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T"g 47 SUBSTI TUTED POLYOXYALKYLENE COVPOUNDS This invention relates to .
substltuted pal yoxyal kyl ene conpounds and particul arly; akfhqugh not e, ceen

r

exclwlvely, to the use of such co unds as rust inhibidors:in, {or
"e,~ | ubri cat i ngrhelsheecb Pol yoxyal kyl ene 'corrpounds-have beerr
reI atd'vely widely use in |ubricati ng oil conpositions. For
exanpl e, European Pat No. -0 309 105 (Exxon) di scl oses
non-ioni ¢ surfactants such as pol yoxyal kyl ene pol yol s and esters thereof
whi ch are stated to be useful as ashless rust inhibitors in lubri
oils. Preferred polyols are prepared as bl ock copolynmers so that the
conpounds have bot h hydr ophsiisiseIEMEDPhyalYORMIKYELERB raaMPeBNDSPl ur oni ¢ ( Tr ade
Mar ki polyols are stated to be particularly well suited as rust inhibitors.

This invention relates to substituted polyoxyalkylene
compounds and particularly, although not exclusively, to the use
of such compounds as rust inhibitors in, for example, lubricating
0il compositions. '

5 Polyoxyalkylene compounds have been relatively widely used
as additives in lubricating oil compositions. For example,
Buropean Patent Application No. O 309 105 (Exxon) discloses non-
tonic surfactants such as polyoxyalkylene polyols and esters

r thereof which are stated to be useful as ashless rust inhibitors

10 in lubricating oils. Preferred polyols are prepared as block

copoiymers so that the compounds have both hydrophobic and
hydrophilic portions. Pluronic (Trade Mark) polyols are stated to
be particularly well suited as rust inhibitors,

U.S5. Patent No. 3 509 052 {Lubrizol) discloses lubricating

15 compositions which include a polyoxyalkylene polyol emulsifier

(or an ester thereof). Preferred polyols have hydrophobic and
hydrophilic portions. Pluronic (Trade Mark) polyols are stated to
be preferred. '

U.S. Patent No. 3 784 474 (Chevron) discloses a lubricating

20 0il composition including a rust inhibitor in the form of a

polyoxyalkylene polyol, glycol, ester or urethane. Preferred
poiyoxyalkylene glycols include propylene oxide polymers or block
‘copolymers. Pluronic (Trade Mark) polyols are disclosed as
commercially available examples of suitable polyols. The

25 specific examples in the patent describe rust inhibitors prepared

using a polyoxyalkylene glycol block copolymer of oxypropylene
and oxyethylene units.

U.S. Patent No. 3 933 663 (Chevron) discloses a lubricating

composition including an acid neutralisation accelerating
30 compound in the form of a polyalkoxylated compound. Suitable
compounds are stated to include certain block copolymers of

propylene oxide and ethylene oxide such as Pluronics (Trade
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Pr ef erred pol on S i c and hydrophilic port |'or35v r PRurioni G, **e,
(Tr| Mar k) pol yo to be preferred. U.S.“‘Pat'ent 0.3 784" 422
(Chevron) discloses a lubricating oil conposition including a rust
inhibitor in the formof a pol yoxyal kyl eaez pol on gl ycol, ester or

ur et hane. Pref |e y p ne oxi de

pol ymers or bl ggc copgﬂl‘%%%gu%l qu;%r%-T%cLa %’(l)“lfaa sMallékf % ¥?§° are discl osed
as ponmmer ci al I*ymeivigiathbte exanpl es of suitable pol on s The specific

exanples in the pabeglt pA@ShY IN3S § ush whl(lahmrzslprm%ﬁegley%'lﬂgsﬁum
pol yoxyal kyl ene@%:t ycol Dbl ock copol yner of oxypropylene and oxyet hyl ene

uni fs. U.S. PafeoNgdic $§35s pFsriistedrbig adpelycgshexygic acid acylating

5 agent and at least one polyoxyalkylene alcohol which is a block

U 3 Patent No. 3,5Q9 052 (Lubrizol) discloses |ubricating conpositions
whi ch i n¢gl ude,a po ﬁ“gﬁa‘a‘p‘él yol emulsifier (or-fan‘®ster,tlterep) e

copolymer which includes hydrophobic and hydrophilic portions.
Suitable polyoxyalkylene alcohols are stated to be the Pluronic
{Trade Mark) polyols.
U.S., Patent No. 4 493 776 (Shell} discloses a lubricating

10 oil composition including a supplemental rust inhibitor which
comprises a mixture of at least one compound selected from alkyl,
aryl, alkaryl or arylalkyl-substituted oxyethylene ethanol or
oxypropylene propanol; and one compound selected from alkyl,
aryl, alkaryl or arylalkyl-substituted copolymers of ethylene

15 oxide and propylene oxide.

U.S. Patent No. 5 204 012 (Ethyl Corportion) discloses a
lubricating oil composition which includes an esterification
product having a total acid number (TAN) in the range about 10 to
about 40 prepared by reacting ethylene oxide/propylene oxide

20 block copolymer with a long-chain monocarboxylic acid.

This invention is based upon the discovery of a class of
substituted polyoxyalkylene compounds which have unexpectedly
advantageous properties when used in, for example, lubricating
oil compositions.

25 According to the invenfion, there is provided a

polyoxyalkylene compound of general Fformula

I
rRl-a-x-c-g? I
wherein
30 Rl represents a hydrogen atom or an optionally substituted

alkyl, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl, alkylaryl

or heterocyclyl group;
R2 represents an optionally substituted alkyl, alkenyl,

alkynyl, aryl, arylalkyl, cycloalkyl, alkylaryl, heterocyclyl,
35 alkoxy, aryloxy, alkylamino, dialkylamino or arylamino group;



-2-{lubricating T #@B@mfwmahmdlng an acid neutralisation accelerating
conpoynd jin the f | koxyl at ed conpound. SU|tébIe tompounds, are
copol yners of propylehe,oxrde and ethwréne

ra e

stajed to include
oxi de~such as Pluronlcs Mark). The structure of" t'he cohpdtnds i sre-

stated to be anphipathic. U S. Patent No. 3 957 854 (Lubrizol) discloses
oi |l j sol ubl e carboxylic esters prepared usiang a pol ycarboxylic acid

acy|] ati ng age o] Ik n cohol is a bl ock
coppl yner mhigi |ﬁcf’ged1 %@d?ggﬁbggéxaﬁ %#gbﬁ ﬁqc Bgrtlons Sui t abl e
pol yoxyal kyl ene al ¥otepicssente Stmle!axmfowlem chpin omi & {aTeer copnt Kyer

pol }’Ol s. U S &ateRlidie o1 B rdhf b oNBlilak, UL LASESg8n atom of group X

is bonded directly to the R2CO- moiety.

5 It has been found unexpectedly that the polyoxyalkyiene
compounds of general formula I are advantageous rust inhibitors
in lubricating oil compositions in comparison to other
polyoxyalkylene rust inhibitors which include, for example, a
block copolymeric polyoxyalkylene chain prepared using a Pluronic

10 {(Trade Mark} polyol. 1In particular, polyoxyalkylene compounds of

general formula I may exhibit improved package stability and/or
rw have low acid values, whilst still having satisfactory rust
inhibition properties.

Generally, when any moieties described herein comprise an

15 alkyl, alkenyl or alkynyl group, the group may be linear or
branched and preferably contains 1 to 50, more preferably 1 to 25
and, still more preferably, 2 to 20 carbon atoms. When any
moieties described herein comprise an aryl group, the group may
be an optionally substituted phenyl group. When any of the

20 moieties comprises an arylalkyl group, the group may be an
optionally substituted benzyl group.- Preferably, phenyl or
benzyl groups are unsubstituted or substituted by an alkyl group.
When any noieties described herein comprise a cycloalkyl group,
the group may contain from 3 to 8, preferaby 3 to 6, carbon

1 25 atoms, e.g. a cyélopentyl oxr cyclohexyl group. When any of the

| moieties comprises a heterocyclyl group, the group may be any
saturated or unsaturated ring system, e.g. a C¢~Cq ring system,
containing at least one heteroatom selected from oxygen, nitrogen
and sulphur, 5- and 6-membered rings being especially preferred,

30 e.g. a tetrahydrofuranyl, furanyl, piperidinyl, pyridinyl,
tetrahydrothiophenyl or thiophenyl [thienyl) group.

Examples of substituent groups include halogen atoms {e.q.
chlorine atoms), nitro, hydroxyl, carboxyl, amino, cyano, formyl,
alkoxycarbonyl, alkanoyl, alkylthio, alkylsulphinyl,

35 alkylsulphonyl, carbamoyl, alkylamido and polyoxyalkylene groups.

When any of the foregoing substituents contain an alkyl or
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When A represents a group -NH-, Rl preferably represents a

substituted alkyl group of the general formula
HyN- (CHR3) [ ~CHy- [0~CHj (CHR3) ] - . I

wherein each R3 independently represents a hydrogen atom or a
10 methyl group, r is in the range from 1 to 3 and s is in the range
. from 1 to 200.
? It is preferred that in formula II, r is 1, each R3
represents a methyl group and s is in the range from 4 to 40.
When A represents an oxygen atom, rl preferably represents
15 an unsubstituted alkyl group, particularly a C4~Cjg alkyl group.
' Preferably, rl represents a linear alkyl group.
Preferably, R? represents an optionally substituted alkyl,
phenyl or benzyl group. '
Where R2 represents an optionally substituted alkyl group,
20 the group preferably has at least 4 carbon atoms. Examples of
optionally substituted alkyl groups include ~{CH;)4COOH, t-butyl,
nonyl, l-ethylpentyl, linear alkyl groups of general formula

CH3 (CHy) ,— wherein n represents 8 to 20 and alkyl groups of

general formula

RS-L- I1I
R6
wherein R! represents a group of formula CyHpa41 — R?
represents a group of formula CpHopyy — 7 RO represents a group
30 of general formula C.Hy.4y — 7 and the total of a + b + c is in
the range from 3 to 20, preferably 3 to 8.

Where R?Z represents a substituted alkyl group, the alkyl

group may be substituted by a group of general formula




pdl yoxyal kyl ene conpound of general e([ ormula [err] -3- wherein Rerr]
rgpresents a (err] fogfideas Be { group; Rlerr] represents-gqn,pptienakiy
substituted al kyl hav carbon atons, al kenyl; «al Rynyl, *aryk:, 5
arfyl al kyl , cycl oal kyl terocyclyl, al koxy, caryloxyses ¢ ue®
allkkylam no, dial kyl a aryl am no group; A represents an oxygen atom
(-]O) or a group -NH; and X represents-aspol yoxypropyl ene chain or a
rgndom 10 copol yner of ethyl ene oxiéje/propyl ene oxi de which conprise 0 to
30%t of ethyl ene oxide, and an oxygen atom of group X is bonded directly
td the RRCO- nmiety. R7-A'-y-C- v
wherein R’ represents a hydrogen atom or an optionally

substituted alkyl, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
5 alkylaryl or heterocyclyl group; A' represents an oxygen atom

(~-0-) or a group -NH-; and Y represents a polyoxypropylene chain

or a random copolymer of ethylene oxide/propylene oxide, and an

oxygen atom of group Y is bonded directly to the carbonyl group.

Preferably, R7 and Rl represent the same atom or group.
10 Preferably, Y and X represent the same moiety. Preferably A and

A' both represent an oxygen atom or a group —NH-.

The number average molecular weight (M,) of group X or Y is

preferably in the range 300 to 5000, more preferably in the range

300 to 3500, and especially in the range 500 to 2500. Where
15 group X or Y represents a polyoxypropylene chain, the number

average molecular weight of said chain may be in the range 300 to

3000. Where group X or Y represents a random copolymer of

ethylene oxide/propylene oxide, the number average molecular

weight may be in the range 1000 to 3000.
20 Group X or Y preferably comprises « wt$% of ethylene oxide

and (100 — o} wt% of propylene oxide where o« is in the range 0 to

60. More preferably, « is in the range 0 to 30.
The total acid number (TAN) of a material is the quantity of
base, expressed in milligrams of potassium hydroxide, that is
25 required to neutralise all acidic constituents present in 1 gram
of the material. Pieferably, the TAN of said compound of general
formula I is less than 5 and, more preferably, less than 2.
Especially preferred is the case where the TAN is less than 0.5.
The invention extends to a process for the preparation of a
30 compound of general formula I, the process comprising reacting a

compound of general formula
Rl-A-X-OH \'

wherein Rl, A and X are as defined above, with a compound of

general formula
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5 aprotic solvent and optionally in the presence of an acid, e.gq.
para—toluene sulphonic acid, or a base, e.g. an alkali metal
carbonate or bicarbonate, or an amine, e.g. a trialkyl amine or
pyridine. The reaction is conveniently carried out at a
temperature in the range from 40°C to 180°C. The reaction is

10 preferably carried out under reflux.

Ll is suitably selected so that compounds of general

!rr' formulas V and VI react together to form an ester. Ll may

represent a halogen, especially a chlorine atom, or a hydroxy
group. Alternatively, said compound of general formula VI may

15 represent an anhydride, in which case Lt represents a group
R2C00- where RZ is as defined above.

Where, in the compound of general formula I, R? represents

an alkyl group substituted by a group of general formula IV as

described above, saild compound of general formula I may be

20 prepared by reacting at least one compound of general formula V p
o] O
2 i u 3
L4-C~2-C-L VII

wherein L2 and L3 may be the same or different and represent
leaving groups; and Z represents a divalent linear or branched
25 hydrocarbon moiety of general formula, -(CRaRg)m— wherein m is an
integer, each R® independently represents a hydrogen atom or an
alkyl group, and each RY independently represents a hydrogen atom
oxr an alkyl group.
L2 and L3 are suitably selected and the conditions for the
30 reaction are such that compounds of general formulas V and VII
react together to produce a compound of general formula I having
at least two ester groups. 12 and 1.3 may independently represent
a halogen, especially a chlorine atom, or a hydroxy group.
Preferably, L2 and L3 both represent a hydroxy group. In this

35 case, said compound of general formula V represents a
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polymers, and ester ubricants, which are known in the art.

5 These lubricating oils are preferably crankcase lubricating oils
for spark~ignition and compression-ignition engines, but include
also hydraulic lubricants, metal-working fluids, automatic
transmission fluids and the like.

The lubricating oil composition preferably contains the

10 compound of general formula I in an amount from 0.05 to 10wt%,

H more preferably from 0.1 to 5wt%, and especially from 0.1 to
lwt%, based on the total composition.

The lubricating oil composition may contain various other
additives known in the art, such as viscosity index improvers,

15 e.g. linear or star-shaped polymers of a diene such as isoprene
or butadiene, or a copolymer of such a diene with optionally o
substituted styrene. These copolymers are suitably block 'f%
copolymers and are preferably hydrogenated to such an extent as
to saturate most of the olefinic unsaturation. f&,

20 The lubricating oil composition may further contain an |
ashless dispersant selected from oil soluble salts, amides,
imides, oxazolines and esters, or mixtures thexreof, of long chain
hydrocarbon substituted mono and dicarboxylic acids or their
anhydrides; and long chain aliphatic hydrocarbons having a

25 polyamine attached directly thereto. Especially preferred ashless
dispersants include polyolefin-substituted succinimides.

Other suitable additives that may be present in the
lubricating oil composition include extreme pressure/anti-wear
additives such as zinc or sodium dithiophosphates, anti-oxidants,

30 friction modifiers or metal-containing detergents such as
phenates, sulphonates, alkylsalicylates or naphthenates, all of
which detergents may be overbased.

The lubricating oil composition according to the present
invention is suitably prepared by blending an additive

35 concentrate into a lubricating base oil. Such a concentrate

generally comprises a lubricating oil as solvent/diluent and one




10 Exanpl es of substituent groups i ncl ude hal ogen atoms (e.g. chlorine
atons), nitro,, hydrﬂ—j’% W&B@x lac&qmi N0, cyano, fornpyl. al kexycar bon,yl,,,.
al kanoyl , al kyI thio , al kyl sul phonyl, ‘cafbanoyl:, al kyl a,,n‘rdo
and | pol yoxyal kyl ene " y of the 15 foregm ng- subs«tlt-U»ents,
confaiyn an al kyl or al kylene noiety, this may be |inear or branched and may
confain up to 12, preferably up to 6, and especially up to 4, carbon atons.
Preterably, R[er{ﬂ]o&ﬁ sgnts .a | i near trag\t{d group 20 Preferabl R[err]

repfesents an 9p u?) P it sgee Hesganbe 8Fedetzyl group.
Whele R2 represemtnmam f);:thenaalrbyldﬁ;bstlttmgdtnaigkyil groougntdahe group

preferably hascéﬂbrkggﬁﬁ é4d§fﬁéxgnand a compound of general formula I as

described above, in an amount of 1 to 80wt% based on the total

5 concentrate.

The invention extends to the use of a compound of general
formula I as a rust inhibitor.

The invention further extends to a method of operating an
internal combustion engine to inhibit rust formation, the method

10 comprising lubricating said engine with a lubricating oil
composition as described above.

The compound of general formula I may also be used in fuels,
for example gasoline, diesel fuel, kerosine and fuel oils.
Suitably, the compound of general formula I can be used as

15 carrier fluid for gasoline and diesel fuel additive packages.
Accordingly, the invention extends to a fuel composition
comprising a major amount (more than 50wt% based on total
composition) of a fuel and a minor amount of a compound of
general formula I.

20 The fuel compositions of the present invention desirably
also contain a minor amount of at least one hydrocarbon-~soluble
ashless dispersant. The compounds useful as ashless dispersants
generally are characterised by a "polar" group attached to a
relatively high molecular weight hydrocarbon chain. The "polar"

25 group generally contains one or more of the elements nitrogen,
oxygen and phosphorus. The solubilising chains are generally
higher in molecular weight than those employed with the metallic
types, but in some instances they may be quite similar.

In general, any of the ashless dispersants which are known

30 in the art for use in lubricants and fuels can be utilised in the
fuel compositions of the present invention.

In one embodiment of the present invention, the dispersant
is selected from the group consisting of

(i) at least one hydrocarbyl-substituted amine wherein the

35 hydrocarbyl substituent is substantially aliphatic and contains

at least 8 carbon atoms;
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group, said acylating agent being linked to said amino compound
through an imido, amido, amidine, or acyloxy ammonium linkage;
{(iii} at least one nitrogen—containing condensate of a

phenol, aldehyde and amino compound having at least one
10 —NH-

group;
{iv) at least one ester of a substituted carboxylic acid;
{v} at least one polymeric dispersant;
(vi} at least one hydrocarbon-substituted phenolic
15 dispersant; and
{vii) at least one fuel soluble alkoxylated derivative of an
alcohol, phenol or amine.
The hydrocarbyl-substituted amines useful in the fuel
compositions of this invention are well known to those skilled in
20 the art and they are described in a number of patents. Among
these.are U.S. Patents Nos. 3,275,554, 3,438,757, 3,454,555,
3,565,804, 3,755,433 and 3,822,209. These patents disclose
suitable hydrocarbyl-substituted amines for use in the present

invention including their method of preparation.

25 A typical hydrocarbyl-substituted amine has the general
formula:
[RIORLIN]  [-N( [-UN-} 4[-UQ) ¢} ] yRIZ£Hy 45 yrdy—F VIIT

wherein R10 is hydrogen, a hydrocarbyl group of from 1 to 10
carbon atoms, or hydroxyhydrocarbyl group of from 1 to 10 carbon
30 atoms; Rl is hydrogen, a hydrocarbyl group of from 1 to 10
carbon atoms, or hydroxyhydrocarbyl group of from 1 to 10 carbon
atoms, and may be taken together with R10 and N to form a ring of
from 5 to 6 annular members and up to 12 carbon atoms; U is an

alkylene group of from 2 to 10 carbon atoms, any necessary
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Wigre group X or Y repres s a random copol
10; e is an integer of from 0 to 1; d+2e is an integer of from 1

5 to 10; £ is an integer of from 1 to 5 and is an average in the
range of 1 to 4, and equal to or less than the number of nitrogen

atoms in the molecule; x is an integer of from O to 1; y is an

integer of from 0 to 1; and x+y is equal to 1.
In interpreting this formula, it is to be understood that

10 the R}2 and H atoms are attached to the unsatisfied nitrogen

valences within the brackets of the formula. Thus, for example,

the formula includes sub-generic formulae wherein the R12 is

attached to terminal nitrogens and isomeric subgeneric formulae

wherein it is attached to non-terminal nitrogen atoms. Nitrogen
15 atoms not attached to an R2 may bear a hydrogen or an R10R11ly

substituent.

The hydrocarbyl-substituted amines useful in this invention
and embraced by formula VIII above include monoamines such as
poly({propylene)amine, N,N-dimethyl-n-poly{ethylene/propylene)-

20 amine (50:50 mole ratio of monomers), poly{isobutene)amine,
N,N-di (hydroxyethyl)-N-poly{isobutene})amine, poly({isobutene/~-

i-butene/2-butene)-amine (50:25:25 mole ratio of monomers),

N- (2-hydroxy-ethyl) ~-N-poly (isobutene)-amine, N-(2-hydroxypropyl)-
N-poly(isobutene}amine, N-poly{l-butene)-aniline, and N-~poly-

25 (isobutene)-morpholine; and polyamines such as.N—poly(isobutene)
ethylene diamine, N-poly(propylene) trimethylene diamine, N-
poly{l-butene) diethylene triamine, N',N'-poly{isobutene)
tetraethylene pentamine, N,N-dimethyl-N'-poly(propylene}, and
1, 3-propylene diamine.

30 The hydrocarbyl-substituted amines useful in the fuel
compositions of the invention also include certain N-amino-

hydrocarbyl morpholines of the general formula:
rR12N (R10) UM IX

wherein R2 is an aliphatic hydrocarbon group of from 30 to 400
35 carbons, R0 jg hydrogen, a hydrocarbyl group of from 1 to 10
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5 by formula VIII are among the typical hydrocarbyl-substituted

amines used in preparing compositions of this invention.

A number of acylated, nitrogen-~containing compounds having a
hydrocarbon-based substituent of at least 10 aliphatic carbon
atoms and made by reacting a carboxylic acid acylating agent with

10 an amino compound are known to those skilled in the art. The
acylating agent is linked to the amino compound through an imido,
amido, amidine or acyloxy ammonium linkage. The hydrocarbon-
based substituent of at least 10 aliphatic carbon atoms may be in
either the carboxylic acid acylating agent derived portion of the

15 molecule or in the amino compound derived portion of the
molecule. Preferably, however, it is in the acylating agent
portion. The acylating agent can vary from formic acid and its
acylating derivatives to acylating agents having high molecular
weight aliphatic substituents of up to 5,000, 10,000 or 20,000

20 carbon atoms. The amino compounds can vary from ammonia itself
to amines having aliphatic substituents of up to 30 carbon atoms.

A typical class of acylated, nitrogen-containing compounds
useful in the compositions of this invention are those made by
reacting an acylating agent having an aliphatic substituent of at

25 least 10 carbon atoms and a nitrogen compound characterised by
the presence of at least one -NH- group. Typically, the
acylating agent will be a mono— or polycarboxylic acid (or
reactive equivalent thereof) such as a substituted succinic ox
propionic acid and the amino compound will be a polyamine or

30 mixture of polyamines, most typically, a mixture of ethylene
polyamines., The amine may also be a hydroxyalkyl-substituted
polyamine. The aliphatic substituent in such acylating agents
preferably averages at least 30 or 50 and up to 400 carbon atoms.

