 hours to yield 10.4 grans of the
desired succinimde as a viscous oil after cooling to roomtenperature. 'H
NVR (CDCl [err]): 07-40(m 146H) . Conmparative
Exanmple 1 Pygparation of [err] To a
flask equi pped with a mechani cal sti rrer, Dean-Stark trap, thernoneter,
refl ux condenser and nitrogen inlet was added 41.2 grans of the

pol yi sobut enyl succi ni ¢ anhydride (0.04 noles) enployed as the starting
material in Ex%mg, shadditire
dropw se and the L‘?‘)?#bare Wa@e'ﬂgg’t y?@d&g[\’g@rﬁra%d%gg gﬁﬁ%ﬁfﬁg to yield 42.9
grans of the dgas hedteritoct30°Ci foe 38hours teyields10.4| gramscof thedlasingdt o r oom

. H N 7-4. .
Eﬁgﬁg[ 2t gr © [seurcrcllmmldl\éRag %Q/%coeursrm m@oﬁmgﬁﬁgﬁmﬁm}% I-JIW he

fol |l ow ng teSt(%DéQfO?PA% aﬂ’b%&qyl succi ni m des of the present invention

Comparative Example 1

Preparation of
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To a flask equipped with a mechanical stirrer, Dean-Stark trap, thermometer,
reflux condenser and nitrogen inlet was added 41.2 grams of the
polyisobutenylsuccinic anhydride (0.04 moles) employed as the starting
material in Example 1. Ethylenediamine (26 mL, 0.10 moles) was added
dropwise and the mixture was heated to 180°C for 36 hours to yield 42.9
grams of the desired succinimide as a viscous oil after cooling to room
temperature. 'H NMR (CDCl,): 4.8 (m, 2H), 0.7-4.0 (m, 142H).

Example 3

Deposit Control Evaluation

In the following tests, the polyisobutanyl succinimides of the present invention
were blended in gasoline and their deposit control capacity tested in an
ASTM/CFR Single-Cylinder Engine Test.



were bl ended in gasoline and their deposit control capacity tested in an
ASTM CFR Si ngl e-Cyl i nder Engi ne Test. In carrying out the
tests, a Waukesha CFR singl.e-cylinder engine is used. Each run is carried
out for 15 hours, at the end of which tinme the intake valve is renoved,
washed wi th hexane and wei ghed. The previel& y determ ned wei ght of the
clean valve is subtracted fromthe weight of the valve. The difference

bet ween the two weights is the weight of the deposit. A |esser anount of
deposit neasured indicates a superior additive. The operating conditions of
the test are as follows: water jacket tenperature 200[err]F; manifold

BTG angi ne. sp@AAng OUbii lsals: aialkamia GE Bhafe-eides shaid B Uossty ol |
The amount of EaKPAIRRSOHTd SRR H°‘W1°‘a% 8 BFwhith b AKE intBkY Yane®

measured and repor oW n
TABLE | is removed, washed W|th hexane and welgheUnt'H@piﬂévlmlPdBtE'h’ﬂné@I ght
(in mlligramns) Run

Sanpl e 1 Run
Average Base Waight of the clean valve is su]btracteghfmrs the weight Qfdgeyalve The 271.8
Exanpl e 2 arative

Exanple 1 diffgrenge between%ﬁe Qwo weights is the.wejght of the agao%[r ggggﬁqr

mllion activ m()Eiﬁi'@f)d itReBBireRfindicates a superior additive. The operatin
a- hydr oxy-[ er ﬁ - dodecyl phenoxypol y( oxypr opy?%ne% havi ng an a\?er ageg of

12- 13 oxypr opytanditians d)fsthe;ieslweeas Mewstwatéryadcetdiemperaianb Pa0Hanphibold@ of
U S Pat. -No. 4,160, 642% carrier oil The base fuel emp gedoi n the
above singl e- c‘{ﬁqtlh'ﬂép - r'égst@%f@l\ﬁﬁtéo af 12:dgnitign s@@f’éﬂ@"ﬂmp 482BT&6sol i ne

containing no ér%’gefll\e %S&S& R ,t80 ; ;A& Crankcase oil is a commercial 30W oil. The
amount of carbonaceous deposit in milligrams on the intake valves is
measured and reported in the following Table 1.