Illustrative hydrocarbon-based substituent groups containing

35 at least ten aliphatic carbon atoms are n—decyl, n-dodecyl,

tetrapropenyl, n-octadecyl, oleyl, chlorooctadecyl and
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préferably cadieed Pt BRacc fBFFapPRIYNers (e.g., copolymers, terpolymers)

of mono~ and diolefins having 2 to 10 carbon atoms, such as

ethylene, propylene, butene-1, isobutene, butadiene, isoprene, 1-
5 hexene and l-octene. Typically, these olefins are l-monoolefins.
The substituent can also be derived from the halogenated (e.gq.,
chlorinated or brominated) analogues of such homo— or
interpolymers. The substituent can, however, be made from other
sources, such as monomeric high molecular weight alkenes le.q.,

10 l-tetracontene) and chlorinated analogues and hydrochlorinated

analogues thereof, aliphatic petroleum fractions, particularly
paraffin waxes and cracked and chlorinated analogues and
hydrochlorinated analogues thereof, white oils, synthetic alkenes
such as those produced by the 2Ziegler-Natta process (e.g.,

15 poly{ethylene) greases} and other sources known to those skilled
in the art. Any unsaturation in the substituent may be reduced
or eliminated by hydrogenation according to procedures known in
the art.

As used in this specification, the term “hydrocarbon—-based"”

20 dencotes a group having a carbon atom directly attached to the
remainder of the molecule and having a predominantly hydrocarbon
character within the context of this invention. Therefore,
hydrocarbon-based groups can contain up to one non-hydrocarbon
group for every ten carbon atoms provided this non-hydrocarbon

25 group does not significantly alter the predominantly hydrocarbon
character of the group. Those skilled in the art will be aware
of such groups, which include, for example, hydroxyl, halo
{especially chloro and fluoro}, alkoxyl, alkyl mercapto and alkyl
sulphoxy groups. Usually, however, the hydrocarbon-based

30 substituents are purely hydrocarbyl and contain no such non-
hydrocarbyl groups.

The hydrocarbon-based substituents are substantially
saturated, that is, they contain no more than one carbon-to-
carbon unsaturated bond for every ten carbon-to-carbon single

35 bonds present. Usually, they contain no ﬁnre than one carbon-to-

carbon non-aromatic unsaturated bond for every 50 carbon-to-—
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substituent. Usually, however, the substituents contain no more
than one such non-aliphatic group for every fifty carbon atoms,
and in many cases, they contain no such non-aliphatic groups at
all; that is, the typical substituents are purely aliphatic.

10 Typically, these purely aliphatic substituents are alkyl or
alkenyl groups.

Specific examples of the substantially saturated

hydrocarbon-based substituents containing an average of more than
30 carbon atoms are the following: a mixture of

15 poly(ethylene/propylene} groups of 35 to 70 carbon atoms, a
mixture of oxidatively or mechanically degraded
poly(ethylene/propylene) groups of 35 to 70 carbon atoms, a
mixture of poly{proplene/l-hexene) groups of 80 to 150 carbon
atoms, and a mixture of polyisobutene groups having an average of

20 50 to 75 carbon atoms.

A preferred source of the Qubstituents are polyisobutenes

obtained by polymerisation of a C4 refinery stream having a
butene content of 33 to 75 weight per cent and isobutene content
of 30 to 60 weight per cent in the presence of a Lewis acid

25 catalyst such as aluminium trichloride or boron trifluoride.
These polyisocbutenes contain predominantly {(greater than B80% of
total repeating units) isobutene repeating units of the

configuration:
-C (CH3) 2CH2'

30 Exemplary of amino compounds useful in making the acylated
compounds are the following: (1) polyalkylene polyamines of the

general formula:
(R14)oN{p-N (R14)]  R14 X

wherein each R4 is independently a hydrogen atom, a hydrocarbyl
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alkylene group;
5 {2} hydroxyalkyl-substituted polyamines wherein the polyamines
are as described above;
{3) heterocyclic-substituted polyamines wherein the polyamines
are as described above and the heterocyclic substituent is
derived from, for example, piperazine, imidazoline, pyrimidine or
10 morpholine; and

(4} aromatic polyamines of the general formula:
Ar(nrld,), XI

wherein Ar is an aromatic nucleus of 6 to 20 carbon atoms, each
R is as defined above and z is 2 to 8.

15 Specific examples of polyalkylene polyamines of formula X
are ethylene diamine, tetra{ethylene)pentamine, tri-
{trimethylene)—tetramine and 1,2-propylene diamine.

Specific examples of hydroxyalkyl-~substituted polyamines
include N-(2-hydroxyethyl) ethylene diamine, N,N'-bis-(2-hydroxy-

20 ethyl) ethylene diamine and N-{3-hydroxybutyl} tetramethylene
diamine.

Specific examples of heterocyclic-substituted polyamines are
N~2-aminoethyl piperazine, N-2- and N-3-amino propyl morpholine,
N~3~-{dimethyl amino)} propyl piperazine, 2-heptyl-3-(2-

25 aminopropyl} imidazoline, 1,4-bis {2-aminoethyl) piperazine, 1-
(2-hydroxy ethyl) piperazine, and 2-heptadecyl-1-(2-
hydroxyethyl)-imidazoline.

Specific examples of aromatic polyamines are the various
isomeric phenylene diamines and the various isomeric naphthalene

30 diamines.

Many patents have described useful acylated nitrogen
compounds including U.S. Patents Nos. 3,172,892, 3,218,666,
3,272,746, 3,310,492, 3,341,542, 3,444,170, 3,455,831, 3,455,832,
3,576,743, 3,630,904, 3,632,511, 3,804,763 and 4,234,435. A

35 typical acylated nitrogen—-containing compound of this class is
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ANO C" €.g. "m g}pJQfaQéﬂmQé‘q\iftQQ@n compound belonging to this
class is that made by reacting the aforementioned alkylene amines
with the aforementioned substituted succinic acids or anhydrides
and aliphatic monocarboxylic acids having from 2 to 22 carbon
10 atoms. In these types of acylated nitrogen compounds, the mole
ratio of succinic acid to monocarboxylic acid is in the range
from 1:0.1 to 1:1. Typical of the monocarboxylic acids are
formic acid, acetic acid, dodecanoic acid, butanoic acid, oleic
acid, stearic acid, the commercial mixture of stearic acid
15 isomers known as isostearic acid and tolyl acid. Such materials
are more fully described in U.S. Patents Nos. 3,216,936 and
3,250,715.
Still another type of acylateg nitrogen compound useful in
the fuel compositions of the invention is the product of the
20 reaction of_a fatty monocarboxylic acid of 12 to 30 carbon atoms
and the aforementioned alkylene amines, typically, ethylene,
propylene or trimethylene polyamines containing 2 to B amino
groups and mixtures thereof. The fatty monocarboxylic acids are
generally mixtures of straight and branched chain fatty
25 carboxylic acids containing 12 to 30 carbon atoms. A widely used
type of acylated nitrogen compound is made by reacting the
aforementioned alkylene polyamines with a mixture of fatty acids
having from 5 to 30 mole per cent straight chain acid and 70 to
95 mole per cent branched chain fatty acids. Arong the
30 commercially available mixtures are those known widely in the
trade as isostearic acid. These mixtures are produced as a by-
product from the dimerisation of unsaturated fatty acids as
described in U.S. Patents Nos. 2,812,342 and 3,260,671.
The branched chain fatty acids can also include those in
35 which the branch is not alkyl in nature, such as found in phenyl

and cyclohexyl stearic acid and the chloro-stearic acids.
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5 The phen /aldehyde/amino compound condensates useful as

dispersants in the fuel compositions of the invention include
those generically referred to as Mannich condensates. Generally,
they are made by reacting simultaneously or sequentially at least
one active hydrogen compound such as a hydrocarbon-substituted

10 phenol {e.g., an alkyl phenol wherein the alkyl group has at
least an average of 12 to 400, preferably 30 to 400, carbon
atoms}, having at least one hydrogen atom bonded to an aromatic
carbon, with at least one aldehyde or aldehyde-producing material
{typically formaldehyde precutsor) and at least one amino or

15 polyamino compound having at least one NH group. The amino
compounds include primary or secondary moncamines having
hydrocarbon substituents of 1 to 30 carbon atoms or hydroxyl-
substituted hydrocarbon substituents of 1 to 30 carbon atoms.
Another type of typical amino compound are the polyamines

20 described during the discussion of the acylated nitrogen-
containing compounds.

Exemplary monoamines include methyl ethyl amine, methyl
octadecyl amines, aniline, diethyl amine, diethanol amine and
dipropyl amine. The following patents contain extensive

/ 25 descriptions of Mannich condensates: U.S. Patents Nos. ]
2,459,112, 3,413,347, 3,558,743, 2,962,442, 3,442,808, 3,586,629,;':
2,984,550, 3,448,047, 3,591,598, 3,036,003, 3,454,497, 3,600,372, i
3,166,516, 3,459,661, 3,634,515, 3,236,770, 3,461,172, 3,649,2g?hn
3,355,270, 3,493,520, 3,697,574, 3,368,972 and 3,539,633, :

30 Condensates made from sulphur-containing reactants can alsoﬁ

be used in the fuel compositions of the present invention. Such'

3,368,972, 3,649,229, 3,600,372, 3,649,659 and 3,741,896.
patents also disclose sulphur-containing Mannich condensates.'.
35 Generally the condensates used in making compositions of thisy

invention are made from a phencl bearing an alkyl substituent of}
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making the acylated nitrogen-containing compounds described
5 above.

These preferred condensates are prepared by reacting one
molar portion of phenolic compound with 1 to 2 molar portions of
aldehyde and 1 to 5 equivalent portions of amino compound (an
equivalent of amino compound is its molecular weight divided by

10 the number of -NH- groups present). The conditions under which
such condensation reactions are carried out are well known to
those skilled in the art.

A particularly preferred class of nitrogen-containing
condensation products for use in the fuel compositions of the

15 present invention are those made by (1) reacting at least one
hydroxy aromatic compound containing an aliphatic-based or
cycloaliphatic-based substituent which has at least 30 carbon
atoms and up to 400 carbon atoms with a lower aliphatic Cy_7
aldehyde or reversible polymer thereof in the presence of an

20 alkaline reagent, such as an alkali metal hydroxide, at a
temperature up to 150°C; (2) substantially neutralising the
intermediate reaction mixture thus formed; and (3) reacting the
neutralised intermediate with at least one compound which
contains an amino group having at least one -NH-~ group.

25 More preferably, these condensates are made from (a} phenols
bearing a hydrocarbon-based substituent having 30 to 250 carbon
atoms, said substituent being derived from a polymer of
propylene, l-butene, 2-butene, or isobutene and (b) formaldehyde,
or reversible polymer therecf, (e.g., trioxane, paraformaldehyde)

30 or functional equivalent thereof, (e.g., methylol) and (c} an
alkylene polyamine such as ethylene polyamines having from 2 to
10 nitrogen atoms.

The esters useful as dispersants in the fuel compositions of
the invention are derivatives of substituted carboxylic acids in

35 which the substituent is a substantially aliphatic, substantially

saturated hydrocarbon-based group containing at least 30,
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following:

{1} Hydrocarbon groups; that is, aliphatic groups, aromatic-
andalicyclic-substituted aliphatic groups, and the like, of the
type known to those skilled in the art.

10 (2) Substituted hydrocarbon groups; that is, groups containing
non-hydrocarbon substituents which, in the context of this
invention, do not alter the predominantly hydrocarbon character
of the group. Those skilled in the art will be aware of suitable
substituents; examples are halo, nitro, hy?roxy, alkoxy,

15 carbalkoxy and alkylthio.

{3) Hetero groups; that is, groups which, while predominantly
hydrocarbon in character within the context of this invention,
contain atoms other than carbon present in a chain or ring
otherwise composed of carbon atoms. Suitable hetero atoms will be

20 apparent to those skilled in the art and include, for example,
nitrogen, oxygen and sulphur.

In general, no more than about three substituents or hetero
atoms, and preferably no more than one, will be present for each
10 carbon atoms in the hydrocarbon-based group.

25 The substituted carboxylic acids are normally prepared by
the alkylation of an unsaturated acid, or a derivative thereof
such as an anhydride, with a source of the desired hydrocarbon-
based group. Suitable unsaturated acids and derivatives thereof
include acrylic acid, methacrylic acid, maleic acid, maleic

30 anhydride, fumaric acid, itaconic acid, itaconic anhydride,
citraconic acid, citraconic anhydride, mesaconic acid, glutaconic
acid, chloromaleic acid, aconitic acid, crotonic acid,
methylerotonic acid, sorbic acid, 3-hexenoic acid, 1l0-decenocic
acid and 2-pentene-1,3,5~tri-carboxylic acid. Particularly

35 preferred are the unsaturated dicarboxylic acids and their

derivatives, especially maleic acid, fumaric acid and maleic
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and usually from 2 to & carbon atoms, and pelar substituent-

5 containing derivatives thereof. Such polymers are substantially
saturated {i.e., they contain no more than about 5% olefinic
linkages) and substantially aliphatic (i.e., they contain at
least B0% and preferably at least 95% by weight of units derived
from aliphatic monoolefins}. Illustrative monomers which may be

10 used to produce such polymers are ethylene, propylene, l-butene,
2-butene, isobutene, l-octene and l-decene. Any unsaturated
units may be derived from conjugated dienes such as 1,3-butadiene
and isoprene; non—conjugated dienes such as 1,4-hexadiene, 1,4~
cyclohexadiene, 5-ethylidene-2-norbornene and 1,6~octadiene; and

15 trienes such as l-isopropylidene-3a,4,7, 7a-tetrahydroindene, 1-
isopropylidene-dicyclopentadiene and 2~{(2-methylene-4-methyl-3-~
pentenyl) {2.2.1)-bicyclo-5-heptene.

A first preferred class of polymers comprises those of
terminal olefins such as propylene, l-butene, iscbutene and 1-

20 hexene. Especially preferred within this class are polybutenes
comprising predominantly isobutene units. A second preferred
class comprises terpolymers of ethylene, a C3_g alpha-monoolefin
and a polyene selected from the group consisting of non-
conjugated dienes (which are especially preferred) and trienes.

25 Illustrative of these terpolymers is "Ortholeum 2052"
manufactured by E.I. duPont de Nemours & Company, which is a
terpolymer containing about 48 mole per cent ethylene groups, 48
mole per cent propylene groups and 4 mole per cent 1,4-hexadiene
groups and having an inherent viscosity of 1.35 (8.2 grams of

30 polymer in 10 ml of carbon tetrachloride at 30°C).

Methods for the preparation of the substituted carboxylic
acids and derivatives thereof are well known in the art and need
not be described in detail. Reference is made, for example, to
U.S. Patents Nos. 3,272,746, 3,522,179 and 4,234,435. The mole

35 ratio of the polymer to the unsaturated acid or derivative

thereof may be equal to, greater than or less than 1, depending
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| compounds such as phénols and naphthols. Examples of aromatic

hydroxy compounds include phenol, beta-naphthol, alpha-naphthol,
cresol, resorcinol, catechol, p,p'-dihydroxybiphenyl, 2~
chlorophenol, 2, 4-dibutylphenol, propene tetramer-substituted
phenol, didodecylphenocl, 4,4'-methylene-bis-phenol, alpha-decyl-
10 beta~naphthol, polyisobutene (molecular weight of 1000)-
substituted phenol, the condensation product of heptylphenol with
formaldehyde, the condensation product of octyl-phenol with
acetone, di{hydroxyphenyl)-oxide, di(hydroxyphenyl}sulphide,
di (hydroxyphenyl)disulphide, and 4-cyclo-hexylphenol. Phenol and
15 alkylated phenols having up to three alkyl substituents are
preferred. Each of the alkyl substituents may contain 100 or
more carbon atoms.
The aliphatic alcohols from which the estexrs may be derived
preferably contain up to 40 aliphatic carbon atoms. They may be
20 monohydric alcohols such as methanol, ethanol, isooctanol,
dodecanol, cyclohexanol, cyclopentahol, behenyl alcohol,
hexatriacontanol, neopentyl alcohol, isobutyl alcohol, benzyl
alcohol, beta-phenylethyl alcohol, 2-methylcyclohexanol, beta-~
chloroethanol, monomethyl ether of ethylene glycol, monobutyl
25 ether of ethyleﬁe glycol, monopropyl ether of diethylene glycol,
monododecyl ether of triethylene glycol, monocleate of ethylene
glycol, monostearate of diethylene glycol, secpentyl alcohol,
tertbutyl alcohol, S-bromo—~dodecanol, nitro-octadecanol and
dioleate of glycerol. The polyhydric alcohols preferably contain
30 from 2 to 10 hydroxy radicals. They are illustrated by, for
example, ethylene glycol, diethylene glycol, triethylene glycol,
tetraethylene glycol, dipropylene glycol, tripropylene glycol,
dibutylene glycol, tri-butylene glycol, and other alkylene
glycols in which the alkylene radical contains from 2 to 8 carbon
35 atoms., Other useful polyhydric alcohols include glycerol,

monooleate of glycerol, monostearate of glycerol, monomethyl
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sorbitol, mannitol, 1,2-cyclohexanediol, and xylene glycol.

5 Carbohydrates such as sugars, starches and cellulose may also
yield estexrs useful iﬂ this invention. The carbohydrates may be
exemplified by glucose, fructose, sucrose, rhamnose, mannose,
glyceraldehyde and galactose.

An especially preferred class of polyhydric alcohols are

10 those having at least three hydroxy radicals, some of which have
been esterified with a monocarboxylic acid having from B to 30
carbon atoms, such as octanoic acid, oleic acid, stearic acid,
linoleic acid, dodecanoic acid, or tall oil acid. Examples of
such partially esterified polyhydric alcohols are the monooleate

15 of sorbitol, distearate of sorbitol, monooleate of glycerol,
monostearate of glycerol, di-dodecanocate of erythritol.

The esters may also be derived from unsaturated alcohols
such as allyl alcohol, cinnamyl alcohol, propargyl alcohol, 1-
cyclohexene—3-ol and oleyl alcohol. Still another class of the

20 alcohols capable of yielding the esters useful in this invention
comprise the ether-alcohols and amino—-alcohols including, for
example, the oxyalkylene-, oxyarylene—, amino—alkylene- and
amino~arylene~substituted alcohols having one or more
oxyalkylene, oxyarylene, amino—alkylene or amino—arylene

25 radicals. They are exemplified by Cellosolve, carbitel,
phenoxyethanol, heptylphenyl-{oxypropylene)g-H, octyl-
{oxyethylene) 39-H, phenyl-{oxyoctylene),-H, mono{heptylphenyl-
oxypropylene) -substituted glycerol, poly(styrene oxide), amino-
ethanol, 3-amino ethyl-pentanol, di{hydroxyethyl) amine, p—amino-

30 phenol, tri(hydroxypropyl)amine, N-hydroxyethyl ethylene diamine'
and N,N,N* ,N'-tetrahydroxy-trimethylene diamine. For the most
part, the ether-alcohols having up to about 150 oxyalkylene
radicals in which the alkylene radical contains from 1 to 8
carbon atoms are preferred.

35 The esters may be diesters of succinic acids or acidic

esters, i.e., partially esterified polyhydric alcohols or
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contemplated w1th1n the scope of the invention.

The succinic acid esters may be prepared by one of several

5 methods. The method which is preferred because of convenience
and superior properties of the esters it produces, involves the
reaction of a suitable alcohol or phenol with a substantially
hydrocarbon-substituted succinic anhydride. The esterification
is usually carried out at a temperature above about 100°C,

10 preferably between 150°C and 300°C.

The water formed as a by-product is removed by distillation
as the esterification proceeds. A solvent may be used in the
esterification to facilitate mixing and temperature control. It
also facilitates the removal of water from the reaction mixture.

15 The useful solvents include xylene, toluene, diphenyl ether,
chlorobenzene and mineral oil.

A modification of the above process involves the replacement
of the substituted succinic anhydride with the corresponding
succinic acid. However, succinic acids readily undergo

ZQ dehydration at temperatures above about 1000C and are thus
converted to their anhydrides which are then esterified by the
reaction with the alcohol reactant. In this regard, succinic
acids appear to be the substantial equivalent of their anhydrides
in the process. .

25 The relative proportions of the succinic reactant and the
hydroxy reactant which are to be used depend to a large measure
upon the type of the product desired and the number of hydroxyl
groups present in the molecule of the hydroxy reactant. For
instance, the formation of a half ester of a succinic acid, i.e.,

30 one in which only one of the two acid radicals is estérified,
involves the use of one mole of a monohydric alcohol for each
mole of the substituted succinic acid reactant, whereas the
formation of a diester of a succinic acid involves the use of two
moles of the alcohol for each mole of the acid. On the other

35 hand, one mole of a hexahydric alcohol may combine with as many

as six moles of a succinic acid to form an ester in which each of
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alcohol is determined by the number of hydroxyl groups present in

the molecule of the hydroxy reactant. For the purposes of this
invention, it has been found that esters obtained by the
reaction of equimolar amounts of the succinic acid reactant and
hydroxy reactant have superior properties and are therefore
preferred.

In some instances, it is advantageous to carry out the
esterification in the presence of a catalyst such as sulphuric
acid, pyridine hydrochloride, hydrochloric acid, benzenesulphonic
acid, p-toluenesulphonic acid, phosphoric acid, or any other
known esterification catalyst. The amount of the catalyst in the
reaction may be as little as 0.01% {by weight of the reaction
mixture), more often from 0.1% to 5%.

The succinic acid esters may alternatively be obtained by
the reaction of a substituted succinic acid or anhydride with an
epoxide or a mixture of an epoxide and water. Such reaction is
similar to one involving the acid or anhydride with a glycol.
For instance, the product may be prepared by the reaction of a
substituted succinic acid with one mole of ethylene oxide.
Similarly, the product may be obtained by the reaction of a
substituted succinic acid with two moles of ethylene oxide.
Othexr epoxides which are commonly available for use in such
reaction include,.for example, propylene oxide, styrene oxide,
1,2-butylene oxide, 2,3-butylene oxide, epichlorohydrin,
cyclohexene oxide, 1,2-octylene oxide, epoxidised soya bean oil,
methyl ester of 9,10-epoxy-stearic acid and butadiene mono-
epoxide. For the most part, the epoxides are the alk&lene oxides
in which the alkylene radical has from 2 to B carbon atoms; or
the epoxidised fatty acid esters in which the fatty acid radical
has up to 30 carbon atoms and the ester radical is derived from a
lower alcochol having up to B carbon atoms.