TABLE |
Intake Valve Deposit Weight
(in milligrams)
Sample' Run 1 Run 2 Average
Base Fuel 2745 269.1 2718
Example 2 143.0 143.0
Comparative Example 1 163.0 - 163.0

At 50-parts per million actives (ppma) and 50 ppm of
a-hydroxy-w-4-dodecylphenoxypoly(oxypropylene) having an average of
12-13 oxypropylene units (prepared essentially as described in Example 6 of
U.S. Pat. No. 4,160,648) carrier oil.

The base fuel employed in the above single-cylinder engine tests was a
regular octane unleaded gasoline containing no fuel detergent. The test
compounds were admixed with the base fuel to give a concentration of 50

ppma (parts per million actives) and 50 ppm of a-hydroxy-w-4-



conpounds were adni xed with the base fuel to give a concentration of 50
ppma (parts per mllion actives) and 50 ppm of a-hydroxy-[err]-4-

-16- dodecyl phenoxypol y( oxypropyl ene) having an average of 12-13
oxypropyl ene units (prepared essentially as described in Exanple 6 of U S.
Pat. No. 4, 160,648) carrier oil. The dat1®-in Table | illustrate the
reduction in intake valve deposits provided by the polyi sobutanyl
succinim de of the present invention (Exanple 2), even at a very | ow
concentration. -17- VWHAT | S

CLAIMED | S:  dbdecylphenoxypoly{oxypropglene) haviag greavdrage of 12-13 oxypropylene
units (prepared essentially as described in Example 6 of U.S. Pat.
No. 4,160,648) carrier oil.

- The data in Table | illustrate the reduction in intake valve deposits provided by

the polyisobutanyl succinimide of the present invention (Example 2), even at
a very low concentration.



wherein Rlerr] is a polyisobut anyl group derived froma highly reactive
pol yi sobut ene havi ng an average nol ecul ar weight in the range of from

about 500 to 5, 000; : R2 is a straight- or branched-chain al kyl ene
group havi ng from about 2 to 6 carbon atons; and X 1S an
I nteger fromabout 1 to 4. 2. The conptind according to CGaiml,
wherein R err] is a polyisobutanyl group derived froma highly
reactive pol yi sobut ene havi ng an aver age nol ecul ar weight in the
range of from about 500 to 3, 000. 3. The conpound according to Caim 2,
wher ei n R er r [WHATR I$ CLAKEDHSOY | group derived froma highly
reactive pol yi sobutene having an average nol ecul ar weight in the
range of from about 700 to 3, 000. ) The conpound according to Caim 3,
wherein Rlerr],is group derived-f+roma-highly
reactive polyi gobut%%&%@ﬁﬁéﬁtﬂgy@%& nol ecul in the
range of from about 900 to 2,500. : The HQ Wi h‘]lmg to
Caim4, wherein the highly reactive O poI yi sobut e ast
about 70% of a methyl vinyli deR I somer . . .The corrpound accor di ng
to Caim1l, wherein R2 is an alk ne group hawngfromabout 2to 4
- carbon at ons. N— (Ra— NH),—H
o)

wherein R, is a polyisobutanyl group derived from a highly reactive
polyisobutene having an average molecular weight in the range of from
about 500 to 5,000;

R,is a straight- or branched-chain alkyléne group having from about 2

to 6 carbon atoms; and
X is an integer from about 1 to 4.

2. The compound according to Claim 1, wherein R, is a polyisobutanyl
group derived from a highly reactive polyisobutene having an average

molecular weight in the range of from about 500 to 3,000.

3. The compound according to Claim 2, wherein R, is a polyisobutanyl
group derived from a highly reactive polyisobutene having an average

molecular weight in the range of from about 700 to 3,000.

4, The compound according to Claim 3, wherein R, is a polyisobutanyl
group derived from a highly reactive polyisobutene having an average

molecular weight in the range of from about 900 to 2,500.



7..  The conpound according to Claim®6, wherein R2 is an al kyl ene group

chavi'ng about 2 or 3 carbon atons. 8. The conpound according to Claimi1,
wherein x is an integer about 1 or 2. 9. A fuel conposition
conprising a major amount of hydrocarbons boiling in the gasoline or
di esel range and an effective detergent ambd8nt of a conmpound of the
forml a: [err] wherein R err] is a polyisobutanyl group
derived froma highly reactive pol yi sobut ene havi ng an aver age

nol ecul ar weight in the range of from about 500 to 5, 000;

Rerr] is a st5.ai ghThe oomoandr&nemagmﬂlmm émhgmmmmh@mwreawmabout 2
to 6 carbon atons; The fuel rrB % accgrdlryﬂ to Caim9
wherein Rlerr] is a°°|Y'30bUteﬁ‘§I(§ﬂr§%'B§taéll\%ﬂSt@%8 b/A& 9 PRI

reactive polyi sobutlgﬁﬁ?r havi ng an average nol ecul ar wei ght in the
range of from about to

6. The compound according to Claim 1, wherein R, is an alkylene group

having from about 2 to 4 carbon atoms.

7. The compound according to Claim 6, wherein R, is an alkylene group

having about 2 or 3 carbon atoms.

8. The compound according to Claim 1, wherein x is an integer about 1 or
2.
9. A fuel composition comprising a major amount of hydrocarbons boiling

in the gasoline or diesel range and an effective detergent amount of a

compound of the formula:

| LT ——a

N— (Rz— NH)—H
o
. wherein R, is a polyisobutanyl group derived from a highly reactive

polyisobutene having an average molecular weight in the range of from
about 500 to 5,000;



3, 000. 11. The fuel conposition according to Caim 10, wherein R err]

a pol yi sobut anyl

havi ng an average nol ecul ar weight in the range of from about 700 to
3, 000. 12. The fuel conposition according to Caim 11, wherein R err]

a pol yi sobut anyl group derived from®-highly reactive polyi sobut ene

havi ng an average nol ecul ar weight in the range of from about 900 to
2, 500. 13. The fuel conposition according to Claim12, wherein the
hi ghly reacti ve polyi sobutene contains at |east about 70% of a

met hyl vi nylLi dene i fyieia straight- orbeanched-chaip ediiensgrupohaNing fios epayuhed o,
wherein R2 is an alkyl en ¢ gro(g 0
at ons. 1%. The f (@ %ﬁﬁ%ﬁ?mﬁna% cording to C ai m 14, wherei-n—R2—-s—an

p having fromabout 2 to 4 carbon

al kyl ene group having about 2 or 3 carbon atons

- 20- 16. The fuel conposition according to Claim HmmmﬂHrwImlﬂwpm

i nt eger aboutx i¢ amrinfeget from @beuf 1éd 4conposi ti on accor

wherein said conposition

mllion by weight of said conmpound.

10.

11.

12.

13.

14.

15.

The fuel composition according to Claim 9 wherein R, is a
polyisobutanyl group derived from a highly reactive polyisobutene
having an average molecular weight in the range of from about 500 to
3,000.

The fuel cbmposition according to Claim 10, wherein R, is a
polyisobutanyl group derived from a highly reactive polyisobutene
having an average molecular weight in the range of from about 700 to
3,000.

The fuel composition according to Claim 11, wherein R, is a
polyisobutanyl group derived from a highly reactive polyisobutene
having an average molecular weight in the range of from about 900 to
2,500.