In lieu of the succinic acid or anhydride, a lactone acid or

a substituted succinic acid halide may be used in the processes




at ons
at ons

| formul a: [Rlerr]Rlerr] N x-N([- UN-][enﬁ[ lX][err])
| Rierr]fH err] TMEMeet\MiQB&hReE i s hydrogen, arhydrocardjyl

f bm 1 to 10 carbon
g ;. Rerr] is
N , or hydroxy

taken together with Rlerr] and Nté&>forma ring of from5 to 6
ar menber 5118436 raped ab&ﬁecasbem aa:ﬁarma,hales Sna&nbaH(:)ihedﬂﬁ):@ﬁ\le& of from2
B car bon atoqf gh‘nuggessaré Qns ta acc ate.the trjv
goens are | e

xyhydr ocar byl grouprof’fxoﬁ11 t‘o
drocarbyl group of ffom fto 10
roup of from1l to 10 carbon atons,

noc

erel I's an a |pﬁat 6“83? SR8t &

ot
‘10

and

al ent
30to

arbon at oﬂtﬁost@tpsecta Sppﬁml&zm@%#mta@ﬁeaCWM saraﬂpel preagerd dy,.f fom 0 to
is an i nteaeheOftrd QEAL R df @1Ec iahnddkildal ROE] aOhid ABLdec1Q,10;

i nt eger

of ron11 to 5 and_is an average in the range of 1 to 4,

f
and

to dr | eeRidfaflefe AbfodRlegenated Jydnosadee T4l pe IorBERINEd kY| s

10

15

20

25

30

35

the chlorxination of an olefin polymer described previously. The
reaction involves merely heating the reactants at a temperature
preferably from 100°C to 250°C. The product from such a reaction
is an alkenyl succinic anhydride. The alkenyl group may be
hydrogenated to an alkyl group. The anhydride may be hydrolysed
by treatment with water or steam to the corresponding acid.
Another method useful for preparing the succinic acids or
anhydrides involves the reaction of itaconic acid or anhydride
with an olefin or a chlorinated hydrocarbon at a temperature
usually within the range from 100°C to 250°C. The succinic acid
halides can be prepared by the reaction of the acids or theirx
anhydrides with a halogenation agent such as phosphorous
tribromide, phosphorus pentachloride, or thionyl chloride. These
and other methods of preparing the succinic compounds are well
known in the art and need not be illustrated in further detail
here.

Still further methods of preparing esters useful in the fuel
compositions of the present invention are available. For
instance, the esters may be obtained by the reaction of maleic
acid or anhydride with an alcohol such as is illustrated above to
form a mono- or diester of maleic acid and then the reaction of
this ester with an olefin or a chlorinated hydrocarbon such as is
illustrated above. They may also be obtained by first
esterifying itaconic anhydride or acid and subsequently reacting
the ester intermediate with an olefin or a chlorinated
hydrocarbon under conditions similar to those described
hereinabove.

A large number of different types of polymeric dispersants
have been suggested as useful in lubricating oil formulations,
and such polymeric dispersants are useful in the fuel

compositions of the present invention. Often, such additives have

t
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ispersancy charact ns s?t h%x;z_nples of polar groups include
amino, amido, imino, imido, hydroxyl and ether groups. For
example, the polymeric dispersants may be copolymers of
methacrylates or acrylates containing additional polar groups,
ethylene/propylene copolymers containing polar groups or vinyl
acetate/fumaric acid ester copolymers.

Many such polymeric dispersants have been described in the
prior art, for example in U.S. Patents Nos. 4,402,844, 3,356,763
and 3,891,721,

A number of the polymeric dispersants may be prepared by
grafting polar monomers on to polyolefinic backbones. For
example, U.S. Patents Nos. 3,687,849 and 3,687,305 describe the
use of maleic anhydride as a graft monomer to a polyolefinic
backbone. Maleic acid or anhydride is particularly desirable as
a graft monomer because this monomer is relatively inexpensive,
provides an economical route to the incorporation of dispersant
nitrogen compounds into polymers by further reaction of the
carboxyl groups of the maleic acid or anhydride with, for
example, nitrogen compounds or hydroxy compounds. U.S. Patent
No. 4,160,739 describes graft copolymers obtained by the grafting
of a monomer system comprising maleic acid or anhydride and at
least one other different monomer which is addition
copolymerisable therewith; the grafted monomer system then being
post-reacted with a polyamine. The monomers which are
copolymerisable with maleic acid or anhydride are any alpha,
beta-monoethylenically unsaturated monomers which aré
sufficiently soluble in the reaction medium and reactive towards
maleic acid or anhydride so that substantially larger amounts of
maleic acid or anhydride can be incorporated into the grafted
polymeric product. Accordingly, suitable monomers include the
esters, amides and nitriles of acrylic and methacrylic acid, and

monomers containing no free acid groups. The incorporation of
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having 4 to 6 carbon atoms to form a first graft polymer. In the

<

second step, a polymerisable heterocyclic monomer, alone or in
combination with a hydrophobising vinyl ester is co-polymerised
onto the first graft copolymer to form a second graft copolymer.
10 Other patents describing graft polymers useful as
dispersants in the fuel compositions of this invention include
U.S. Patents Nos. 3,243,481, 3,475,514, 3,723,575, 4,026,167,
4,085,055, 4,181,618 and 4,476,283,
Another class of polymeric dispersant useful in the fuel
15 compositions of the invention are the so-called “star" polymers
and copolymers. Such polymers are described in, for example U.S.
Patents Nos. 4,346,193, 4,141,847, 4,358,565, 4,409,120 and
4,077,893.
The hydrocarbon—-substituted phenolic dispersants useful in
20 the fuel compositions of the present invention include the
hydrocarbon-substituted phenolic compounds wherein the
hydrocarbon substituents have a molecular weight which is
sufficient to render the phenolic compound fuel soluble.
Generally, the_hydrocarbon substituent will be a substantially
25 saturated, hydrocarbon-based group of at least 30 carbon atoms.
The phenclic compounds may be represented generally by the

following formula:
(R15} -Arl-(om) XII

wherein RY3 is a substantially saturated hydrocarbon~based

30 substituent having an average of from 30 to 400 aliphatic carbon
atoms, and g and h are each 1, 2 or 3. Arl is an aromatic moiety
such as a benzene nucleus, naphthalene nucleus or linked benzene
nuclei. Optionally, the above phenates as represented by formula
XIX may contain other substituents such as lower alkyl, lower

35 alkoxy, nitro, amino and halo groups. Preferred examples of
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the phenolic compounds may contain moxe than one R1S group for
each aromatic nucleus in the aromatic moiety arl,
Generally, the hydrocarbon-based groups R15 are derived from
homo~ or interpolymers (e.g., copolymers, terpolymers) of mono-
10 and diolefins having 2 to 10 carbon atoms, such as ethylene,
propylene, butene~1l, isobutene, butadiene, isoprene, l-hexene and
- l-octene. Typically, these olefins are l-moncolefins. The R1S
ﬂ groups can also be derived from the halogenated {(e.qg.,
chlorinated or brominated) analogues of such homo~ or
15 interpolymers. The r15 groups can, however, be made from other
sources, such as monomeric high molecular weight alkenes {e.g. 1-
tetracontene) and chlorinated analogues and hydrochlorinated
analogues thereof, aliphatic petroleum fractions, particularly
paraffin waxes and cracked and chlorinated analogues and

20 hydrochlorinated analogues thereof, white oils, synthetic alkenes

such as those produced by the Ziegler-Natta process (e.g.,

poly{ethylene) greases) and other sources known to those skilled

in the art. Any unsaturation in the R1S groups may be reduced or

eliminated by hydrogenation according to procedures known in the
25 art before the nitration step described hereafter,

Specific examples of the substantially saturated
hydrocarbon-based R15 groups are the following: a tetracontanyl
group, a henpentacontanyl group, a mixture of
polyl(ethylene/propylene) groups of 35 to 70 carbon atoms, a

30 mixture of oxidatively or mechanically degraded
poly{ethylene/propylene) groups of 35 to 70 carbon atoms, a
‘mixture of poly(propylene/l-hexene} groups of 80 to 150 carbon
atoms, a mixture of polyisobutene groups having 20 to 32 carbon
atoms, and a mixture of polyiscbutene groups having an average of
35 50 to 75 carbon atoms.

A preferred source of the group R1S are polyisobutenes
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5 These polyiscbutenes contain predominatly (greater than 80% of
total repeat units) isobutene repeating units of the

configuration.
-C{CH3) >CHp—

The attachment of the hydrocarbon~based group R13 to the

10 aromatic moiety Arl can be accomplished by a number of techniques
well known to those skilled in the art.

In one preferred embodiment, the phenolic dispersants useful
in the fuel compositions of the present invention are
hydrocarbon-substituted nitro phenols as represented by formula

15 XII wherein the optional substituent is one or more nitro groups.
The nitro phenols can be conveniently prepared by nitrating
appropriate phenols, and typically, the nitro phenols are formed
by nitration of alkyi phenols having an alkyl group of at least
30 and preferably at least 50 carbon atoms. The preparation of a

20 number of hydrocarbon-substituted nitro phenols useful in the
fuel compositions of the present invention is described in U.S.

Patent No. 4,347,148.

In another preferred embodiment, the hydrocarbon-substituted

phenol dispersants useful in the present invention are

25 hydrocarbon-substituted amino phenols such as representéd by
formula XIY wherein the optional substituent is one or more amino
groups. These amino phenols can conveniently be prepared by
nitrating an appropriate hydroxy aromatic compound as described
above and thereafter reducing the nitro groups to amino groups.

30 Typically, the useful amino phenols are formed by nitration and
reduction of alkyl phenols having an alkyl or alkenyl group of at
least 30 and preferably at least 50 caébon atoms. The
preparation of a large number of hydrocarbon-substituted amino
phenols useful as dispersants in the present invention is

35 described in U.S. Patent No. 4,320,021,
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al so be soluble should be water-insoluble. Accordingly, in a preferred
embodiment, the fuel-soluble alkoxylated derivatives useful as
; the dispersants are characterised as having an HLB of from 1 to

13.

10 As is well known to those skilled in the art, the fuel-
solubility and water—insolubility characteristics of the
alkoxylated derivatives can be controlled by selection of the
alcohol, phenol or amine, selection of the particular alkoxy
reactant, and by selection of the amount of alkoxy reactant which

15 is reacted with the alcohol, phenol or amine. Accordingly, the
alcohols which are utilised to prepare the alkoxylated
derivatives are hydrocarbon-based alcohols while the amines are
hydrocarbyl-substituted amines as described above. The phenols
may be phenols or hydrocarbon-substituted phenols and the

20 hydrocarbon substituent may contain as few as 1 carbon atom.

The alkoxylated derivatives are obtained by reacting the

alcohol, phenol or amine with an epoxide or a mixture of an
epoxide and water. For example, the derivative may be prepared
by the reaction of the alcohol, phenol or amine with an equal

25 molar amount or an excess of ethylene oxide. Other epoxides
which can be reacted with the alcohol, phenol or amine include,
for example, propylene oxide, styrene oxide, 1,2-butylene oxide,
2,3-butylene oxide, epichlorohydrin, cyclohexene oxide and 1, 2-
octylene oxide. Preferably, ‘the epoxides are the alkylene oxides

30 in which the alkylene group has from 2 to 8 carbon atoms. As
mentioned above, it is desirable and preferred that the amount of
alkylene oxide reacted with the alcohol, phenol or amine be
insufficient to render the derivative water-soluble.

The following are examples of commercially available
35 alkylene oxide derivatives which may be utilised as dispersants

in the fuel compositions of the present invention: Ethomeen
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5 alkoxylated derivatives of alcohols, phenols and amines will be
readily apparent to those skilled in the art.

In a particularly preferred embodiment, further to the
compound of formula I, the fuel composition of the invention may
additionally contain, as ashless dispersant, a minor amount of a

10 polyolefin-substituted succinimide derivative wherein the
polyolefin has number average molecular weight (M,} in the range
800 to 5000, preferably 1000 to 5000, more preferably at least
1750, 1800 or 1850 and at most 4000, 3500, 3000 or 2500. The
amine from which the succinimide is formed is preferably a Cy_3g

15 amine, especially a C4_31p amine containing 3 to 7 nitrogen atoms,
e.g. diethylene triﬁmine, triethylene tetramine, tetramethylene
pentamine, pentaethylene hexamine, hexaethylene heptamine,
tripropylene tetramine and mixtures of any 2 or more thereof.

Preferably the hydrocarbon-soluble ashless dispersant is

20 . present in an amount in the range 30 to 500 ppmw, more preferably
100 to 300 ppmw, based on total composition.

The fuel composition may additionally include {(e.g. as an

alternative to inclusion of succinimide derivative)} an oil
L soluble polyamine as described in EP-A-290 088 or an N-
25 substituted carbamate as described in EP-A-414 963, in each case
in similar quantities to those described therein.

The fuel composition may further include, as flame-speed
improver, an alkali metal or alkaline earth metal salt of a
succinic acid derivative as described in EP-A-290 088, in similar

30 quantities to those described therein.

Apart from components already described above, the fuel
composition may also contain other additives. Thus, it can
contain a lead compound as an anti-knock additive, and
accordingly the fuel composition according to the invention

35 includes both leaded and unleaded gasoline. The fuel composition

can also contain antioxidants such as phenolics, e.g. 2,6-di-
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used is preferably gasoline, i.e. a hydrocarbon base fuel boiling
essentially in the gasoline boiling range from 30 to 230°C. Such
a base fuel may comprise mixtures of saturated, olefinic and
aromatic hydrocarbons. It can be derived from straight-run

10 gasoline, synthetically produced aromatic hydrocarbon mixtures,
thermally or catalytically cracked hydrocarbon feedstocks,
hydrocracked petroleum fractions or catalytically reformed
hydrocarbons. The octane number of the base fuel is not critical
and will generally be above 65. In the gasoline, hydrocarbons

15 can be replaced up to substantial amounts by alcohols, ethers,
ketones, or esters. Naturally, the base fuel is desirably
substantially free of water, since water may impede a smooth
combustion.

This invention is illustrated by the following examples, in

20 which the number average molecular weights (M,) quoted were,
unless otherwise indicated, determined by gel permeation
chromatography (GPC) against polystyrene and polypropylene glycol
standards.

The following terms used in the Examples are explained

25 below.

Polyglycol I - a Cy3 — Cy5 linear alcohol initiated
propylene oxide homopolymer of number average molecular weight
(M) 1500;

Polyglycol II — a Cy4 — C3g linear alcohol initiated

30 propylene oxide homopolymer of number average molecular weight
(M) 1500;

Polyglycol III - a butanol initiated 85 wt%® propylene
oxide/15 wt% ethylene oxide random copolymer of number average
molecular weight (M,) 2000;

35 Polyglycol IV - a butanol initiated 85 wt% propylene
oxide/1l5 wt% ethylene oxide random copolymer of number average
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block copolymer of number average molecular weight (M,} 2000;

XYY

5 Polyglycol VI - a Cy5 ~ Cjs linear alcohol initiated
propylene oxide homopolymer of number average molecular weight
{M,) 500.
"VWERSATIC" 5 {trade mark) acid (2,2-dimethylpropancic acid}
which is commercially available from member companies of the
10 Royal Dutch/Shell Group.
"VERSATIC" 10 (trade mark) acid — a mixture of branched

carboxylic acids of general formula

,?4
15 R5-C-CO,H {IEI')
R6

where R4 represents a group of formula CHy,— ; RS
represents a group of formula CpHopu1— ¢ RS represents a group of
general formula C.Hp.41-; and a + b + ¢ = 8, which is

20 commercially available from member companies of the Royal
butch/Shell Group.

Polyglycol PE6100 - an ethylene oxide/propylene
oxide/ethylene oxide bleck copolymer of number average molecular
weight (M,} 2000 (method of M, determination unknown). This

25 material corresponds to “PLURONIC" (trade mark) PL-61 polyol
available from Wyandotte Chemical Company.

Polyglycol PE8100 -~ an ethylene oxide/propylene
oxide/ethylene oxide block copolymer of number average molecular
weight [M,) 2600 {method of M, determination unknown). This

30 material corresponds to "PLURONIC®" (trade mark) PL-81 polyol

available from Wyandotte Chemical Company.
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To a solution of the Polyglycol I (300g, 0.21M} in toluene
{150ml) in a round-bottomed 3-necked flask was added anhydrous
potassium carbonate (34.5g, 0.25M) followed by the acid chloride
derivative of "VERSATIC" 10 (trade mark) acid (47.6g, 0.25M} with
10 stirring at ambient temperature (20°C). The flask was fitted with
an overhead stirrer, a thermometer and a condenser and immersed

[ in an oil bath. The mixture was refluxed at a temperature of

about 120 - 130°C for 16 hours. The crude reaction mixture was
then allowed to cool to ambient temperature and filtered through
15 a sintered glass funnel. The excess solvent was then removed in
vacuo. The crude product was then stirred with sodium carbonate
{50g, 0.3M} and water (5ml) for B8 hours. The mixture was then
diluted with toluene (150ml) and filtered. The resultant
solution was dried over anhydrous sodium sulphate (50g), filtared
20 and the solution concentrated in vacuo to afford the required
product (315g, 95% yield).
Example 2 to 19

By processes analogous to the process of Example 1, the
pelyglycols and carboxylic acid derivatives noted in Table 1 were
25 reacted to prepare further compounds of general formula I
according to the invention.
Example 20
Preparation of Adipate ester of Polyglycol I (a compound of
formula I in which R} is C3,-Cy5 alkyl, A is -O-, X i= a
30 polyoxypropylene chain and R2 is a group ;(052)4C(0)—¥-A'—R7
where R7, A' and ¥ have the same definitioﬁs respectively as R',
A and X)
To a mixture of the Polyglycol I (300g, 0.2M) and Adipic
acid {15.5g, 0.1M} in a round-bottomed 3-necked flask fitted with
35 a Dean and Stark trap was added, with stirring, under nitrogen,

toluene {150ml) and para-Toluene sulphonic acid (9.5g, 0.05M).
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with 10%w/v agueous sodium sulphate solution (5 x 200ml), dried
5 over anhydrous sodium sulphate (Na;S504), filtered and evaporated
under reduced pressure. The crude product was then stirred with
sodium carbonate (50gqg, 0.3M$ and water (5ml) for 8 hours. The
mixture was then diluted with toluene (150ml) and filtered. The
resultant solution was dried over anhydrous sodium sulphate
10 {50g), filtered and the solution concentrated in vacuo to afford
the required product (248g, 80% yield).
g‘ Example 21
Preparation of ester of Polyglycol II and "VERSATIC" 5 (trade
mark) acid {(a compound of formula I in which Rl is Ci14-C1s alkyl,
15 A is -0-, X is a polyoxypropylene chain and R? is t-butyl)
To a mixture of the Polyglycol II (150g, 0.1M) and pyridine
{150ml) in a round bottomed flask was added the anhydride
derivative of "VERSATIC” 5 {trade mark} acid (46.5g, 0.25M). The
resulting mixture was refluxed for 14 hours, before being cooled
20 to ambient temperature, poured into water (400ml) and extracted
into 60-80 petroleum spirit {3 x 200ml). The organic phase was
washed with water (3 x 200ml), dried over anhydrous sodium
sulphate (NaySO4), filtered and evaporated under reduced
pressure, The crude product was then stirred with sodium
25 carbonate (50g, 0.3M) and water {Sml) for 8 hours. The mixtuﬁe
was then diluted with toluene (150ml) and filtered. The
resultant solution was dried over anhydrous sodium sulphate
(50g), filtered and the solution concentrated in vacuo to afford
the required product (119g, 75% yield).
30 Example 22
Preparation of ester of Polyglycol VI and “"VERSATIC" 10 (trade
mark) acid (a compound of formula I in which Rl ia C32-Cy15 alkyl,
A is ~0~, X is a polyoxypropylene chain and R? is a group of
formula IIX in which a + b + ¢ = 8)
35 To a solution of the Polyglycol VI (150g, 0.25M) in toluene
{150ml} in a round-bottomed 3-necked flask was added
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5 an oil bath. The mixture was refluxed at a temperature of about
120 - 130°C for 7 hours. The crude reaction mixture was then

allowed to cool at ambient temperature, washed with water (3 x
200ml), dried over anhydrous sodium sulphate {Na;504), filtered
and the solvent evaporated under reduced pressure. The crude
10 product was then stirred with sodium carbonate (50g, 0.3M) and
water {5ml) for 8 hours. The mixture was then diluted with
toluene {(150ml) and filtered. The resultant solution was dried
over anhydrous sodium sulphate (50qg), filtered and the solution
concentrated in vacuo to afford the required product (150g, 80%
15 yield}.
cOmparétive Examples Cl to C4

By processes analogous to the process of Example 1, the
polyglycols and carboxylic acid derivatives noted in Table 2 were
reacted to prepare other substituted polyoxyalkylene compounds

20 for comparison with the compounds of the invention.

Comparative Example C5

Preparation of bis - oleic acid eater of Polyglycol PE6100
To a solution of the Polyglycol PE6100 (300g, 0.15M} in

toluene (200ml} in a round-bottomed 3-necked flask was added

25 para-toluene sulphonic acid {0.6g) and Oleic acid (120g, 3 equiv)
with stirring under nitrogen. The flask was fitted with an
overhead stirrer and a Dean and Stark trap. The mixture was
heated to reflux at a temperature of 119°C for 8 hours. The
toluene was removed by heating the flask contents to a

30 temperature of 150°C and passing a stream of nitrogen therethrough
at a rate of 1,500cc/min.

Comparative Example C6

Preparation of bis ~ oleic acid ester of Polyglycol PE8100
To a solution of Polyglycol PEB10G0O (300g, 0.108M) in toluene

35 {400 ml} in a round-bottomed 3-necked flask was added para-
toluene sulphonic acid (0.3g) and Oleic acid (87g, 3 equiv) with
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Asasessment of Polyoxyalkylene compounds

The following assessments of the compounds of Examples 1 to
22 and Comparative Examples Cl to C6 were undertaken. Results
10 are provided in Tables 3, ¢ and 5.
{i} Total Acid Number (TAN)

{ The TAN of a material is the quantity of base, expressed in
milligrams of potassium hydroxide (mg KOH), that is required to
neutralise all acidic constituents present in 1 gram of the

15 material. The TAN is obfained by standard test method ASTM
D664-81.

{ii) Kinematic viscosity at 40°C and at 100°C was determined

according to standard test method ASTM D445.
{(iii) Viscosity Index was calculated according to standard test

20 method ASTM D2270-86.

(iv) Package Stability Test Background
' Standard lubricant additive packages contain inter alia, one
or more metal detergents. The packages fall into two categories:
single metal {(e.qg. calcigm only) formulations and mixed metal
25 {e.g., calcium and magnesium formulations. Ideally, any potential
rust inhibitor should be capable of working in both single metal
and mixed metal formulations.
Procedure
Test samples were prepared by incorporating each of the
30 compounds of Examples 1 to 16, 18 to 22 and Comparative Examples
Cl to C5 into one or both of two commercially availablé Jubricant
additive packages containing metal detergents, at a concentration
of 3wt%., One of the additive packages was of the single metal
type (calcium only), whilst the other was of the mixed metal type
35 {calcium and magnesium). The test samples were stored at 60°C for

up to three months and the relative stability of the samples
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the Tables mean "trace deposit" and "“very slight haze™., The
Tables also note the "storage time" after which measurements were
taken.

{v} Neutralisation Rate Test Background

U.S. Patent No. 3,933,662 (Chevron) describes a method for
ranking candidate rust fix additives by means of a neutralisation
rate test which it suggests can be correlated to results from
rust engine tests, e.g. Sequence IIB engine test. The method
involves neutralisation of an acidic aqueous phase with a basic
oil phase and monitoring the progress of neutralisation using a
pH meter.

Procedure

Each of the compounds of Examples 1 to 22 and Comparative
Examples Cl to C6 was incorporated into samples of the two
lubricant additive packages described above for the Package
Stability Test, at a concentration of 3wt%. The resulting
concentrates were then blended at a concentration of 10wt% with a
base oil being a mixture of "HVI" 60 (trade mark) base oil (a
bright and clear high viscosity index base oil having kinematic
viscosity at 100°C of 4.4 to 4.9 mm?/s (ASTM D445) and minimum
flash point of 204°C (ASTM D92}) and "HVI" 115 (trade mark) base
oil {a bright and clear high viscosity index base o0il having
kinematic viscosity at 100°C of 8.2 to 9.2 mm2/s (ASTM D445) and
minimum flash point of 232°C (ASTM DS82))}, the weight ratio of
"HVI" 60 (trade mark) base oil to "HVI™ 115 base oil in the
mixture being 5:1. The resulting oils were then tested as
follows.

A 250ml 3-necked round-bottomed flask was fitted with a
combined pH electrode and an overhead stirrer. The flask was
immersed to a set level in a constant temperature oil bath at
50°C. Hydrochloric acid (0.01M; 30ml} was charged to the flask
and allowed to reach constant temperature (30 minutes). The test

oil (20ml) was then introduced to the flask using a syringe and
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invention} would possess comparable rust fix properties to the
compounds of Comparative Examples Cl to C6, the package stability
test results clearly show that the additive concentrates
(packages) of the invention containing the compounds of formula I

10 had good storage stability, whilst those containing the
comparative compounds were insufficiently stable.

(vi) Sequence IID Engine Test Procedure

£

A series of oils prepared as described above for the
neutralisation rate test containing the compounds of Examples 1,
15 4, 7 and 14 were tested in the Sequence IID Engine Test to
evaluate the rust fix properties of these compounds. In this
test, a figure of B.5 or above represents a pass. The results

obtained are shown in Table 5 below.

This Sheet Has Been Rﬁ

TR




*Re

kno&? widely in the trade as isostearic acid. These m xtures areg, produced
as @& by-product fromthe dinerisation of unsaturated fafgy. aci ds jas: @
described in U S. Patents Nos. 2,812,342 and 3, 260, 671. ,ﬂhexbranpheg chal
fatty acids can al so include those in which the branch is not al kyl in
nature, such - 19 - as found in phgnyl and cyclohexyl stearic acid and
the chloro-stearic acids. Branched chaln fatty carboxylic acid/alkylene
pol yam ne products have been described, for exanple, in U S. Patents Nos.
3,110,673, 3,251,853, 3,326,801, 3,337,459, 3,405,064, 3,429,674, 3,468,639

%
L4
[

o...
'3 LA X ]

*e

and 3, 857, 791.- The enol / al dehvde/ apd ho _caonpau condensat es usef ul S
dlspersants in the éuelrconpoaltlons f It hq
2
58
:F
B
oy £+ O
O£ 0
P o Nl o~ Nf oo o] N ] o] N ] ] N o 1] ] N
mH’q- ] o] e} ] a] . 'Y S
= KO —] ~ ] ] ] H] Al ] A ] ) A= ] ] A
g5 2
S
ae
R
o &
(W
g
i. ] ] ™~
~| ~] 1
Ul L] ©
al of ©
ol ol ©
ol O] ©
m folelwo
> f m| m]
I B
~ A un|jn]won
SN wl x| e Al A
# = <] = vl ©
3 o = = = ol ©
B | ] - Ul O
a a ] | =1 =
B ] ] o~ v}l
[l N N ~H] ~A] A ~
0 | o] o] © et m|l O} U] Bl Yl vl o
@ i~ =] ~A ol of =l =| of ol ol ©
HH&HOO:G'JIU(:JUUHH
u:==uuuooooov+ d d vl v
H § o o O] O] O] Ol O] 9@ aa @ o0 1 ¢  { O] O
g e e 8888 idddddddAANY
¥ ] £] £ €] et o o e} o o x] x| ;| o ol &3] gl o) o
QO f§ vrii vit «vat ~| ~} —~1 —~{ O] Q| ©} LV} V] V]| ©O{ U ©] ©
m mmmm«{mmvvﬂvvﬂvvmq
- I I I I I I B O S I S S I I I O G
S 12l 22828 5 56| 5§ 8 8 8 8 Ao
®
[«1]
>
[
e
O HH H>H ] H b o ) ) o ] |1
UHHHHHH>HHHHHHHHHH
2; o} o | ] HH Lo | = | Lo
3]
5
b
o
Ba
o
=
B3
gﬂwmvmmhmmgﬁﬁﬂﬁ:ﬂg:
é

This Sheet Has Been Refilaced

AR R




am no conpounds in

vention include those generically referred to as MafiniCh cehidensat @8, :%""
nerally, they are nmade by reacting sinmultaneously or: sequentlaliy' ates e
ast one active hydrogen conpound such as a hydrocarton:® substi tUted®” *°°
enol (e.g., an al kyl phenol wherein the alkyl group has at |east an
erage of 12 to 400, preferably,3Q to 400, carbon atoms), having at |east
e hydrogen atom bonded to an aronatlc carbon, with at |east one al dehyde
al dehyde- producing material (typically fornaldehyde precursor) and at
ast one am no or polyan1no conpound having at | east one NH group. The

y=pr=rsegondary nonoani nes havi ng hydrocarbon
substituents of 1 §p 30 karlbon afons or hydroxyl-substituted hydrocarbon
substituents of 1 #& 30 farjbon aforfs. fAnot her type of typical am no
conpound are the pgby&m hes| descyi jediduri ng the di scussion of the acyl ated
ni t rogen- cont ai ni ng anppu ds.
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Exenpl ary nonoam nes include nethyl ethyl am ne, nethyk pagadecyl.anines”,,
ani ki ne; diethyl anine, diethanol anine and dipropyl amie, The;f'dl| oii he.
patents contain extensive descriptions of Mannich condéensates:.U.5, Patents
Nos. 2,459,112, 3,413,347, 3,558,743, 2,962,442, 3,442,808, 3,586, 629,
2,984,550, 3,448,047, 3,591,598, 3,036,003, 3,454,497, 3,600,372,

3,166, 516, 3,459, 661, 3,634,515, 48,236,770, 3,461,172, 3,649, 229,

3, 355,270, 3,493,520, 3,697,574, 3,368,972 and 3,539, 633. Condensat es nmade
from sul phur-contai ning reactants - 20 - can also be used in the fuel

conposi tions of the_pr nt _invention. Such sul phur-contai ni ng condensat es
are described in : Eaten1s Noq. 3, 3b8, 972,

™=
w

(ACID DERIVATIVE TO
POLYGLYCOL)
2
4
1
2
3
3

RATIO OF MOLES OF REACTAN

TABLE 2
»VERSATIC" 10 [(R%) (R3) (RS)ccoCl)
nvERSATIC" 10 ((R4) (R3) (R6)cCCOCL]

{CHa) 2CCOCL

CARBOXYLIC ACID DERIVATIVE
(CH3) aCCOCL

CH4 (CH» ) 7CH=CH {CH, ) 7COoH
CH< (CHp ) 7CH=CH (CH, ) 9COsH

This Sheet Has Been Replaced

IR A

POLYGLYCOL TYPE

PE6100
PEB100

EXAMPLE NO
Ci
c2
C3
C4
c5
o3




3,649, 229, 3,600,372, 3,649,659 and 3, 741,896. These patents al so disclose
sul phur~ contsai ni ng Nhnnlch condensat es. Gbnerally t he cpnﬂensafes-ﬂsed tatese
maki ng conpositions of this invention are made from a ﬁhéndl'bearlng'aW°":
al kyl substituent of 6 to 400 carbon atoms, nore typically, 30"t0*250 *° *°*
carbon atons. These typical condensates are nmade from formal dehyde or

Cerr] aliphatic al dehyde and an am no conpound such as those used in
maki ng the acyl ated nitrogen-comnt&3nirng conpounds descri bed above. These
preferred condensates are prepared by reacting one nolar portion of

phenolic conpound with 1 to 2 nol ar portions of aldehyde and 1 to 5

equi val ent porti ops—e , WAT~~$QHQ%=%69=QQ& of =00 ﬁnwpound S
its nol ecul ar wei gt q;V|ded py |t he¢ nunijer of] - NH {gr puds Wre ). The
condi tions under ZWaigHE such candeniat orf réactignsiarp darfied qut are well
D . M M Mmf ] Mf ] ] ;e o oy ] M) M ™
known to those ski{flgdgin tthe| arjt .
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A éartlcularly preferred class of nitrogen- containing condensation

products forsuse in the fuel conpositions of the present'vnwenbfon.are. M
t hose made by (1) reacting at |east one hydroxy aronati C doﬁpoun& : "u:"\
containing an aliphatic-based or cycloaliphatic-based suBsfitueht Wi ch*hass"
at |l east 30 carbon atons and up to 400 carbon atonms with a |ower aliphatic
Cerr] aldehyde or reversible pel y&er thereof in the presence of an

al kal i ne reagent, such as an alkali netal hydroxide, at a tenperature up to

150[err] C; (2) substantially neutralising the intermediate reaction mxture
L

thus forned; and (3 the neutralised internmediate with at | east
one conpound whi chi cont.ai nsf an a I o grOJp hayi nfj at | east one -NH group.
More preferably, ensath ar¢ npde friong(a) phenols bearing a
hydr ocar bon- based [ nt’} @ iid B R B B
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b - having 30 to 250 carbon atoms, said substituent bging d
fyner. of propyl ene, 1-butene, 2- butene, or | sobut ené; ande (
gl dehyde, or reversible polymer thereof, (e.g., trloxane‘
Faf or mal dehyde) or functional equivalent thereof, (e.g., netﬁylof) ahd ***’
- an al kyl ene pol yam ne such as et hyl ene pol yam nes having from2 to 10
Frogen atonms. The esters usef ut 4@s—di spersants in the fuel conpositions
it he invention are derivatives of substituted carboxylic acids in which

> substituent is a substantlally allphatlc substantially saturated

.

et
by’

dr ocar bon- based agTetTagesy 30, preferably at | east 50, up
8 750 aliphatic f \S JSGE rer in, the term "hydrocarbon-based
oEpuUp” denotes a cafbon 3 directly attached to the
egrai nder of the | vi g
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:aon1nant|y hydr ocar bon character within the context of thIS |nvent|on

@¥h groups include the follow ng: (1) Hydrocarbon groupsk bhat BSes  Wtt.

‘.bhatlc groups, aronatic-andalicyclic-substituted allphath grpugs,. and'"

£ like, of the type known to those skilled in the art”(2) Substituted =+

5£ocarbon groups; that is, groups containing non-hydrocarbon substituents

3 ch, in the context of this Fmagention, do not alter the predom nantly

B ocar bon character of the group. Those skilled in the art will be aware

g sui tabl e substituents; exanples are halo, nitro, hydroxy, alkoxy,

bal koxy and al kylthio. (3) Hetero groups; that is, groups which, while
bdom nantly hydrocarbon in character within the context of this

Ef/ention, contain atons other than carbon present in a chain or ring

herw se conposed of carbon atons. Suitable hetero atons will be apparent

8.53
8.51
5
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%g%e skil | ed
hur- In general, no nore than about three substituents e -223-"0r ¢ :i,,
ro atons,

in the art and include, for exanple, n|trogen“ oxygen @nd

e [ XXX J

and preferably no nore than one, wll be preSent fQr gach 10...2

q@r on atonms in the hydrocarbon- based group. The substituted carboxylic

agfys are normally prepared by the aIkyIatlon of an unsaturated acid, or a

der vative thereof such as an anhydride,” W'th a source of the deS|red

hy rocar bon- based group. Suitable unsaturated acids and derivati vesséder eof
ude acrylic acid, nethacrylic acid, maleic acid, naleic anhydride,

fu ric acid,

*itaconic acid, itaconic(gghxdggpg, citraconi c acid,

ci tjraconi c anhydrlde

10

15

‘(- 20

25

30

1. A polyoxyalkylene compound of general formula
o
1 0 o2 '
R*-A-X~-C-R I
wherein

rl represents a hydrogen atom or an optionally substituted
alkyl, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl, alk&laryl
or heterocyclyl group;

R2 represents an optionally substituted alkyl, alkenyl,
alkynyl, aryl, arylalkyl, cycleoalkyl, alkylaryl, heterocyclyl,
alkoxy, aryloxy, alkylamino, dialkylamino or arylamino group;

A represents an oxygen atom {(-0O-) or a group -NH-; and

X represents a polyoxypropylene chain or a random copolymer
of ethylene oxide/propylene oxide, and an oxygen atom of group X
is bonded directly to the R2co- moiety.

2. A compound as claimed in Claim 1, wherein Rl represents a Cy
to Cyg alkyl group.

3. A compound as claimed in Claim 1 or Claim 2, wherein R2
represents an optionally substituted alkyl, phenyl or benzyl
group.

4. A compound as claimed in any preceding Claim, wherein the
number average molecular weight of group X is in the range 300 to
3500.

5. A compound as claimed in any preceding Claim, wherein the
total acid number {TAN} of said compound of general formula I is
less than 5.

6. A process for the preparation of a compound of general
formula I, the process comprising reacting a compound of general

formula
R1-A-X-0H v

wherein Rl, A and X are as defined in any preceding Claim,

——
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#onic acid, glutaconic acid, chloronaleic acid, aconitic acid, crotonic
A nethyICfotonlc aci d, sorblc aci d, 3-hexenoic aC|d‘f10 decen0|d aci‘d, ;e
5 pent ene-1, 3, 5- trl-carboxyllc aci d. Particularly preferred are theri‘":
k urat ed dicarboxylic acids and their derivatives, especially neleice e
' fumaric acid and nal ei ¢ anhydride. Suitable aIkyIatlng agents incl ude
fpol ynmers and inter-polynmers of pol yress sabl e ol efin nononmers contai ni ng
h 2 to 10 u arbon atoms, and pol ar
tituent- Cgﬁ?g.%ﬁ%ﬁ-é@%{&%}%ﬂwgafﬁé¥gg Such polyners are substantially
yrated (i.e., they contaig no nore than about 5% ol efinic |inkages) and
subgtantially aliphatic (i _.el, they contain at |east 80% and preferably at
| eagt 95% by wei ght of unﬂ?scd%rlved from al i phatic nonool e¥¥ ns).
Il gstrative nmononers whig may Qe used to produce, such polyners. are
2=

et h)*l ene pr opyI edﬂ eri:ubﬁ*t eh% f){hq?ﬁeln any preceding Claim, "and Ll is a
leaving group.

7. A lubricating oil composition comprising a major amount of a
lubricating oil and a minor amount of a compound of general

formula I as claimed in any of Claims 1 to 5.

8. A fuel composition comprising a major amount of a fuel and a

10 minor amount of a compound of general formula I as claimed in any

, of Claims 1 to 5.

\r 9. Use of a compound of general formula I as claimed in any of
Claims 1 to 5 as a rust inhibitor.

10. A lubricating oil concentrate comprising a diluent and a

15 compound of general formula I according to any of Claims 1 to 5

in an amount of 1 to 80wt% based on the total concentrate.
11. A method of operating an internal combustion engine to
iphibit rust formation, the method comprising lubricating said

engine with a lubricating oil composition according to Claim 7.

Sheet Has Been Repl
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i sobut ene, 1-octene and 1-decene. Any unsaturated units may he derived from
conj ugat ed divenes such as 1, 3-but adi ene and i soprene; nonrcanughtéd‘dlehes",°
sugh as 1, 4- hexadi ene, 1, 4-cycl ohexadi ene, 5-ethylidene- 2.,norbowneng énq:' :
1, 6-oct adi ene; and trienes such as 1- oo
|sopropylldene 3a, 4,7, 7a-t et rahydr oi ndene, 1-

| sopropyl i dene- dlcyclopentadlene and 2-(2-#ethyl ene-4- et hyl - 3- pent enyl )
2.2.1]-bicycl o-5-hept ene. - 23 - Afirst preferred class of polysess

conpri ses those of term nal olefins such as propyl ene, 1-butene, i'sobufene
and 1-hexene. "Especial |y preferred wtginfhis chass are pol ybut enes

conpri sing predonm nantly isobutene unrts—A-second preferred class

conprises terpolynmers of ethylene, a CJerr] al pha-nonoolefin and a
SUBSTITUTED POLYOXYALKYLENE COMPOUNDS

The invention provides a polyoxyalkylene compound of general

formula

i
R1-A-X-C-R2 I

5 wherein
‘ r1 represents a hydrogen atom or an optionally substituted
"- alkyl, alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl, alkylaryl
or heterocyclyl group;

R2 represents an optionally substituted alkyl, alkenyl,

10 alkynyl, aryl, arylalkyl, cycloalkyl, alkylaryl, heterocyclyl,
alkoxy, aryloxy, alkylamino, dialkylamino or arylamino group:

A represents an oxygen atom (—-0—-) or a group ~-NH—; and

X represents a polyoxypropylene chain or a random copolymer
of ethylene oxide/propylene oxide, and an oxygen atom of group X

15 is bonded directly to the R2CO- moiety.

The invention further provides a process for the preparation
of the compound, a lubricating oil composition and a fuel
composition which each include the compound, a lubricating oil

((” concentrate, the use of the compound as a rust inhibitor and a

20 method of operating an internal combustion engine.
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T}tholeun12052 nufactured by E.
3 ol e per cefubstitytessteeg-ol®AugttME s per

ber centl T, 4- hexadi ene groups and havi ng

t i i AAUDH B

an i nherent visgosity of 1.35 (8.

a,ﬁt er pol ymer co
cent propyl ene grqups and 4 b
tetrachl oride a '

carboxylic acids and der.i vaf | ve
not be described in det3HH

nes. |

o054 TS

TFpnsi sting of non- conjugated dienes (which

pol yene sel ecte
@J‘é“espemally ' NW| <

| lustrative of these terpolyners is

| . duPont de Nenours & Conmpany, which is

s for
t her eof

Nos. 3,272,746, 3,522,179 and 4,234, 435.
t he unsat urat ed aThisoinsgentiahi velahesetd subshétegedl to, greater than or

less than 1, dependi99x99ehBechb¥BEuRlsPaRAURLr 22801801y, although
not exclusively, to.the use of such compounds as rust
inhibitors in, for example, lubricating oil

compositions.

Y granms of polymer in 10 ml of gCa;

the preparation of the sobstTtuted
re well known in the art and need

?§Qﬂﬁ9§¥§¥ ,quﬁ QQ&QRHNQSto U S Patents

The nole ratio of the polyner to

Polyoxyalkylene compounds have been relatively
widely used as additives in lubricating oil
compositions. For example, European Patent Application
No. 0 308 105 (Exxon) discloses non-ionic surfactants
such as polyoxyalkylene polyols and esters thereof
which are stated to be useful as ashless rust
inhibitors in lubricating ocils. Preferred polyols are
prepared as block copolymers so that the compounds have
both hydrophobic and hydrophilic portions. Pluronic
(Trade Mark) polyols are stated to be particularly well
suited as rust inhibitors. |

U.S. Patent No. 3 509 052 (Lubrizol) discloses
lubricating compositions which include a
polyoxyalkylehe polyol emulsifier (or an ester
thereof). Preferred polyols have hydrophobic and
hydrophilic portions. Pluronic (Trade Mark) polyols are
stated to be preferred.

U.S. Patent No.

3 784 474 (Chevron) discloses a

lubricating o0il composition including a rust inhibitor
in the form of a polyoxyalkylene polyol, glycol, ester
or urethane. Preferred polyoxyalkylene glycols include
propylene oxide polymers or block copolymers. Pluronic
(Trade Mark) polyols are disclosed as commercially
available examples of suitable polyols. The specific
examples in the patent describe rust inhibitors
prepared using a polyoxyalkylene glycol block copolymer
of oxypropylene and oxyethylene units.

U.S. Patent No. 3 933 663 (Chevron) discloses a
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The esters are those of the above-described substituted carboxylic acids
wik h hydroxy conpounds which may be aliphatic conpounds such as nonohydric
and pol yhydric al cohols or aromati c conpounds such as phenols and

napht hol s. Exanpl es of aromatic hydroxy conp&ubstitutecshets -ph@August 1996
bét a- napht hol , al pha- naphthol, cresol,-r2sorcinol, catechol, p,p'-

etsamr subsr o ci 4 ERa EPRAERTELaR, dERYING] ANt Do i o phenol
al pha- decyl -b%?‘atﬁabhﬁﬁ‘éﬁ-?npépyﬁééﬁélv:éﬁg crppesndainnthghfosm of a
1000) - subst i tpb BglaPRERYLatbhecefpeenaat i 8iiRaBIEC toRboliaBkYy kplaenol with
fornaldehyde, the co densail n ggguct gi 0 tgg-ggengks of %g -lghgh
acet one, d|(H§E?5§§pE8n§P?-HaFdE, iRy 89;- polym propy

oxide and ethylene oxide such as Pluronics (Trade

Mark). The structure of the compounds is stated to be

amphipathic.

U.S. Patent No. 3 957 854 (Lubrizol) discloses oil
soluble carboxylic esters prepared using a
polycarboxylic acid acylating agent and at least one
polyoxyalkylene alcohol which is a block copolymer
which includes hydrophobic and hydrophilic portions.
Suitable polyoxyalkylene alcohols are stated to be the
Pluronic (Trade Mark) polyols.

U.S. Patent No. 4 483 776 (Shell) discloses a
lubricating oil composition including a supplemental
rust inhibitor which comprises a mixture of at least
one compound selected from alkyl, aryl, alkaryl or
arylalkyl-substituted oxyethylene ethanol or
oxypropylene propanol; and one compound selected from
alkyl, aryl, alkaryl or arylalkyl-substituted
copolymers of ethylene oxide and propylene oxide.

U.S. Patent No. 5 204 012 (Ethyl Corportion)
discloses a lubricating oil composition which includes
an esterification product having a total acid number
(TAN) in the range about 10 to about 40 prepared by
reacting ethylene oxide/propylene oxide block copolymer
with a long-chain monocarboxylic acid.

This invention is based upon the discovery of a
class of substituted polyoxyalkylene compounds which
have unexpectedly advantageous properties when used in,
for example, lubricating oil compositions.

According to the invention, there is provided a
polyoxyalkylene compound of general formula

=0

i
Rl-A-x-C-R2 I
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phenyl ) sul phi de, dm@ﬁ«dr %ﬂlsulphlde and 4- cycl o- hexyl phenol
Phenol and alkylate ng up to three al kyl substituents are
preferred. Each of |tuents may contain 100 or nore carbon
atoms. The allphatlc o oIs from whi ch t heS¢astitpte shgehe 18chugust 1996
preferably contain up to 40 al i phatic caBbon atons. They nmay be nonohydric

al cohol s such as , ethanol, isooctanol, dodecanol, cycl ohexanol,
cycl opent anol e en aIcohoI hexatrlacontanol neopentyl aIcohoI

i sobutyl al cohol R éﬁaﬂe%ﬁ%cﬁ hyslRQg eh AT (9F) | 2Ty QRFPRally
2-met hyl cycl @warmﬁutaetﬁkml caneérﬁanplalwrﬁtéfwl,eti@ymikylhyl ene

ol ool mﬁba}&éaﬁef%e AV TR EC R T R o of et hyl one
gl ycol, nonost eaRe erepfregientts,|amoptiormd 11y enybstitutdd ahbkyl ert but yl
al cohol,  5- brgRRARde ARy W OCtAAPLANAN 2Ny cloalkyl,
alkylaryl, heterocyclyl, alkoxy, aryloxy, alkylamino,
dialkylamino or arylamino group:
A represents an oxygen atom (-0-) or a group ~NH-; and

X represents a polyoxypropylene chain or a random
copolymer of ethylene oxide/propylene oxide, and an
oxygen atom of group X is bonded directly to the R2CO-
moiety.