The fuel composition according to Claim 12, wherein the highly
reactive polyisobutene contains at least about 70% of a

methylvinylidene isomer.

The fuel composition according to Claim 9, wherein R, is an alkylene

group having from about 2 to 4 carbon atoms.

The fuel composition according to Claim 14, wherein R, is an alkylene
group having about 2 or 3 carbon atoms.

group derived froma highly reactive pol yi sobut ene

contains fromabout 50 to 2,500 parts per

i's

S

91



18." A fuel concentrate conprising an inert stable ol eophilic organic

sol vent boiling in the range of from about 150[err]F to 400[err]F and
fromabout 10 to 70 wei ght percent of a conpound of the fornul a:

[err] wherein R err] is a polyisobutanyl group derived froma
highly reactive pol yi sobut ene havi nggoan average nol ecul ar weight in
the range of from about 500 to 5, 000; R2 is a straight- or
branched- chai n al kyl ene group having from about 2 to 6 carbon atons;
and X is an integer fromabout 1 to 4. 19. The fuel concentrate

according to @eai mThe fushesmpbsiba actoidingito Claim fovyersirbutisanlintggenp
derived froma highly reactive pol yi sobut ene havi ng an aver age
mol ecul ar wei ght i @bobb1raiZge of from about 500 to 3, 000.

20. he fuel ' ' 9 | . S.;
ol yi sobut anyl17or oe0el vaapsr BN 2orPing 4 Gl $aiielh Saf ddmpdsifon
having an average RBhEsHS AbnfBHEIN 50 f 2500 RIEEPS MR WIS aicd

3, 000.
compound.

18. A fuel concentrate comprising an inert stable oleophilic organic solvent
boiling in the range of from about 150°F to 400°F and from about 10 to

70 weight percent of a compound of the formula:

_—_

LT —

O

N— (Ra— NH),—H

O

wherein R, is a polyisdbutanyl group derived from a highly reactive
polyisobutene having an average molecular weight in the range of from
about 500 to 5,000;

R, is a straight- or branched-chain alkylene group having from about 2

to 6 carbon atoms; and
X is an integer from about 1 to 4.

19.  The fuel concentrate according to Claim 18, wherein R, is a
polyisobutanyl grodp derived from a highly reactive polyisobutene
having an average molecular weight in the range of from about 500 to
3,000.



- 21." The fuel concentrate according to Claim20, wherein Rerr] is a
pol yi sobut anyl group derived froma-highly reactive polyi sobutene

havi ng an average notecutar weight in the range of from about 900 to

2, 500. um'”"m'" ncentrate according to Claim 21, wherein the
highly r l” myl sobutene cont aiys at | east about 70% of a

met hyl vi nyl i‘derte ® s~ +soner The fuel concentrate according to
Claim 18, wherein Rerr] is an al kyI ene group having fromabout 2 to
4 carbon atons. 24. The fuel concentrate according to Caim 23, wherein
R2 is an al kylgne The fuedtontertrateRtco t@Claimd1g;avtvereireRoisa  25.  The
fuel concentrate according to Caim 18, erein x is an integer about
1 or 2. polyisobutanyl group derived from a highly reactive polyisobutene

having an average molecular weight in the range of from about 700 to
3,000.

21.  The fuel concentrate according to Claim 20, wherein R, is a
polyisobutanyl group derived from a highly reactive polyisobutene
having an average molecular weight in the range of from about 900 fo
2,500.

22. The fuel concentrate according to Claim 21, wherein the highly reactive
polyisobutene contains at least about 70% of a methylvinylidene

isomer.

23. The fuel concentrate according to Claim 18, wherein R, is an alkylene

group having fromi about 2 to 4 carbon atoms.

24. The fuel concentrate according to Claim 23, wherein R, is an alkylene

group having about 2 or 3 carbon atoms.

25. The fuel concentrate according to Claim 18, wherein x is an integer

about 1 or 2.