It has been found unexpectedly that the
polyoxyalkylene compounds of general formula I are
advantageous rust inhibitors in lubricating oil
compositions in comparison to other polyoxyalkylene
rust inhibitors which include, for example, a block
copolymeric polyoxyalkylene chain prepared using a
Pluronic (Trade Mark) polyol. 1In particular,
polyoxyalkylene compounds of general formula I may
exhibit improved package stability and/or have low acid
values, whilst still having satisfactory rust R
inhibition properties.

Generally, when any moieties described herein
comprise an alkyl, alkenyl or alkynyl group, the group
may be linear or branched and preferably contains 1 to
50, more preferably 1 to 25 and, still more preferably,
2 to 20 carbon atoms. When any moieties described
herein comprise an aryl group, the group may be an
optionally substituted phenyl group. When any of the
moieties comprises an arylalkyl group, the group may be
an optionally substituted benzyl group. Preferably,
phenyl or benzyl groups are unsubstituted or
substituted by an alkyl group. When any moieties
described herein comprise a cycloalkyl group, the group
may contain from 3 to 8, preferaby 3 to 6, carbon
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di ol eat e of gl ycerid Sheet Hes Brod

19 hydroxy radi cal IWl} ustrated by, for exanple, ethylene glycol
di et hyl ene gl ycol, I ycol , tetraethyl ene glycol, dipropyl ene
g

gl ycol, tripropyle
ot her al kyl ene glycols in which the al kyl4ene radi cal

carbon atoms.,{Xher &Sgfuh

of glycerol,

nonostearate o ycero nono gl ycerol,

pent aer yt hri t3Y @@1@bﬂiH?H?Bk?ss?%%PFésaéiG,hﬁé?ﬁ9FY§%Yér959upr the
9, 10- di hydr oxgr&ipanag 061 dny ls2thra 888068 undaubgredcsing, s¢stem,

4- hexanedi ol , penaco

arabito

, h | , bi t ol L tol,
1,2-cyc|ohexéﬁéﬁ1d?,é%ﬁ§;¥%+%%ég§$§%%f.c?ﬁkﬁbﬁgﬁ?;%gslgggﬂnéégsugars,

starches and h=ttéxdatennsglatbed yfrdnd ezygesn, usktubgem amdssuhbpkuatj on.

ycol, dibutyl ene gl yceubstitute shest eA8 August 19ahd
contains from2 to 8

?9%%’8%%&?1 abEOE%?ﬁh?Qgtyﬂ%g%#ggerﬁhenmonom eat e

deli ¢ al cohols preferably contain from2 to

The

car bohydr at es; ey, §es SXGHRLEL Ol DY IUERG CespEUEL PBF pPUELPEEG, " NAMMOSE,

mannose,

e.g. a tetrahydrofuranyl, furanyl, piperidinyl,
pyridinyl, tetrahydrothiophenyl or thiophenyl (thienyl)
group.

Examples of substituent groups include halogen
atoms (e.g. chlorine atoms), nitro, hydroxyl, carboxyl,

-amino, cyano, formyl, alkoxycarbonyl, alkanoyl,

alkylthio, alkylsulphinyl, alkylsulphonyl, carbamoyl,
alkylamido and polyoxyalkylene groups. When any of the
foregoing substituents contain an alkyl or alkylene
moiety, this may be linear or branched and may contain
up to 12, preferably up to 6, and especially up to 4,
carbon atoms.

Preferably, Rl represents é hydrogen atom or an
optionally substituted alkyl group.

When A represents a group -NH-, Rl preferably
represents a substituted alkyl group of the general
formula

HoN- (CHR3) ,.~CHy— [0~CHj (CHR3) ,] g~ II

wherein each R3 independently represents a hydrogen
atom or a methyl group, r is in the range from 1 to 3
and s is in the range from 1 to 200.

It is preferred that in formula II, r is 1, each R3
represents a methyl group and s is in the range from 4
to 40.

When A represents an oxygen atom, Rl preferably
represents an unsubstituted alkyl group, particularly a
Cq-C1¢ alkyl group. Preferably, Rl represents a linear
alkyl group.

Preferably, R2 represents an optionally substituted
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-25 - glyceral dehyde and gal actose. An especially preferred class of

pbl yhydri c al cohols are those having at | east three hydroxy radi cal s, sone
of which have been esterified with a nnnocar%o |ic acid having fron18 to
30 carbon atons, such as octanoic acid, ol ei é%‘ftblte gheet 1 d 90Hgust 1886ei ¢

aci d, dodecanoic acid, or tall oil acid’5Exaanes of such partially

esterified poyayd rlﬁgﬂyph&} Soé’ﬂﬂ{I smpool eate of sorbitol, distearate
of sorbitol, nDno eate cero nDnostear te of cero
di - dodecanoat e of¥ effnts 1an ORtiP 53’0‘/ b%mg% joRged  akkyl

unsat ur at ed ajwaim/ st}$e10¢rca::p asiﬁelfewémnhaias catnbeyst ad coipbon pr opar gyl
al cohol , 1- Cya(%o%ée.xeﬂ?én?ﬁﬂs ¢ o%tei}gnally substituted alkyl groups
include -(CH3)4COOH, t-butyl, nonyl, l-ethylpentyl,
linear alkyl groups of general formula CH3(CH3)p-
wherein n represents 8 to 20 and alkyl groups of
general formula

RS-é- III

wherein R4 represents a group of formula CaH2a+1 -
; RO represents a group of formula CpHzp+1 = 7 R
represents a group of general formula CcHoe+1 - 7 and
the total of a + b + ¢ is in the range from 3 to 20,
preferably 3 to 8.

Where R2 represents a substituted alkyl group, the
alkyl group may be substituted by a group of general
formula

o)
R7T-AT-y-L- v

wherein R7 represents a hydrogen atom or an
optionally substituted alkyl, alkenyl, alkynyl, aryl,
arylalkyl, cycloalkyl, alkylaryl or heterocyclyl group;
A' represents an oxygen atom (-0-) or a group -NH-; and
Y represents a polyoxypropylene chain or a random
copolymer of ethylene oxide/propylene oxide, and an
oxygen atom of group Y is bonded directly to the
carbonyl group. Preferably, R7 and RI represent the
same atom or group. Preferably, Y and X represent the
same moiety. Preferably A and A' both represent an
oxygen atom or a group -NH-.

The number average molecular weight (Mp) of group X
or Y is preferably in the range 300 to 5000, more
preferably in the range 300 to 3500, and especially in
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al cohol . Still another class of the al cohols capable of yielding the esters
useful in this invention conprise the ether-al cohols and am no-al cohol s

including, for exanple, the oxyalkylene-, aryl ene-, am no-al kyl ene- and
ami no- aryl ene-substituted al cohol s having on%UQﬁ”%%Qéhﬁﬁyaﬂﬁ&AHEHSt1996
oxXyaryl ene, am no-al kyl ene or ami no- aryl®re radicals. They are exenplified

by Cell osol vey gaggrggl50@hggOé3@hhanﬁherQe3§5 ?hgnﬁg FOXupraRenere)d- H,

octyl - (oxyethy en rr] henyl - (oxyoct yl"'ene %er&L
nnno(heptylphEﬂ%V°§Y9596ﬁ99§ﬁth§&Bstﬁ GtEHmBP§c VEFadgorodecilate oxi de),
am no- et hanol we3gAk BE ghmmlchagﬁtﬁaglbeduhhxﬂeoraﬁgbyBDOambneooo

rd NN wtxe%%;éyéﬂra% B N ERPRERERtFAR AERAPEr CPRETVEE 81t the
et her - al cohol ethgieng bplue/pbOpyléﬁé oxyjdekyktbrenumberabyeragehi ch t he
aIkerne radi 3&e88ﬂ%§'u§1&ﬁ9"h£ Be8in2tRRN 3hgA5 1868 REERBDLET.

Group X or Y preferably comprises o« wt% of ethylene
oxide and (100 - «x) wt$ of propylene oxide where « is
in the range 0 to 60. More preferably, < is in the
range 0 to 30.

The total acid number (TAN) of a material is the
quantity of base, expressed in milligrams of potassium
hydroxide, that is required to neutralise all acidic
constituents present in 1 gram of the material.
Preferably, the TAN of said compound of general formula
I is less than 5 and, more preferably, less than 2.
Especially preferred is the case where the TAN is less
than 0.5.

The invention extends to a process for the
preparation of a compound of general formula I, the
process comprising reacting a compound of general
formula

R1-A-X-OH \'s

wherein R, A and X are as defined above, with a
compound of general formula

0
r2-¢-11 \

wherein R2 is as defined above and Ll is a leaving
group.

The reaction is preferably carried out in the
presence of an aprotic solvent and optionally in the
presence of an acid, e.g. para-toluene sulphonic acid,
or a base, e.g. an alkali metal carbonate or
bicarbonate, or an amine, e.g. a trialkyl amine or
pyridine. The reaction is conveniently carried out at
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The esters may be diesters of succinic acids or acidic esters, i.e.,
partially esterified polyhydric al cohols or phenols, i.e., esters having
free al coholic or phenolic hydroxyl radicals. Mxtures of the above-
illustrated esters |ikew se are contenpl at edSubstiiute sheet - 19August 3 9860f
the invention. The succinic acid esters-rfay be prepared by one of several

net hods. The JetdpderlitGhei SnPEtRECEARGeDEFBMSE0OE €ENYBOPENCE TRHIRD Superi or
properties of the esters it i nyol.ves the reactlgn of a suitable

r oduces,
Bl cohol or pHESRFEIPRNLS BEEEREAPIYS E3TRY R0t uE LERISELERELIRed Succi ni G
anhydride. The estkriéisaitablyssebectéd sarthet ovmpetndst effperature above

about 100] errd e PL £T L ARLYa 95U VE8E VOLELLE ©808tRARL €67 ESrm an
ester. Ll may represent a halogen, especially a
chlorine atom, or a hydroxy group. Alternatively, said
coﬁpound of general formula VI may represent an
anhydride, in which case Ll represents a group R2C00-
where R2 is as defined above.

Where, in the compound of general formula I, R2
represents an alkyl group substituted by a group of
general formula IV as described above, said compound of
general formula I may be prepared by reacting at least
one compound of general formula V p

? 0
| it
L2-C~-2-C-L3 VII

wherein L2 and 13 may be the same or different and
represent leaving groups; and Z represents a divalent
linear or branched hydrocarbon moiety of general
formula, -(CRBR®),- wherein m is an integer, each R®
independently represents a hydrogen atom or an alkyl
group, and each RS independently represents a hydrogen
atom or an alkyl group.

L2 and L3 are suitably selected and the conditions
for the reaction are such that compounds of general
formulas V and VII react together to produce a compound
of general formula I having at least two ester groups.
12 and L3 may independently represent a halogen,
especially a chlorine atom, or a hydroxy group.
Preferably, L2 and L3 both represent a hydroxy group.
In this case, said compound of general formula V
represents a dicarboxylic acid, e.g. adipic acid.

The compounds of general formulae V, VI and VII are
known compounds or may be prepared by processes
analogous to known processes.

For example, compounds of general formula V in
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The water fornmed as a by-product is renoved by distillation as the
esterification proceeds. A solvent may be used in the esterification to

facilitate m xing and tenperature control | so fagilit the r va
of water fromthe reaction mxture. The usef%\‘%@”&%ﬁf‘?qn Igué‘é‘gk' Té(é
t bl uene, di phenyl ether, chlorobenzene afd nmineral oil. A nDdlflcatlon of
the above prqaﬁﬁéhLAWﬁéyﬁéséﬂesrs@I@ﬁf@@ﬂta@$mt&ﬂdsmb8£e§yésén€scsnnlc

anhydride wt correspondln u |c aci d wever6 sucgj.ni c_gcids
readi |y unde ?%Hb UFERTSTHIES oB oFFOUBO andSr e t hus
converted toR arepmmmltsd&ssuhsthtmtedtmblwhsgmmpleﬂ Byrmbakar BACti on
with the aIc e to be the
substanti al equi v%l Z:?}ﬁtfgl%onté'hi %2‘9@0&' %%%% @%jégﬁe?#'ﬁfﬁéel ative
proportions @rapieleng gxider e%i&dmtmltlﬂé Wkﬁ@e restdent inhthe are to
be used depeyiddence of an alcohol initiator such as those sold by

member companies of the Royal Dutch/Shell Group under

the trade mark "DOBANOL"™, in particular "DOBANOL" 25,

or an amine initiator of the general formula

HpN- (CHR3) »-CHy~ [0-CHa~ (CHR3) ] g~NHo (II')

wherein R3, r and s are as defined above, which is
commercially available from the Texaco Chemical
Company, Bellaire, Texas, U.S.A.

Compounds of general formula VI in which R2
'represents a branched alkyl group, e.g. an alkyl group
of formula III above, and Ll represents a hydroxy group
are commercially available from Exxon under the trade
mark "CEKANOIC", e.g. "CEKANOIC" 10 acid, and from
member companies of the Royal Dutch/Shell Group under
the trade mark "VERSATIC", e.g. "VERSATIC" S5 acid and
"VERSATIC" 10 acid.

The invention extends to a compound prepared by
reacting compounds of general formulas V and VI
together.

The invention extends to a lubricating oil
composition comprising a major amount (more than 50wt$
based on total composition}) of a lubricating oil and a
minor amount of a compound of general formula I.

The lubricating oil used in the present composition
can be natural, mineral or synthetic in origin.

Natural lubricating oils include animal and vegetable
oils, such as castor o0il. Mineral oils comprise the
lubricating oil fractions derived from crude oils, coal
or shale, which fractions may have been subjected to
certain treatments such as clay-, acid-, solvent- or
hydrogenation treatments. Synthetic lubricating oils
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a | arge neasure upon the type of the product desired and the nunber of
hydroxyl groups present in the nolecule of the hydroxy reactant For

i nstance, the formation of a half ester of a_succinic aci '
which only one of the two acid radicals is e§k‘€$‘i"‘f‘4t6c§hephvdlalé§9yﬁb1@?@ of
ohe nole of a nonohydric al cohol for eath’mole of the substituted su00|n|c

acid reactantln&@aaea§yhhﬁetgen§bagﬁeeg Brdh9%&%baQBoﬂssuﬁ@d¥fi
i nvol ves the u al cohol “for

nol e of _th aC|d On
t he -27 - %iﬁgfeHSnGXl ReP V@eSF'aaHQx§ﬁ§&F|&UEF&GHBIswayhéﬁﬁblne with
as many as sixreokrewnf ian shecaptc aThdskolbbricaniagt edlisnawei ch each of

the six hydroxylrL2ghtd 2r2hblEe?LEBPOLatIngSbe1s" 8Y Wphlyane of the
ignition and compression-ignition engines, but include
also hydraulic lubricants, metal-working fluids,
automatic transmission fluids and the like.

The lubricating oil composition preferably contains
the compound of general formula I in an amount from
0.05 to 10wt%, more preferably from 0.1 to Swt$, and
especially from 0.1 to iwt%, based on the total
composition.

The lubricating oil composition may contain various
other additives known in the art, such as viscosity
index improvers, e.g. linear or star-shaped polymers of
a diene such as isoprene or butadiene, Oor a copolymer
of such a diene with optionally substituted styrene.
These copolymers are suitably block copolymers and are
preferably hydrogenated to such an extent as to
saturate most of the olefinic unsaturation.

The lubricating oil composition may further contain
an ashless dispersant selected from oil soluble salts,
anides, imides, oxazolines and esters, or mixtures '
thereof, of long chain hydrocarbon substituted mono and
dicarboxylic acids or their anhydrides; and long chain
aliphatic hydrocarbons having a polyamine attached
directly thereto. Especially preferred ashless
dispersants include polyolefin-substituted
succinimides.

Other suitable additives that may be present in the
lubricating o0il composition include extreme
pressure/anti-wear additives such as zinc or sodium
dithiophosphates, anti-oxidants, friction modifiers or
metal-containing detergents such as phenates,
sulphonates, alkylsalicylates or naphthenates, all of
which detergents may be overbased.

The lubricating oil composition according to the.ceess
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two acid radicals of the succinic acid. Thus, the maxi mum proportion of the
sticcinic acid to be used with a polyhydric alcohol is deternined by the

nunber of hydroxyl groups present in the nol ecule of the droxy reactant.
For the purposes of this invention, it has H@@Wﬂﬂﬁﬁhéh?ﬁht15%68953569§ﬁned
by the reaction of equinolar ampunts of tfe succinic acid reactant and

ggg{? Ofﬁsggaﬁﬁﬁséwezﬁvd@ﬁt{.@ﬁ i)éOﬁtﬁitaﬁﬁyaﬁdetﬁéﬁe&hB??ﬁDé?dDﬁqf anr ed. Ihn
nces IS advan epus car ou erificati n the

presence of 2%t %}V%tcgﬁﬁﬁnggagﬁlbﬂg? ;ﬁpﬁlcﬁé+?ﬁ %sﬁy8+SChlgPFh

hydrochloric a%ahcéxeﬁzsﬂesguénémltyacoﬂprpsesl achelsripabing atldas

phosphori c a.+?}Y epﬁgg géggraggo egLﬁ&%%%cgaagg %%%6%%55 The anount of

t he catal yst on PRy De-as e as wei ght of the
reaction n1xt@nmgentma@e@ff@nmfroﬂencg@Ehe BYSSERk %@E%ﬂﬁ%@naéuétbgfers may

alternativel \o8rides a lubricating oil concentrate comprising a
diluent and a compound of general formula I as
described above, in an amount of 1 to 80wt% based on
the total concentrate.

The invention extends to the use of a compound of
general formula I as a rust inhibitor.

The invention further extends to a method of
operating an internal combustion engine to inhibit rust
formation, the method comprising lubricating said
engine with a lubricating oil composition as described
above.

The compound of general formula I may also be used
in fuels, for example gasoline, diesel fuel, kerosine
and fuel oils. Suitably, the compound of general
formula I can be used as carrier fluid for gasoline and
diesel fuel additive packages. Accordingly, the
invention extends to a fuel composition comprising a
major amount (more than 50wt% based on total
composition) of a fuel and a minor amount of a compound
of general formula I.

The fuel compositions of the present invention
desirably also contain a minor amount of at least one
hydrocarbon-soluble ashless dispersant. The compounds
useful as ashless dispersants generally are
characterised by a "polar" group attached to a
relatively high molecular weight hydrocarbon chain.

The "polar" group generally contains one or more of the
elements nitrogen, oxygen and phosphorus. The
solubilising chains are generally higher in molecular
weight than those employed with the metallic types, but
in some instances they may be quite similar.

In general, any of the ashless dispersants which
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obt ai ned by the reaction of a substituted succinic acid or anhydride with
ah epoxide or a mxture of an epoxide and water. Such reaction is simlar

to one involving the acid or anhydride with a glycol. For instance, the
product may be prepared by the reaction of aSubstdute sheet sd&cAugustdP6wi t h

ohe nole of ethylene oxide. Similarly, ~t¥e-product may be obtained by the
reaction of argibEidunod GACHM S i 1UD- OhEEs Ond! BLege Oxi de.

el uder for SBEbs EELFLIR ot the de L SmRReL5AcRs af Sthe pEeERBLoxi de,
2, 3- but yl ene igwiethebicapi chl or ohydrin, cycl ohexene oxide, 1,2-octylene oxide,
s eme oo B EHE R P SER AL
dispersant is selected from the group consisting of
(i) at least one hydrocarbyl-substituted amine
wherein the hydrocarbyl substituent is substantially
aliphatic and contains at least 8 carbon atoms;
(i1} at least one acylated, nitrogen-containing
compound having a hydrocarbon-based substituent of at
least 10 aliphatic carbon atoms made by reacting a
carboxylic acid acylating agent with at least one amino

compound containing at least one
-NH-

group, said acylating agent being linked to said amino
compound through an imido, amido, amidine, or acyloxy
ammonium linkage;

(1ii) at least one nitrogen-containing condensate
of a phenol, aldehyde and amino compound having at
least one

-NH-

group; .
(iv) at least one ester of a substituted
carboxylic acid;

() at least one polymeric dispersant;

(vi} at least one hydrocarbon-substituted phenolic
dispersant; and

(vii) at least one fuel soluble alkoxylated
derivative of an alcohol, phenol or amine.

The hydrocarbyl-substituted amines useful in the
fuel compositions of this invention are well known to
those skilled in the art and they are desé¢ribed in a
number of patents. Among these are U.S. Patents Nos.
3,275,554, 3,438,757, 3,454,555, 3,565,804, 3,755,433
and 3,822,209. These patents disclose suitable




-28 - epoxides are the al kyl ene oxides in which the alkylene radical has
from2 to 8 carbon atons; or the epoxidised fatty acid esters in which the

fatty acid radical has up to 30 carbon atonms _and the ester radical is
derived froma |ower alcohol having up to_8 Stbpttutatshest -1 Augustil 996

succinic acid or anhydride, a |actone ati’¢ or a substituted succinic acid
hal i de may behydedcarbiile substdtited hhisllsaired adevan Sweh paddbdial i des

may be aci d dibrom des, .aci,d dichl ori.des cid nochlorldes and acid
nonobr oni des. k?ﬁs &BgtﬁPﬁﬁggq Ggﬁﬁf 5ﬁﬁ$&9| s PXRPaxatd®hcan be prepared
by, for exanpl e, Ahéypészeili bydrbcambyilesablsydtutedwanina hiaghttsel ecul ar

wei ght olefin a gd hydrocarbon such as is obtained by the
chlgrlnatlon g?ﬁ ¢gal %@Q&ﬁ ynmer described p élously. The reaction
i nvol ves merel yl ﬁggﬁ gluﬂgNﬁéa@Néﬁdi‘HQ]a)ﬂgﬁg cHlweg+AyeEer abMLIr om

100[err] C to whekeinl R10 Ikenpuedyeh, f BORYA¥ERa®byl group of from 1
to 10 carbon atoms, or hydroxyhydrocarbyl group of from
1 to 10 carbon atoms; Rl is hydrogen, a hydrocarbyl
group of from 1 to 10 carbon atoms, or
hydroxyhydrocarbyl group of from 1 to 10 carbon atoms,
and may be taken together with R10 and N to form a ring
of from 5 to 6 annular members and up to 12 carbon
atoms; U is an alkylene group of from 2 to 10 carbon
atoms, any necessary hydrocarbons to accommodate the
trivalent nitrogens are implied herein, R12 is an
aliphatic hydrocarbon of from 30 to 400 carbon atoms; Q
is a piperazine structure; d is an integer of from 0 to
10; e is an integer of from 0 to 1; d+2e is an integer
of from 1 to 10; £ is an integer of from 1 to 5 and is
an average in the range of 1 to 4, and equal to or less
than the number of nitrogen atoms in the molecule; x is
an integer of from 0 to 1; y is an integer of from O to
1; and x+y is equal to 1.

In interpreting this formula, it is to be
understood that the R12 and H atoms are attached to the
unsatisfied nitrogen valences within the brackets of
the formula. Thus, for example, the formula includes
sub-generic formulae wherein the R12 is attached to
terminal nitrogens and isomeric subgeneric formulae
wherein it is attached to non-terminal nitrogen atoms.
Nitrogen atoms not attached to an R12 may bear a
hydrogen or an R1ORlIN substituent.

The hydrocarbyl-substituted amines useful in this
invention and embraced by formula VIII above include
monoamines such as poly(propylene)amlne, N,N-dimethyl-
n-poly{ethylene/propylene) -amine (50:50 mole ratio of
monomers), poly(isobutene)amine, N,N-di(hydroxyethyl)-
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reaction is an al kenyl succinic anhydride. The al kenyl group nmay be

hydr ogenated to an al kyl group. The anhydri de may be hydrol ysed by
treatnent with water or steamto the correspondi ng aci d. Another nethod
useful for preparing the succinic acids or aP¥R&EHitUtRsheet o/l Pelugust 1896t i on

of itaconic acid or anhydride with an ol¥imn or a chlorinated hydrocarbon

at a tenper awigd ek dButddd dhitle ﬁgﬁé@éﬁé@ﬁ&@-&&%ﬁwig The

succi ni ¢ aci al i'des can be prepare e reaction o e acids or their
anhydri des m%‘#%{* aTH@é}%tﬁ%ﬂ‘Za%@rﬁ rAt i RHHRPRRBEX$) br oni de,

phosphor us p(Nﬁ-t(&ﬁyﬂid@-@ﬂhﬁMiWol@hdlifgdpﬁteﬂ'@ﬁS?nﬁw, ?ﬁh@%- net Qoﬁzt O]l;e
| hot rated Byt romaEA Bl i end e N RALY 6 br epar i ng
est ers usef ubutengie Fnidiinmnmamsi N-gad yof { idobytrerseinimo rptesil 11me); aded
avail abl e. Feh 1y B sudif o35 Mepd 19 St Nek BYiene diamine,
N-poly(propylene} trimethylene diamine, N-poly(l-
butene) diethylene triamine, N',N'-poly(iscbutene)
tetraethylene pentamine, N,N-dimethyl-N'-poly(propy-
lene), and 1,3-propylene diamine.
The hydrocarbyl-substituted amines useful in the
fuel compositions of the invention also include certain
N-amino-hydrocarbyl morpholines of the general formula:

R12N(R10) UM IX

wherein R12 is an aliphatic hydrocarbon group of from
30 to 400 carbons, R0 is hydrogen, a hydrocarbyl group
of from 1 to 10 carbon atoms or hydroxyhydrocarbyl
group of from 1 to 10 carbon atoms, U is an alkylene
group of from 2 to 10 carbon atoms, and M is a
morpholine structure. These hydrocarbyl-substituted
aminohydrocarbyl morpholines as well as the polyamines
described by formula VIII are among the typical
hydrocarbyl-substituted amines used in preparing
compositions of this invention.

A number of acylated, nitrogen-containing compounds
having a hydrocarbon-based substituent of at least 10
aliphatic carbon atoms and made by reacting a
carboxylic acid acylating agent with an amino compound
are known to those skilled in the art. The acylating
agent is linked to the amino compound through an imido,
amido, amidine or acyloxy ammonium linkage. The
hydrocarbon-based substituent of at least 10 aliphatic
carbon atoms may be in either the carboxylic acid
acylating agent derived portion of the molecule or in
the amino compound derived portion of the molecule.
Preferably, however, it is in the acylating agent
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the reaction of maleic acid or anhydride with an al cohol such as is
Itlustrated above to forma nono- or -29 - diester of maleic acid and
then the reaction of this ester with an olefin or a chlorinated hydrocarbon
such as is illustrated above. They nmay al so BubsHtule fdgeby 9 Asigust 1996
esterlfylng i taconi ¢ anhydride or acid~ah#i subsequently reacting the ester

i nt er nedi ate p%i—ﬁlaﬁ ol @fxb.na@ﬂ(latﬂﬁboé{:[@ﬁi:egaﬁY@éQQaEPQiﬂ za&lﬁaccae@ut i ons
simlar to thos nabov of ferent types

of pol ymeric %ﬁépb&§aﬁFgfﬁﬁﬁﬁgbggﬁlgﬁﬁbggFeH° §°MgéFnglﬁg?BEP|catlng Oi
f ormul at i ons,hawingubhghohghecutadi sepkgstnasiphatisebubstihtubatkuelf

conposi tions g £HesphE§ENiol BYESE Do, bbb CRarSl a8l VAReGNEREEN
compounds can vary from ammonia itself to amines having
aliphatic substituents of up to 30 carbon atoms.

A typical class of acylated, nitrogen-containing
compounds useful in the compositions of this invention
are those made by reacting an acylating agent having an
aliphatic substituent of at least 10 carbon atoms and a
nitrogen compound characterised by the presence of at
least one -NH- group. Typically, the acylating agent
will be a mono~- or polycarboxylic acid {(or reactive
equivalent thereof) such as a substituted succinic or
propionic acid and the amino compound will be a
polyamine or mixture of polyamines, most typically, a
mixture of ethylene polyamines. The amine may also be
a hydroxyalkyl-substituted polyamine. The aliphatic
substituent in such acylating agents preferably
averages at least 30 or 50 and up to 400 carbon atoms.

Illustrative hydrocarbon-based substituent groups
containing at least ten aliphatic carbon atoms are n-
decyl, n-dodecyl, tetrapropenyl, n-octadecyl, oleyl,
chlorooctadecyl and triicontanyl. Generally, the
hydrocarbon-based substituents are made from homo- or
interpolymers (e.g., copolymers, terpolymers) of mono-
and diolefins having 2 to 10 carbon atoms, such as
ethylene, propylene, butene-1, isobutene, butadiene,
isoprene, l-hexene and l-octene. Typically, these
olefins are l-monoolefins. The substituent can also be
derived from the halogenated (e.g., chlorinated or
brominated) analogues of such homo~ or interpolymers.
The substituent can, however, be made from other
sdurces, such as monomeric high molecular weight
alkenes (e.g., l-tetracontene) and chlorinated
analogues and hydrochlorinated analogues thereof,
aliphatic petroleum fractions, particularl

Y paraffin . e
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described as being useful in lubricating fornulations as viscosity index
inprovers with dispersing characteristics. The pol yneric dispersants

generally are polymers or copol yners having a |ong carbon chain
containing "polar” groups to inmpart the dispafesiitele §'h%ﬁ‘ta‘cﬂgr$‘égl|‘%*s7996

Exanpl es of pol ar groups include anino; ¥&nido, inino, imido, hydroxyl and
et her groupswakes axdnpirackiede apd YHeoird n@iteRe a3dlicyuey died copol ymer s -of

et hy! ent pr oBYRERENAEFIFAHEES 2oaaPaiRo %Ie"%agw@i‘!};‘;‘er 4Ryl
acetate/funasynthetdceaﬂ&eneﬁpshpheas thbsp pmddqmﬁ@nbylthehspersants have
2202, 540, 37 3eRrorINaRE Ao baBblyy 16, G ROl v (BeyTerd) MESIED. | cants
may be pr epa@éd thgrawmgegokaﬂwnoﬁ@rrﬁhgsgn Stkélpl@l<£d-ll’!efﬁhﬁ aackbones.
For exanpl e, ablySunBataratidas in3¢tA87 s8HLtaRtent may be reduced or
eliminated by hydrogenation according to procedures
known in the art.

As used in this specification, the term
"hydrocarbon-based” denotes a group having a carbon
atom directly attached to the remainder of the molecule
and having a predominantly hydrocarbon character within
the context of this invention. Therefore, hydrocarbon-
based groups can contain up to one non-hydrocarbon
group for every ten carbon atoms provided this non-
hydrocarbon group does not significantly alter the
predominantly hydrocarbon character of the group.

Those skilled in the art will be aware of such groups,
which include, for example, hydroxyl, halo (especially
chloro and fluoro), alkoxyl, alkyl mercapto and alkyl
sulphoxy groups. Usually, however, the hydrocarbon-
based substituents are purely hydrocarbyl and contain
no such non-hydrocarbyl groups. -

The hydrocarbon-based substituents are
substantially saturated, that is, they contain no more
than one carbon-to-carbon unsaturated bond for every
ten carbon-to-carbon single bonds present. Usually,
they contain no more than one carbon-to-carbon non-
aromatic unsaturated bond for every 50 carbon-to-carbon
bonds present.

The hydrocarbon-based substituents are also
substantially aliphatic in nature, that is, they
contain no more than one non-aliphatic moiety
(cycloalkyl, cycloalkenyl or aromatic) group of six or
less carbon atoms for every ten carbon atoms in the
substituent;'Usually, however, the substituents contain
no more than one such non-aliphatic group for every

REPLACEMENT SHEET !
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3, 687,905 describe the use of nmleic anhydride as a graft nononer to a
pol yol efini c backbone. Maleic acid or anhydride is particularly desirable
as a graft nononer because this nononer is relatively inexpensive, provides

an econoni cal route to the incorporation of kpHptashest t 18g8uguship8ahds
into polymers by further reaction of thel&arboxyl groups of the naleic

20100 o LR erpuideatbid, {05 SRl cAldg o9 pBaNDds gp Ny oxy

conmpounds. U. S. tent N ‘ scribes graft c rs o i ned by

t he graftingﬁﬂCQiGﬂnﬁﬁ&&stﬁﬁQHHERﬁﬁﬁi%#rg}#wuégﬁﬁekﬁd the abypiiealie and at

| east one ot heibgtiitesetd P8 QEFe W £1i pisa il t i fappl yeEhegb! e

therew th: ¢ he,Qral Lo SOONT's MSLAMNED B AR o7 SaPEeg, 1 th @
groups.

.Specific examples of the substantially saturated
hydrocarbon-based substituents containing an average of
more than 30 carbon atoms are the following: a mixture
of poly(ethylene/propylene) groups of 35 to 70 carbon
atoms, a mixture of oxidatively or mechanically
degraded poly(ethylene/propylene} groups of 35 to 70
carbon atoms, a mixture of poly(proplene/l-hexene)
groups of 80 to 150 carbon atoms, and a mixture of
polyisobutene groups having an average of 50 to 75
carbon atoms.

A preferred source of the substituents are
polyisobutenes obtained by polymerisation of a C4
refinery stream having a butene content of 35 to 75
weight per cent and iscbutene content of 30 to 60
weight per cent in the presence of a Lewis acid
catalyst such as aluminium trichloride or boron
trifluoride. These polyisobutenes contain
predominantly (greater than 80% of total repeating
units) isobutene repeating units of the configuration:

-C (CH3) oCHo-

Exemplary of amino compounds useful in making the
acylated compounds are the following: (1) polyalkylene
polyamines of the general formula:

(R14) oN[P-N(R14) ] (R14 X

wherein each R1l% is independently a hydrogen atom, a
hydrocarbyl group or a hydroxy-substituted hydrocarbyl
group containing up to 30 carbon atoms, with the

proviso that at least one R14 is a hydrogen atom, t is

a whole number of 1 to 10 and P is a Cj_1g alkylene

group; i
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whi ch are copol ynerisable with maleic acid or anhydride are any al pha,
bet a- nonoet hyl eni cal | y unsat urated nononers which are sufficiently soluble

in the reaction nmedium and reactive towards maleic acid or anhydride _so
that substantially larger amounts of malei c 2ébsfitgie ghaghr 1@eAbgusH2o96
i hcorporated into the grafted polyneric Product. Accordingly, suitable

nononer s i ncl ude EQ& nS,7 847 sk digdl ; b £ & nmet hacrylic
acid, and _m)n(loérierh ‘cgﬁé}fﬁr@nlg no free acc?(}; %%%%%égsrﬁée}{él/%%%?pgggtion of
het er ocycl i c Pedrkardmnes mre Eafdeserihed 2PeVejescri bed by a process which

conprises a fi3)StheHeRidRic19A dunid it d i gl il d lwitt@in othacrylic acid
or nethacryl!c acid, alone or ip conhination with 55¥r ne, onto f.backbone
copol yner whiRH YAIR&F, FiGy it tRP B ARRYS AR of %%ﬁ%ﬁﬁoﬁ}ﬁ 3¢

conj ugat ed disaibsstiavierd: 44 ddr idgsd drat,ontor cetampl e, fpipsergzine, pol yner.

In the second ,5teh A RO WRAR N8 SRR 1 SndPraer . al one or in

{4) aromatic polyamines of the general formula:
Ar (NR14y) , XI

wherein Ar is an aromatic nucleus of 6 to 20 carbon
atoms, each R14 is as defined above and z is 2 to 8.

Specific examples of polyalkylene polyamines of
formula X are ethylene diamine, tetra(ethylene)pent-
amine, tri-(trimethylene)-tetramine and 1,2-propylene
diamine.

Specific examples of hydroxyalkyl-substituted
polyamines include N-{2-hydroxyethyl) ethylene diamine,
N,N'-bis- (2-hydroxy-ethyl) ethylene diamine and N-(3-
hydroxybutyl) tetramethylene diamine.

Specific examples of heterocyclic-substituted
polyamines are N-2-aminoethyl piperazine, N-2- and N-3-
amino propyl morpholine, N-3-(dimethyl amino) propyl
piperazine, 2-heptyl-3-(2-aminopropyl) imidazoline,
1,4-bis (2-aminoethyl) piperazine, 1-{2-hydroxy ethyl)
piperazine, and 2-heptadecyl-1l-(2-hydroxyethyl) -
imidazoline.

Specific examples of aromatic polyamines are the
various isomeric phenylene diamines and the various
isomeric naphthalene diamines.

Many patents have described useful acylated
nitrogen compounds including U.S. Patents Nos.
3,172,892, 3,219,666, 3,272,746, 3,310,492, 3,341,542,
3,444,170, 3,455,831, 3,455,832, 3,576,743, 3,630,904,
3,632,511, 3,804,763 and 4,234,435. A typical acylated
nitrogen-containing compound of this class is that made
by reacting a polyisobutene-substituted succinic
anhydride acylating agent wherein the pqlui




conbi nation with a hydrophobising vinyl ester is co- polynerised onto the
ftrst graft copolymer to forma second graft copolyner. Qher patents

describing graft polyners useful as dispersants in the fuel conpositions of
this invention include U S. Patents Nos. 3, Zubstiute shagt- 394August 39965,

4,026, 167, 4,085,055, 4,181,618 and 4, £788283. Anot her class of polyneric
di sper sant US@GI%tiEuEH@ ﬁaglffaﬂpgéléboaégocﬁkﬁsP'Q&Sﬂé'aﬂ B8 the

so-called "star"” polyners and copol yners are described in,
for exanpl e WPEtpsepfsefpylene po ammeimasmg 1 Bs37588ina, 409, 120 and

4,077, 893. 1Tﬁatw@@§maab@mssy@gté@&@pgn@hg@pyaﬁlgé§persants

Another type of acylated nitrogen compound
belonging to this class is that made by reacting the
aforementioned alkylene amines with the aforementioned
substituted succinic acids or anhydrides and aliphatic
monocarboxylic acids having from 2 to 22 carbon atoms.
In these types of acylated nitrogen compounds, the mole
ratio of succinic acid to monocarboxylic acid is in the
range from 1:0.1 to 1:1. Typical of the monocarboxylic
acids are formic acid, acetic acid, dodecanocic acid,
butanoic acid, oleic acid, stearic acid, the commercial
mixture of stearic acid isomers known as isostearic
acid and tolyl acid. Such materials are more fully
described in U.S. Patents Nos. 3,216,936 and 3,250,715.

Still another type of acylated nitrogen compound
useful in the fuel compositions of the invention is the
product of the reaction of a fatty monocarboxylic acid
of 12 to 30 carbon atoms and the aforementioned
alkylene amines, typically, ethylene, propylene or
trimethylene polyamines containing 2 to 8 amino groups
and mixtures thereof. The fatty monocarboxylic acids '
are generally mixtures of straight and branched chain
fatty carboxylic acids containing 12 to 30 carbon
atoms. A widely used type of acylated nitrogen
compound is made by reacting the aforementioned
alkylene polyamines with a mixture of fatty acids
having from 5 to 30 mole per cent straight chain acid
and 70 to 95 mole per cent branched chain fatty acids.
Among the commercially available mixtures are those
known widely in the trade as isostearic acid. These
mixtures are produced as a by-product from the
dimerisation of unsaturated fatty acids as described in
U.S. Patents Nos. 2,812,342 and 3,260,671.

The branched chain fatty acids can also include
those in which the branch is not alkyl in nature, such

i AR {ENT SHEET
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useful in the fuel conpositions of the present invention include the

hydr ocar bon- substi tuted phenolic conpounds wherein the hydrocarbon
substituents have a nol ecul ar wei ght which is sufficient to render the
phenol i ¢ compound fuel soluble. Generally, t$ubstituteshedtonSubagustudadswi l |
be a substantially saturated, hydrocarbd® based group of at |east 30 carbon

LT o i A A YR A pd 04
substantlallfhéQFﬁﬁﬂ 4WQﬁ@@ékboaniﬁﬁhﬁduﬂhﬁmnLﬁﬁﬁtYmmaRQP&wlawerage of
from30 to 4@@;@!@&@1@%&%&%@%:@&& Qﬂﬂré" KHch %Eﬂib@? 3. Arl

is an aromati.c nnlet¥ such benzéne nucl eus (ghthalene nu eus or

| i nked benzef@%n§ leOptllnoFalsl -y Patents, Nas ik &Yy A 3d by
formula X1 Bap26e810ai,n 3oBI3ar, 489013, 14060 0% 4SUQ) 429, |8ME T 33,|466,,639)\Ner

al koxy, nitrgndagtgg7§qglhalo

The phenol/aldehyde/amino compound condensates
useful as dispersants in the fuel compositions of the
invention include those generically referred to as
Mannich condensates. Generally, they are made by
reacting simultaneously or sequentially at least one
active hydrogen compound such as a hydrocarbon-
substituted phenol (e.g., an alkyl phenol wherein the
alkyl group has at least an average of 12 to 400,
preferably 30 to 400, carbon atoms), having at least
one hydrogen atom bonded to an aromatic carbon, with at
least one aldehyde or aldehyde-producing material
(typically formaldehyde precursor) and at least one
amino or polyamino compound having at least one NH
group. The amino compounds include primary or
secondary monoamines having hydrocarbon substituents of
1 to 30 carbon atoms or hydroxyl-substituted
hydrocarbon substituents of 1 to 30 carbon atoms.
Another type of typical amino compound are the
polyamines described during the discussion of the
acylated nitrogen-containing compounds.

Exemplary monocamines include methyl ethyl amine,
methyl octadecyl amines, aniline, diethyl amine,
diethanol amine and dipropyl amine. The following
patents contain extensive descriptions of Mannich
condensates: U.S. Patents Nos. 2,459,112, 3,413,347,
3,558,743, 2,962,442, 3,442,808, 3,586,629, 2,984,550,
3,448,047, 3,591,598, 3,036,003, 3,454,497, 3,600,372,
3,166,516, 3,459,661, 3,634,515, 3,236,770, 3,461,172,
3,649,229, 3,355,270, 3,493,520, 3,697,574, 3,368,972
and 3,539, 633.

Condensates made from sulphur-containing reactants




groups. Preferred exanples of optional substituents are the nitro and am no
groups. The substantially saturated hydrocarbon-based group R15 in formula
XI'l may contain up to 750 aliphatic carbon atonms although it usually has a
maxi mum of an average of 400 carbon atons. |Rubsfifiite sbeahcd9 August 1896 a
m ni mum of 50 carbon atons. As noted, t-h&0phenolic conpounds may contain

more than onecaﬁfemo%@uasé&u&aeﬁeaf&ggtbsmgagigfangn okNengromtic mi ety

Arferr]. Cenerally, hydr ocar bon- bas are erlved from
hono- or int RYRISHE %nxf@neloncoﬁmqmglph@rp@@%@m}n@fcmﬁgnsaﬁss
g' ?I efi 28 havi g é’esérit@e&aixbonn gts gﬁfteﬁtlghuﬁixe% hyés@,n@vzp(r: ?E%Lerg cal |
AR 7 SR I L oG G TR e Y LR
t he hal ogenatpakdretg.also disclose sulphur-containing Mannich
condensates. Generally the condensates used in making
compositions of this invention are made from a phenol
bearing an alkyl substituent of 6 to 400 carbon atoms,
more typically, 30 to 250 carbon atoms. These typical
condensates are made from formaldehyde or Co.7
aliphatic aldehyde and an amino compound such as those
used in making the acylated nitrogen-containing
compounds described above.
These preferred condensates are prepared by
reacting one molar portion of phenolic compound with 1
to 2 molar portions of aldehyde and 1 to 5 equivalent
portions of amino compound (an equivalent of amino
compound is its molecular weight divided by the number
of -NH- groups present). The conditions under which
such condensation reactions are carried out are well
known to those skilled in the art. |
A particularly preferred class of nitrogen-
containing condensation products for use in the fuel
compositions of the present invention are those made by
(1) reacting at least one hydroxy aromatic compound
containing an aliphatic-based or cycloaliphatic-based
substituent which has at least 30 carbon atoms and up
to 400 carbon atoms with a lower aliphatic Cj1-7
aldehyde or reversible polymer thereof in the presence
of an alkaline reagent, such as an alkali metal
hydroxide, at a temperature up to 150°C; (2)
substantially neutralising the intermediate reaction
mixture thus formed; and (3) reacting the neutralised
intermediate with at least one compound which contains
an amino group having at least one -NH- group.
More preferably, these condensates are made from
(a) phenols bearing a hydrocarbon-based subsf1f"ent

| 20 AuG s
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-32 - chlorinated or brom nated) anal ogues of such homo- or interpolyners.
The R15 groups can, however, be nade from ot her sources, such as nononeric

hi gh nol ecul ar melght al kenes (e.g. 1-tetracontene) and chlorinated
anal ogues and hydrochl ori nated anal ogues t hePdbs$tituse ispret i d pAugust 1896

fractions, particularly paraffin waxes -agd €racked and chl ori nat ed

anal ogues and chhoti.n d g her, ) nthetlc
al kengs such ggvtg{%gsgbp?:gdg%%dcgggfﬁ Hgﬁmrs ersg%gt fsg% rocg‘lsesf&( é’ey
pol y( et hyl enefegieadefyomna npwmeyoep‘-cpgopw@meuolrw@rm IZ-ed in the

art. Any UnSaﬁﬂféﬁépnotn1585u8$ﬁe9éﬁap?byafogﬁaiag gﬁ felln1nated by
hydr ogenati on_accor rocedures known in the t ‘before the nitration
step descrlbeﬁeﬁ%Féé#Egrp°é§E6FfFBegﬁaﬁplé§ gf -t REL1O¥B®Canti al |y saturat ed

paraformaldehyde} or functional equivalent thereof,
{(e.g., methylol) and (c) an alkylene polyamine such as
ethylene polyamines having from 2 to 10 nitrogen atoms.

The esters useful as dispersants in the fuel
compositions of the invention are derivatives of
substituted carboxylic acids in which the substituent
is a substantially aliphatic, substantially saturated
hydrocarbon-based group containing at least 30,
preferably at least 50, up to 750 aliphatic carbon
atoms. As used herein, the term "hydrocarbon-based
group"” denotes a group having a carbon atom directly
attached to the remainder of the molecule and having
predominantly hydrocarbon character within the context
of this invention. Such groups include the following:
(1} Hydrocarbon groups; that is, aliphatic groups,
aromatic-andalicyclic-substituted aliphatic groups, and
the like, of the type known to those skilled in the
art.
(2) Substituted hydrocarbon groups; that is, groups
containing non-hydrocarbon substituents which, in the
context of this invention, do not alter the
predominantly hydrocarbon character of the group.
Those skilled in the art will be aware of suitable
substituents; examples are halo, nitro, hydroxy,
alkoxy, carbalkoxy and alkylthio.
(3) Hetero groups; that is, groups which, while
predominantly hydrocarbon in character within the
context of this invention, contain atoms other than
carbon present in a chain or ring otherwise composed of
carbon atoms. Suitable hetero atoms will be apparent to
those skilled in the art and include, for example,
nitrogen, oxygen and sulphur.

In general, no more than about three substituents

W%@E’?
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hydr ocar bon-based R err] groups are the follow ng: a tetracontanyl group, a
henpent acont anyl group, a mxture of poly(ethylene/propylene) groups of 35
to 70 carbon atoms, a mixture of oxidatively or mechanically degraded

pol y(et hyl ene/ propyl ene) groups of 35 to 70 Substitntesbest - 4 9August 1806

pol y(propyl ene/ 1- hexene) groups of 80 t02250 carbon atons, a mxture of
pol yi sobut enegietscdiaatdies 2aid ﬁef@f%%&%ré“@%&n %&é?rﬁiﬁi
polylsobuten§¥%rqggg ngégg an av%ia e of to 75 carbon atons. _
preferred somfc® Wt HH P b |CARROD ATARD IR e Rydre artben
polynprisati@msﬁdegﬁﬁugr] refinerg fé;fag}hgglng gobaéfnﬁtcogﬁeggn?figStLg
[7)r5e\évglnggt o?e; Egﬁg%ﬂﬁmﬁﬁ&?yﬁ%m#ﬁ Fhe ﬁ‘i‘ﬁﬁ)]r Yie or boron
trifluoride. PFeRargsh by ddiitadiesl atummiof mredovdatatdatddyrastdy éham 80% of
total repeatl deib@lt i BNAYOE such as an anhydride, with a source

of the desired hydrocarbon-based group. Suitable

unsaturated acids and derivatives thereof include

acrylic acid, methacrylic acid, maleic acid, maleic

anhydride, fumaric acid, itaconic acid, itaconic

anhydride, citraconic acid, citraconic anhydride,

mesaconic acid, glutaconic acid, chloromaleic acid,

aconitic acid, crotonic acid, methylcrotonic acid,

sorbic acid, 3-hexenoic acid, 10-decenoic acid and 2-

pentene-1,3,5~tri-carboxylic acid. Particularly

preferred are the unsaturated dicarboxylic acids and

their derivatives, especially maleic acid, fumaric acid

and maleic anhydride.

Suitable alkylating agents include homopolymers and

inter-polymers of polymerisable olefin monomers

containing from 2 to 10 and usually from 2 to 6 carbon

atoms, and polar substituent-containing derivatives

thereof. Such polymers are substantially saturated

(i.e., they contain no more than about 5% olefinic

linkages) and substantially aliphatic (i.e., they

contain at least 80% and preferably at least 95% by

weight of units derived from aliphatic monoolefins).

Illustrative monomers which may be used to produce such

polymers are ethylene, propylene, l-butene, 2-butene,

isobutene, l-octene and l-decene. Any unsaturated

units may be derived from conjugated dienes such as

1,3-butadiene and isoprene; non—cdnjugated dienes such

as 1,4-hexadiene, 1,4-cyclohexadiene, 5-ethylidene-2-

norbornene and 1,6-octadiene; and trienes such as 1-

isopropylidene-3a, 4,7, 7a-tetrahydroindene, 1-

isopropylidene-dicyclopentadiene and 2-{2-methylene-4-

methyl-3-pentenyl) {2.2.1]-bicyclo-5-heptene. REPLACENE%ﬁisHﬁET
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repeating units of the configuration. -C(CH3)2CH2- - - 33 - The attachnent
of the hydrocarbon-based group Rlerr] to the aromatic nmoiety Ar[err] can be

acconpl i shed by a nunmber of techniques well known to those skilled in the
art. In one preferred embodi nent, the phenol Pébsiitsiirshast s 19sAugust H996e

fuel conpositions of the present inventi®h~-are hydrocarbon-substituted

ni Lro phenol s asar mr;&erﬁz@fé%fg@rdpfs% )@_Iﬁheﬂ@r}lei{nféo ph&e}ﬁ%ﬁ'{%ﬁg hose

ign\slteln;[ gﬁmy 3 g‘ﬁe dy aggr% % r‘?'g“cgbﬁsoyﬂq% ¥l 8Rfon ot LULRRL 1 v pi caI ly, the

nitro phenol §sabatemerachdl-hdxens.on Bxperd ilall 1 yp harof er ey i wigt Rin
this class are polybutenes comprising predominantly
isobutene units. A second preferred class comprises
terpolymers of ethylene, a C3-g alpha-monoolefin and a
polyene selected from the group consisting of non-
conjugated dienes (which are especially preferred} and
trienes. Illustrative of these terpolymers is
"Ortholeum 2052" manufactured by E.I. duPont de Nemours
& Company, which is a terpolymer containing about 48
mole per cent ethylene groups, 48 mole per cent
propylene groups and 4 mole per cent 1,4-hexadiene
groups and having an inherent viscosity of 1.35 (8.2
grams of polymer in 10 ml of carbon tetrachloride at
30°C) .

Methods for the preparation of the substituted
carboxylic acids and derivatives thereof are well known
in the art and need not be described in detail.
Reference is made, for example, to U.S. Patents Nos.
3,272,746, 3,522,179 and 4,234,435. The mole ratio of
the polymer to the unsaturated acid or derivative
thereof may be equal to, greater than or less than 1,
depending on the type of product desired.

The esters are those of the above-described
substituted carboxylic acids with hydroxy compounds
which may be aliphatic compounds such as monohydric and
polyhydric alcochols or aromatic compounds such as
phenols and naphthols. Examples of aromatic hydroxy
compounds include phenol, beta-naphthol, alpha-
naphthol, cresol, resorcinol, catechol, p,p'-
dihydroxybiphenyl, 2-chlorophencl, 2,4-dibutylphencl,
propene tetramer-substituted phenol, didodecylphenol,
4,4'-methylene-bis-phenol, alpha-decyl-beta-naphthol,
polyisobutene {(molecular weight of 1000)-substituted
phenol, the condensation product of heptylphenol with
formaldehyde, the condensation product of octyl-phenol

REPLACEMENT SHEET
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al kyl group of at least 30 and preferably at |east 50 carbon atons. The
preparation of a nunber of hydrocarbon-substituted nitro phenols useful in

the fuel conpositions of the present inventign is described in U S. Patent
No. 4,347,148. In another preferred enbodine%PPSPHEeH@Hﬁ&céﬁ%@ﬁgUSt1996
substituted phenol dispersants useful imn2fhe present invention are

hydrocar bon- sibghi 48&€8naj a9 (H?&_ﬁ@k?pﬁéﬁ?l Fsoﬁf&é?séﬂt(ﬁgagbsix&%g‘;gaaﬁ lno

wherein the option substi,t ue S ._one of nore.am no
phenol s can d@%%%XfLﬁ?#?ﬁbgeprgbé#%ﬁr%§yﬂh?Fﬁilﬂbsﬂkpggﬁﬁppﬁpgté‘hydroxy
aromatic conpmyuﬂoaheﬂykphéheﬂiabBMeneDdaﬁhethﬁLetedﬁﬁhé?ﬁgsthagmhbrg o

roups to am 0 Typi u nn engl s are, forne y
gitrgtion an e%%c??%%eo%fgfgy%ggﬁégg?gﬁﬁ%v+ﬁ§'%ﬁgggﬁﬁ?gor g?ﬁgnﬁF group
of at |east Jthenlkybfsubstituenteasayscontaimnl@® ove. mdhe paepanation of
a |l arge nunbegrghs hydrocarbon-substituted am no phenol s usef ul

The aliphatic alcohols from which the esters may be
derived preferably contain up to 40 aliphatic carbon
atoms. They may be monochydric alcohols such as
methanol, ethanol, isooctanol, dodecanol, cyclohexanol,
cyclopentanol, behenyl alcohol, hexatriacontanocl,
neopentyl alcohol, isobutyl alcohol, benzyl alcohol,
beta-phenylethyl alcohol, 2-methylcyclohexanol, beta-
chloroethanol, monomethyl ether of ethylene glycol,
monobutyl ether of ethylene glycol, monopropyl ether of
diethylene glycol, monododecyl ether of triethylene
glycol, monooleate of ethylene glycol, monostearate of
diethylene glycol, secpentyl alcohol, tertbutyl
alcohol, S5-bromo-dodecancl, nitro-octadecanol and
dioleate of glycerol. The polyhydric alcohols
preferably contain from 2 to 10 hydroxy radicals. They
are illustrated by, for example, ethylene glycol,
diethylene glycol, triethylene glycol, tetraethylene
glycol, dipropylene glycol, tripropylene glycol,
dibutylene glycol, tri-butylene glycol, and other
alkylene glycols in which the alkylene radical contains
from 2 to 8 carbon atoms. Other useful polyhydric
alcohols include glycerol, monooleate of glycerol,
monostearate of glycerol, monomethyl ether of glycerol,
pentaerythritol, 9,10-dihydroxy stearic acid, methyl
ester of 9,10-dihydroxy stearic acid, 1,2-butanediol,
2,3-hexanediol, 2,4-hexanediol, penacol, erythritol,
arabitol, sorbitol, mannitol, 1,2-cyclohexanediol, and
xylene glycol. Carbohydrates such as sugars, starches
and cellulose may also yield esters useful in this
invention. The carbohydrates may be exemplified by
glucose, fructose, sucrose, rhamnose, mannose,




as dispersants in the present invention is described in U S. Patent No.

4; 320, 021. Al so useful as dispersants in the fuel conpositions of the
present invention are fuel-soluble al koxylated derivatives of alcohols,
phenol s and amines. A wide variety of such deubstitte sbeetan1BeAugust $886as
|'ong as the derivatives are fuel -sol ubte23 Wore preferably, the - 34 -

derivatives iglyadddlidehyde MG utesad ubl e shoul d be water-insol uble
Accordingly, in referred embodi ment, the fuel-soyﬁgéf al koxyl at ed
der i vat i ves usef O ESRER lgpé’rrsedj'r}:hersreéjré: £ R9EWH avi ng an HLB of
from1l to 13alkohcdlsmvadde imee tavimseatskiddsd thrddchyrdtoxy he
fuel -sol ubil E%&i%q.élyatﬂnié %séjlwlﬁtliék{ tlya\?eh%eaé:rg et-zrsitsé[zi'ffsied with a
monocarboxylic acid having from 8 to 30 carbon atoms,
such as octanoic acid, oleic acid, stearic acid,
linoleic acid, dodecanoic acid, or tall oil acid.
Examples of such partially esterified polyhydric
alcohols are the monooleate of sorbitol, distearate of
sorbitol, monooleate of glycerol, monostearate of
glycerol, di-dodecancate of erythritol.

The esters may also be derived from unsaturated
alcohols such as allyl alcohol, cinnamyl alcohol,
propargyl alcochol, l-cyclohexene-3-ol and oleyl
alcohol. Still another class of the alcohols capable of
yielding the esters useful in this invention comprise
the ether-alcohols and amino-alcohols including, for
example, the oxyalkylene-, oxyarylene-, amino-alkylene-
and amino-arylene-substituted alcohols having one or
more oxyalkylene, oxyarylene, amino-alkylene or amino-
arylene radicals. They are exemplified by Cellosolve,
carbitol, phenoxyethanol, heptylphenyl-(oxypropylene)g-
H, octyl-(oxyethylene)3g-H, phenyl-(oxyoctylene)y-H,
mono (heptylphenyl-oxypropylene)-substituted glycerol,
poly(styrene oxide}, amino-ethanol, 3-amino ethyl-
pentanol, di(hydroxyethyl) amine, p-amino-phenol,
tri (hydroxypropyl})amine, N-hydroxyethyl ethylene
diamine and N,N,N',N'-tetrahydroxy-trimethylene
diamine. For the most part, the ether-alcohols having
up. to about 150 oxyalkylene radicals in which the
alkylene radical contains from 1 to 8 carbon atoms are
preferred.

The esters may be diesters of succinic acids or
acidic esters, i.e., partially esterified polyhydric
alcohols or phenols, i.e., esters having free alcoholic
or phenolic hydroxyl radicals. Mixtures of the above-
illustrated esters likewise are contemplated within the .
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of the al koxyl ated derivatives can be controlled by selection of the
al cohol , phenol or am ne, selection of the particul ar al koxy reactant, and
by sel ection of the amount of al koxy reactant which is

t reacted with
al cohol , phenol or amine. Accordingly, the %”(,béﬁﬁll't? heetn ﬁé@‘{ﬂqqti@%&t 0

prepare the al koxyl ated derivatives ar& #ydrocarbon-based al cohols while
the am nes alseopedigr HHY | irfrdididrlt ed am nes as described above. The

phenol S Ry D PRIOl Sl oG, ke Ul Wl S B S0 e
al koxyl at ed cevieralli westhayds obtTHenatk thod edrildng ¢ hhreffexmted . bedensd or
fhe derivat | 98 qasni¥ngd Haf diadidil SRR or Tl jed e AT O
am ne with apregusesnolimvolvesnithe reachioms ofa suibtaie @adarholx her
epoxi des whi gt eRRNRE WAAH @ siistants AP MY dr e MIn-Yur¥t NG e | ude,
succinic anhydride. The esterification is usually
carried out at a temperature above about 100°C,
preferably between 150°C and 300°C.

The water formed as a by-product is removed by
distillation as the esterification proceeds. A solvent
may be used in the esterification to facilitate mixing
and temperature control. It also facilitates the
removal of water from the reaction mixture. The useful
solvents include xylene, toluene, diphenyl ether,
chlorobenzene and mineral oil.

A modification of the above process involves the
replacement of the substituted succinic anhydride with
the corresponding succinic acid. However, succinic
acids readily undergo dehydration at temperatures above
about 1000C and are thus converted to their anhydrides
which are then esterified by the reaction with the
alcohol reactant. In this regard, succinic acids appear
to be the substantial equivalent of their anhydrides in
the process.

The relative proportions of the succinic reactant
and the hydroxy reactant which are to be used depend to
a large measure upon the type of the product desired
and the number of hydroxyl groups present in the
molecule of the hydroxy reactant. For instance, the
formation of a half ester of a succinic acid, i.e., one
in which only one of the two acid radicals is
esterified, involves the use of one mole of a
nonohydric alcohol for each mole of the substituted
succinic acid reactant, whereas the formation of a
diester of a succinic acid involves the use of two
moles of the alcohol for each mole of the acid. On the

A
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for exanpl e, propyl ene oxide, styrene oxide, 1,2- butylene oxide,
2; 3-butyl ene oxi de, epichlorohydrin, cyclohexene oxide and 1, 2- octylene

oxi de. Preferably, the epoxides are the alkylene oxi des in which the
al kyl ene group has from2 to 8 carbon atons.Substidie sbaet- 49oHugust 1996

désirable and preferred that the amountC 8T —al kyl ene oxide reacted with the

al cohol , phertnihaf RaRde &Qellﬁé&léfd:f'S%ek&h&&ﬁﬁéraié@lﬂfriﬁ@t'Ve

mater-soluble he follaw ng are exa es of commercially avail able
al kyl ene oxi d&® ?%é%+€§ %QW rgkf i?%eﬂ L2 #HSpbrignesidntene fue

conposi tions firm hen esteBbin vﬂtmrﬁaamv@ﬂttlﬁm:sﬂ Hoy@eoxyl 12, tertiary

am nes et hyl engyqxd Ae SANAENSA LML P LIS P eI L8 ML Ne of the
two acid radicals of the succinic acid. Thus, the
maxlmum.proportlon of the succinic acid to be used with
a polyhydrlc alcohol is determined by the number of
hydroxyl groups present in the molecule of the hydroxy
reactant. For the purposes of this invention, it has
been found that esters obtained by the reaction of
equimolar amounts of the succinic acid reactant and
hydroxy reactant have superior properties and are
therefore preferred.

In some instances, it is advantageous to carry out
the esterification in the presence of a catalyst such
as sulphuric acid, pyridine hydrochloride, hydrochloric
acid, benzenesulphonic acid, p-toluenesulphonic acid,
phosphoric acid, or any other known esterification
catalyst. The amount of the catalyst in the reaction
may be as little as 0.01% (by weight of the reaction
mixture), more often from 0.1% to 5%.

The succinic acid esters may alternatively be
obtained by the reaction of a substituted succinic
acid or anhydride with an epoxide or a mixture of an
epoxide and water. Such reaction is similar to one
involving the acid or anhydride with a glycol. For
instance, the product may be prepared by the reaction
of a substituted succinic acid with one mole of
ethylene oxide. Similarly, the product may be obtained
by the reaction of a substituted succinic acid with two
moles of ethylene oxide. Other epoxides which are
commonly available for use in such reaction include,
for example, propylene oxide, styrene oxide, 1,2-
butylene oxide, 2,3-butylene oxide, epichlorohydrin,
cyclohexene oxide, 1,2-octylene oxide, epoxidised soya
bean o0il, methyl ester of 9,10-epoxy-stearic acid and
butadiene mono-epoxide. For the most part, the
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fatty amnes (HLB, 4.15; Armak Industries); and Plurafac A-24, an
oxyet hyl ated strai ght-chain al cohol avail able from BASF Wandotte
I ndustries (HLB 5.0). O her suitable fuel-sqgluble al koxyl ated derivatives
of al cohol's, phenols and anines will be read4optisipig-shast + b9 AUstski96 ed

i‘n the art. In a particularly_preferrédzénpodinent, further to the conpound
of formula | epbikedeiselareomhesialikgleple bk desy ant wlilidmitigldIty¥inald ¥

succi ni i de GBPLGRDT PESRECR 7 (e SoGRFERE ATHRS RIS ARPEESRA ccul ar

wei ght (M) ifattlgeacidgest@dst dnS@hAchptheefaltity HGd rad®dl haw e

DLS1er 0L kel €520l EabciOA0 R A0 8R0SO P00 0T

am ne, especifapmyagloperr pleshed bewingnupg 3ot § rFaxborogdiemst.ons, e.g.

di ethylene triangfe) ikl gith¥h@ngubeihaBl Beidl 8t aRRLAHIGRE a
lactone acid or a substituted succinic acid halide may
be used in the processes illustrated above. Such acid
halides may be acid dibromides, acid dichlorides, acid
monochlorides, and acid monobromides. The substituted
succinic anhydrides and acids can be prepared by, for
example, the reaction of maleic anhydride with a high
molecular weight olefin or a halogenated hydrocarbon
such as is obtained by the chlorination of an olefin
polymer described previously. The reaction involves
merely heating the reactants at a temperature
preferably from 100°C to 250°C. The product from such a
reaction is an alkenyl succinic anhydride. The alkenyl
group may be hydrogenated to an alkyl group. The
anhydride may be hydrolysed by treatment with water or
stean to the corresponding acid. Another method useful
for preparing the succinic acids or anhydrides involves
the reaction of itaconic acid or anhydride with an '
olefin or a chlorinated hydrocarbon at a temperature
usually within the range from 100°C to 250°C. The
succinic acid halides can be prepared by the reaction
of the acids or their anhydrides with a halogenation
agent such as phosphorous tribromide, phosphorus
pentachloride, or thionyl chloride. These and other
methods of preparing the succinic compounds are well
known in the art and need not be illustrated in further
detail here.

Still further methods of preparing esters useful in
the fuel compositions of the present invention are
available. For instance, the esters may be obtained by
the reaction of maleic acid or anhydride with an
alcohol such as is illustrated above to form a mono- or
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pent am ne, pentaet hyl ene hexam ne, hexaet hyl ene heptam ne, tripropyl ene
teetram ne and m xtures of any 2 or nore thereof. Preferably the

hydr ocar bon- sol ubl e ashl ess di spersant is present in an anpunt in the range
30 to 500 ppmw, nore preferably 100 to 300 ppilstitutesgheedr 13tAygust 1996
conposition. The fuel conposition may addi+ionally include (e.g. as an

ol yam ne. as g of mateEaStaR 3k shen, te HRadttatl £ TR o as
descri bed i negPen- withoe® olefdackercasehilordnaitiegdr hydnadarben tsuathose
described thggeig. i1ifstake0ABOYE!L ORMERY may B8 el lopteids dypme-
speed |nprov§[, an al kali_ netal or alkalife earth netal salt of a“succinic
aci d derivat F¥EShse§E8ZATNEAT; htrPOnAC gphydgiden ofi qigh a@hntities to
those descrig@bsequently reacting the ester intermediate with an
olefin or a chlorinated hydrocarbon under conditions
similar to those described hereinabove.
A large number of different types of polymeric
dispersants have been suggested as useful in
lubricating oil formulations, and such polymeric
dispersants are useful in the fuel compositions of the
present invention. Often, such additives have been
described as being useful in lubricating formulations
as viscosity index improvers with dispersing
characteristics. The polymeric dispersants generally
are polymers or copolymers having a long carbon chain
and containing "polar" groups to impart the dispersancy
characteristics. Examples of polar groups include
amino, amido, imino, imido, hydroxyl and ether groups.
For example, the polymeric dispersants may be
copolymers of methacrylates or acrylates containing
additional polar groups, ethylene/propylene copolymers .
containing polar groups or vinyl acetate/fumaric acid
ester copolymers.
Many such polymeric dispersants have been described
in the prior art, for example in U.S. Patents Nos.
4,402,844, 3,356,763 and 3,891,721.
A number of the polymeric dispersants may be
prepared by grafting polar monomers on to polyolefinic
backbones. For example, U.S. Patents Nos. 3,687,849 and
3,687,905 describe the use of maleic anhydride as a
graft monomer to a polyolefinic backbone. Maleic acid
or anhydride is particularly desirable as a graft
monomer because this monomer is relatively inexpensive,
provides an economical route to the incorporation of
dispersant nitrogen compounds into polymers by further




= 36 - therein. Apart from conponents already described above, the fuel
conposition may al so contain other additives. Thus, it can contain a | ead
conpound as an anti-knock additive, and accordinghé the fuel conposjtion

according to the invention includes both | eatgtIwEe shfedadbd ARGt 136 The

fruel conposition can also contain antioxB@ants such as phgno!ics, e.Jg.
2o bty Cp. e RME Lo cORNLADPY) M a8Spef Somlolladl |,
conpounds, orRYRFYEY HEPRRAVRES addVt PveBateny Nas #e36P; hd8 Arsgrébesat ent
No. 4,473, 261geaek Efopoliheflobt8ifbe byetheogpastingnodcaomehbiero the
invention, the [Ugh YS89riSiRGShe18PLYadP%, "Shnyafiad and at least
one other different monomer which is addition
copolymerisable therewith; the grafted monomer system
then being post-reacted with a polyamine. The monomers
which are copolymerisable with maleic acid or anhydride
are any alpha, beta-monoethylenically unsaturated
monomers which are sufficiently soluble in the reaction
medium and reactive towards maleic acid or anhydride so
that substantially larger amounts of maleic acid or
anhydride can be incorporated into the grafted
polymeric product. Accordingly, suitable monomers
include the esters, amides and nitriles of acrylic and
methacrylic acid, and monomers containing no free acid
groups. The incorporation of heterocyclic monomers
into graft polymers is described by a process which
comprises a first step of graft polymerising an alkyl
ester of acrylic acid or methacrylic acid, alone or in
combination with styrene, onto a backbone copolymer
which is a hydrogenated block copolymer of styrene and
a conjugated diene having 4 to 6 carbon atoms to form a
first graft polymer. In the second step, a
polymerisable heterocyclic monomer, alone or in
combination with a hydrophobising vinyl ester is co-
polymerised onto the first graft copolymer to form a
second graft copolymer.
Other patents describing graft polymers useful as
dispersants in the fuel compositions of this invention
include U.S. Patents Nos. 3,243,481, 3,475,514,
3,723,575, 4,026,167, 4,085,055, 4,181,618 and
4,476,283.
Another class of polymeric dispersant useful in the
fuel compositions of the invention are the so-called
"star" polymers and copolymers. Such polymers are
described in, for example U.S. Patents Nos.

A




hydr ocarbon base fuel boiling essentially in the gasoline boiling range
ffom30 to 230[err]C. Such a base fuel may conprise m xtures of saturated,

ol efinic and aromati c hydrocarbons. It can be derived from straight-run
gasol i ne, synthetically produced aronatic hydubstiusesheekt 19AuguptifB v

or catalytically cracked hydrocarbon feedlst-ocks, hydrocracked petrol eum

fractions or ﬁg}@)@jﬁa%y%%%f%#d‘l h&'é’é,ojf?d b'%{ehgédld\;@' .fne nunber of the

base fuel is not critica enera ) 5.7 1n the gasoline,
hydr ocar bons can e hyfdracarhqntsubatidiutind shenedun dispersantss, et hers,

ketones, or esiefid iMttHefuel tdundse: fdied d'hfs ﬂ@iﬂzféééh@%_stahtial 'tiyon
5T Pust rat SRR ERRE T o o B, RS2 TP e s bR i G e
mol ecul ar weicgmpounids whextedich vidree hydrtcersar batrh esulisstel Huedi testlegire det er ni ned
by gel  per megly) QR ua ORI Y sufficient to render the

phenolic compound fuel soluble. Generally, the

hydrocarbon substituent will be a substantially

saturated, hydrocarbon-based group of at least 30

carbon atoms. The phenolic compounds may be

represented generally by the following formula:

(R15) -arl-(oH) . XII

wherein R1S is a substantially saturated hydrocarbon-
based substituent having an average of from 30 to 400
aliphatic carbon atoms, and g and h are each 1, 2 or 3.
Arl is an aromatic moiety such as a benzene nucleus,
naphthalene nucleus or linked benzene nuclei.
Optionally, the above phenates as represented by
formula XII may contain other substituents such as
lower alkyl, lower alkoxy, nitro, amino and halo
groups. Preferred examples of optional substituents
are the nitro and amino groups.

The substantiélly saturated hydrocarbon-based group
R1S in formula XIT may contain up to 750 aliphatic
carbon atoms although it usually has a maximum of an
average of 400 carbon atoms. In some instances R1S has
a minimum of 50 carbon atoms. As noted, the phenolic
compounds may contain more than one R15 group for each
aromatic nucleus in the aromatic moiety Arl.

Generally, the hydrocarbon-based groups R15 are
derived from homo- or interpolymers (e.g., copolymers,
terpolymers) of mono- and diolefins having 2 to 10
carbon atoms, such as ethylene, propylene, butene-1,
isobutene, butadiene, isoprene, l-hexene and l-octene.
Typically, these olefins are l1-monoolefins. The R13
grouﬁé can also be derived from the halogenated (e.gq.,
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agai nst pol ystyrene and pol ypropyl ene glycol standards. The follow ng terns
used in the Exanpl es are expl ai ned bel ow. Pol yglycol | - ? C[err% - ﬁ%err]

| i near al cohol initiated - 37 - propyl ene_oxi de honopol yner of nunber
aver age nol ecul ar wei ght (M) 1500; Pol ygl ycoibstitute gheeter 1P Augpst 1996

| I near al cohol initiated propyl ene oxi de3honopol ymer of nunber average

mol ecul ar veiglof Matd808r Bebuohy€ed) | | dna1dghukage! sgeg!h; il}a gd 82 W %

: = .
ol boul ar wei RIS TRISYBEES, BhE, RT3 COTORRS -Ca b RANBFEF i PPaBadess i ot
propyl ene oxiftion Sothétr esdyteas, osuck asngomemepdt YWEgh molecular
weight alkenes {e.g. l-tetracontene) and chlorinated
analogues and hydrochlorinated analogues thereof,
aliphatic petroleum fractions, particularly paraffin
waxes and cracked and chlorinated analogues and
hydrochlorinated analogues thereof, white oils,
synthetic alkenes such as those produced by the
Ziegler-Natta process (e.g., poly(ethylene) greases)
and other sources known to those skilled in the art.
Any unsaturation in the R15 groups may be reduced or
eliminated by hydrogenation according to procedures
known in the art before the nitration step described
hereafter.

Specific examples of the substantially saturated
hydrocarbon-based R15 groups are the following: a
tetracontanyl group, a henpentacontanyl group, a
mixture of poly(ethylene/propylene) groups of 35 to 70
carbon atoms, a mixture of oxidatively or mechanically
degraded poly(ethylene/propylene) groups of 35 to 70
carbon atoms, a mixture of poly(propylene/l-hexene)
groups of 80 to 150 carbon atoms, a mixture of
polyisobutene groups having 20 to 32 carbon atoms, and
a mixture of polyisobutene groups having an average of
50 to 75 carbon atoms. '

A preferred source of the group R15 are
polyisobutenes obtained by polymerisation of a C4
refinery stream having a butene content of 35 to 75
weight per cent and isobutene content of 30 to 60
weight per cent in the presence of a Lewis acid
catalyst such as aluminium trichloride or boron
trifluoride. These polyisobutenes contain predominatly
(greater than 80% of total repeat units) isobutene
repeating units of the configuration.

-C(CH3) 2CHo~-




of nunber average nol ecul ar wei ght (n) 2500; Polyglycol V - a polyethyl ene
gtycol initiated 50 wt % propyl ene oxi de/ 50 wt % et hyl ene oxide partially
randoni partially bl ock copol ymer of nunber average nol ecul ar weig

2000; Polyglycol VI - a C[err] - Jerr] I|ne%‘ﬂbsélté%éhe‘r’hﬂ?aﬁ@ﬁ%ﬁr&é?ﬁene
oxi de honopol ymer of nunber average nDTéEhrar wei ght (M) 500. "VERSATIC' 5

(trade mark) aci I q;wmﬁr g1ally

avai l able from ngnht()egra%t&%r{g d(;f; I¥ayal Dut%%?e%‘f ou " VERSATI C"
10 (trade matR) the Rromatdc maietss Pb’-'r arfde P HIR88R 1 shed 04 gener al
formul a [ err hunibeire dff eledhriRfieds vl &krpwiltdftHoandial Xl ed r il €] -
Rl err] repres&g}s a group of fornmula Jerr]J]Herr]- ; Rerr] represents a
group of geng “formula CJerr]Herr]-; and a + b + ¢c =8, whichis
comerci al | y avalnaigne forefienneseembodimends the phenolic

dispersants useful in the fuel compositions of the
present invention are hydrocarbon-substituted nitro
phenols as represented by formula XII wherein the
optional substituent is one or more nitro groups. The
nitro phenols can be conveniently prepared by nitrating
appropriate phenols, and typically, the nitro phenols
are formed by nitration of alkyl phenols having an
alkyl group of at least 30 and preferably at least 50
carbon atoms. The preparation of a number of
hydrocarbon-substituted nitro phenols useful in the
fuel compositions of the present invention is described
in U.S. Patent No. 4,347,148.

In another preferred embodiment, the hydrocarbon-
substituted phenol dispersants useful in the present
invention are hydrocarbon-substituted amino phenols
such as represented by formula XII wherein the optional
substituent is one or more amino groups. These amino
phenols can conveniently be prepared by nitrating an
appropriate hydroxy aromatic compound as described
above and thereafter reducing the nitro groups to amino
groups. Typically, the useful amino phenols are formed
by nitration and reduction of alkyl phenols having an
alkyl or alkenyl group of at least 30 and preferably at
least 50 carbon atoms. The preparation of a large
number of hydrocarbon-substituted amino phenols useful
as dispersants in the present invention is described in
U.S. Patent No. 4,320,021.

Also useful as dispersants in the fuel compositions
of the present invention are fuel-soluble alkoxylated
derivatives of alcohols, phenols and amines. A wide
variety of such derivatives can be utilised as long as
the derivatives are fuel-soluble. More preferably, the
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of the Royal Dutch/Shell G oup. Polyglycol PE6100 - an ethyl ene
oxi de/ propyl ene oxi de/ et hyl ene oxi de bl ock copol yner of nunber average

nol ecul ar wei ght (WMh) 2000 (method of WMh- dete m.nation unkno . Thi
mat eri al corresponds to "PLURONI C' - upstititte ?O?é*reﬁ)‘ &%%&%6
avail abl e from Wandotte Chem cal Cbnpaﬁy PonegcoI PE8100 - an et hyl ene

OXIde/prOpY'&BQlQ&h@%égtﬁh|%Hﬁl@&bﬁetg|%@Kn@o&%éﬂm%blﬁEl%U@ﬁﬁﬁﬂQYQkﬁge
nmol ecul ar WEI iubge (et hod determ nation unknown). Thi
Y

material corV¥ §55n&§sp ROﬁFéor lpg&y kR PEEFEIESAy of avallable from
Wandott e Chebodimeatpamnhe fuel-soluble alkoxylated derivatives

useful as the dispersants are characterised as having
an HLB of from 1 to 13,

As is well known to those skilled in the art, the
fuel-solubility and water-insolubility characteristics
of the alkoxylated derivatives can be controlled by
selection of the alcohol, phenol or amine, selection of
the particular alkoxy reactant, and by selection of the
amount of alkoxy reactant which is reacted with the
alcohol, phenol or amine. Accordingly, the alcohols
which are utilised to prepare the alkoxylated
derivatives are hydrocarbon-based alcohols while the
amines are hydrocarbyl-substituted amines as described
above. The phenols may be phenols or hydrocarbon-
substituted phenols and the hydrocarbon substituent may
contain as few as 1 carbon atom.

The alkoxylated derivatives are obtained by
reacting the alcohol, phenol or amine with an epoxide
or a mixture of an epoxide and water. For example, the
derivative may be prepared by the reaction of the
alcohol, phenol or amine with an equal molar amount or
an excess of ethylene oxide. Other epoxides which can
be reacted with the alcohol, phenol or amine include,
for example, propylene oxide, styrene oxide, 1,2-
butylene oxide, 2,3~-butylene oxide, epichlorohydrin,
cyclohexene oxide and 1,2-octylene oxide. Preferably,
the epoxides are the alkylene oxides in which the
alkylene group has from 2 to 8 carbon atoms. As
mentioned above, it is desirable and preferred that the
amount of alkylene oxide reacted with the alcohol,
phenol or amine be insufficient to render the
derivative water-soluble.

The following are examples of commercially
available alkylene oxide derivatives which may be
utilised as dispersants in the fuel compositions of the
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-" 39 - Exanple 1 Preparation of ester of Pol ygl ycol | and "VERSATIC' 10
(trade mark) acid (a conmpound of formula | in mhlgh Rl is C[err]-Cge;r]
alkyl, Ais -O, X is a polyoxypropylene chain and R2 is a group o ormul a
IIIyi n which a + b + ¢ = 8) To a sol ution_of Sthstifde shilegt ol19 AUgLSY,199821M)
in toluene (150n ) in a round-bottomed 33hecked flask was added anhydrous
pot assi um carpeseet (Bdvegtion 25Mithehbenes/ by, t erashdyChhmhide derivative

" J ' . stirring at anbi ent
Cerperature (S0t H4E) SxRE “ToBlkAaat onToeaudeth 4% Buerhekmadyirror, o
t her nonet er dfRLEY camtieesefHbBd 4 nh®r shrmak Imdustrbesh; Ind mi xture was
refluxed at eherPrIAtALLs Of aR DG e ieP1atdPOs L1 E OLndPn "RV LS Ro] e

available from BASF Wyandotte Industries (HLB 5.0).
Other suitable fuel-soluble alkoxylated derivatives of
alcohols, phenols and amines will be readily apparent
to those skilled in the art.

In a particularly preferred embodiment, further to
the compound of formula I, the fuel composition of the
invention may additionally contain, as ashless
dispersant, a minor amount of a polyolefin-substituted
succinimide derivative wherein the polyolefin has
number average molecular weight (Mp) in the range 800
to 5000, preferably 1000 to 5000, more preferably at
least 1750, 1800 or 1850 and at most 4000, 3500, 3000
or 2500. The amine from which the succinimide is
formed is preferably a Ci-3(p amine, especially a C4-12
amine containing 3 to 7 nitrogen atoms, e.q. diethylene
triamine, triethylene tetramine, tetramethylene
pentamine, pentaethylene hexamine, hexaethylene
heptamine, tripropylene tetramine and mixtures of any 2
or more thereof. -

Preferably the hydrocarbon-soluble ashless
dispersant is present in an amount in the range 30 to
500 ppmw, more preferably 100 to 300 ppmw, based on
total composition.

The fuel composition may additionally include (e.g.
as an alternative to inclusion of succinimide
derivative) an o0il soluble polyamine as described in
EP-A-290 088 or an N-substituted carbamate as described
in EP-A-414 963, in each case in similar quantities to
those described therein.

The fuel composition may further include, as flame-
speed improver, an alkali metal or alkaline earth metal
salt of a su¢cinic acid derivative as described in EP-
A-290 088, in similar quantities to those described
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crude reaction mxture was then allowed to cool to anbient tenperature and
fsil tered through a sintered glass funnel. The excess solvent was then
renoved in vacuo. The crude product was then stirred with sodi um carbonate
(50g, 0.3M and water (5m) for 8 hours. Th&ubstkituteesshass -t hHeAugustt1@PE6y t h
tol uene (150m ) and filtered. The resutt¥nt solution was dried over

anhydr ous sognaResy phate (50g), filtered and the solution concentrated in

vacuo to afford the re U|red oduct (3159, 95% yleld) | e 2 to 19 By
processes anal ogf®&%ito 8§§n6"§ leér?a stcl"'r'é-bﬁ(ﬂ féﬂ‘g’})
car boxylic afhéldﬁdmpais:.\t&%nnmagd allrsoTaidrﬂ:ahwwtﬂxerxe&QidietmfesH epar e

[orner SO gl SRSt 3k PRER LS e et Baample
whi ch R er r] addiCjioer, ]| afidcackozilinglyAthe fuel compos1tlon
according to the invention includes both leaded and
unleaded gasoline. The fuel composition can also
contain antioxidants such as phenolics, e.g. 2,6-di-
tert-butyl-phencl, or phenylenediamines, e.g. N,N'-di-
sec-butyl-p-phenylene-diamine, or antiknock additives
other than lead compounds, or polyether amino
additives, e.g. as described in U.S. Patent No.
4,477,261 and EP-A-151 621.

In the fuel composition according to the 1nventlon,
the fuel used is preferably gasoline, i.e. a
hydrocarbon base fuel boiling essentially in the
gasoline boiling range from 30 to 230°C. Such a base
fuel may comprise mixtures of saturated, olefinic and
aromatic hydrocarbons. It can be derived from
straight-run gasoline, synthetically produced aromatic
hydrocarbon mixtures, thermally or catalytically
cracked hydrocarbon feedstocks, hydrocracked petroleum
fractions or catalytically reformed hydrocarbons. The
octane number of the base fuel is not critical and will
generally be above 65. In the gasoline, hydrocarbons
can be replaced up to substantial amounts by alcohols,
ethers, ketones, or esters. Naturally, the base fuel
is desirably substantially free of water, since water
may impede a smooth combustion.

This invention is illustrated by the following
examples, in which the number average molecular weights
(Mp) quoted were, unless otherwise indicated,
determined by gel permeation chromatography (GPC)
against polystyrene and polypropylene glycol standards.

The following terms used in the Examples are
explained below.

Polyglycol I - a Cy2 - C15 linear alcohol initiated
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ts -O, X is a polyoxypropylene chain and Rerr] is a group

=(CH err])[err]C(O-Y-A -Rerr] where Rerr], A and Y have the sane
definitions respectively as R, A and X) To a mxture of the Polyglycol I
(300g, 0.2M and - 40 - Adipic acid (15. Sgbsttutgshests }%M%gtk&%d
3-necked flask fitted with a Dean and St&fk trap was added, with stirring,

under nit rOgeﬁboéﬂﬁﬁé%)’:i@nﬁ%m@ﬁélﬁﬁé@-of%&ﬁﬂé:sa§8998%0maiééuﬁ%é97

0.05M . The resyl nlxiurs was stirred under nitrogen for 16 hours at
130[err] C, B&IFREpEmY £38Ped to anbient tenperature (20[err]C), washed
with 1M aqueous [®dbgglysphyII oxidecsplutCcpy I Bn&ar0dDEphotashed with

) i Y
L aaeous, SELLLE LLBNO! Sna L1 A8 oo AOREL) o ChuBBeR e 2ULCT 00
molecular weight (Mp) 1500;

Polyglycol III - a butanol initiated 85 wt%
propylene oxide/15 wt% ethylene oxide random copolymer
of number average molecular weight (Mp) 2000;

Polyglycol IV - a butanol initiated 85 wt%
propylene oxide/15 wt% ethylene oxide random copolymer
of number average molecular weight (Mp) 2500;

Polyglycol V - a polyethylene glycol initiated 50
wt$ propylene oxide/50 wt$ ethylene oxide partially
random/partially block copolymer of number average
molecular weight (Mp) 2000;

Polyglycol VI - a C33 - C15 linear alcohol
initiated propylene oxide homopolymer of number average
molecular weight (Mp) 500.

"VERSATIC" 5 (trade mark) acid (2,2-
dimethylpropanoic acid) which is commercially available
from member companies of the Royal Dutch/Shell Group.

"VERSATIC" 10 (trade mark) acid - a mixture of
branched carboxylic acids of general formula

R4
RS-E-COZH (III')
R6
where R4 represents a group of formula CyHpz- ; RS

represents a group of formula CpHop+1— 7 R6 represents
a group of general formula CcHpc+1-7 and a + b + ¢ = 8,
which is commercially available from member companies
of the Royal Dutch/Shell Group.

Polyglycol PE6100 - an ethylene oxide/propylene
oxide/ethylene oxide block copolymer of number average
molecular weight (Mp) 2000 (method of M,-determination
unknown}. This material corresponds to "PLURONIC"
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reduced pressure. The crude product was then stirred with sodi um carbonate
(50g, 0.3M and water (5m ) for 8 hours. The m xture was then diluted with

toluene (150m ) and filtered. The resultant solution was dried over
anhydrous sodi um sul phate (50g), filtered anMRsitutnsheetbn18ofhugust 24086 in
vacuo to afford the required product (248%,- 80%yield). Exanple 21

P (] : TLC k) acid
Conpound of T ARaE mAERT TPEIRY 01 y01 M0eg IRTE (rom SyphlBtege O 0 .12
is a pol yoxyggRdenk Companynd Rerr] is t-butyl) To a mixture of the

Pol ygl ycol 11 (154, 1 Bk 106 | Ji 8 & ne %g med fl ask
was added the agn rl{%leﬁé(;%ri vat i ve of "VERSATI C? c%ki;c%é ade ?%‘Qaci d

(46.5g, 0.25@X196(LTh¥lpne Rrif& RIeChaCoPRIYRSE P AuUMdeR AVErages or e
bei ng cool ed rod eatdill e twd RITIET ALY €2 6 PO UMt hddt o H,Lrdd ¥opht ha8Den

extract ed unknown). This material corresponds to "PLURONIC"
(trade mark) PL-81 polyol available from Wyandotte
Chemical Company.
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into 60-80 petroleumspirit (3 x 200m ). The organi c phase was washed wth
water (3 x 200m ), dried over anhydrous sodium sul phate (Na[err]SJerr]),

filtered and evaporated under reduced pressure. The crude product was then
stirred with sodi um carbonate (50g, 0.3M andubgtittie sbaey - {18 Aggustud 996The
ntxture was then diluted with toluene (-189m ) and filtered. The resultant

sol ution masé%ﬁﬁﬁg%gégr anhydr ous sodi um sul phate (50g), filtered and the
sol ution con i n vacuo - 41 - to afford the required product

(1199, 75% yiRreparakinp ef2esteEpaf sPebwabyced: &rapd PYERSATIE" WO and
" VERSATI C' 10(tidddemapkk) aasdd (4acempoanadodf§ ehomitharl ihnwhlichhr®l err] is

Qerr]-Qerr ]isaléfé-’-cf‘si g.li}%.’, K :l..g §OE?| *ngngogxigggypropylene
chain and R2 is a group of formula III in which a + b +
c = 8)
To a solution of the Polyglycol I (300g, 0.21M) in ;
toluene (150ml} in a round-bottomed 3-necked flask was
added anhydrous potassium carbonate (34.5g, 0.25M)
followed by the acid chloride derivative of "VERSATIC"
10 (trade mark) acid (47.6g, 0.25M) with stirring at
ambient temperature (20°C). The flask was fitted with
an overhead stirrer, a thermometer and a condenser and
immersed in an oil bath. The mixture was refluxed at a
temperature of about 120 - 130°C for 16 hours. The
crude reaction mixture was then allowed to cool to
ambient temperature and filtered through a sintered
glass funnel. The excess solvent was then removed in
vacuo. The crude product was then stirred with sodium
carbonate (50g, 0.3M) and water (5ml) for 8 hours. The
mixture was then diluted with toluene (150ml) and
filtered. The resultant solution was dried over
anhydrous sodium sulphate (50g), filtered and the
solution concentrated in vacuo to afford the required
product (315g, 95% yield).
Example 2 to 19
By processes analogous to the process of Example 1,
the polyglycols and carboxylic acid derivatives noted
in Table 1 were reacted to prepare further compounds of
general formula I according to the invention.
Example 20
Preparation of Adipate ester of Polyglycol I (a
compound of formula I in which Rl is C12-C15 alkyl, A
is -0-, X is a polyoxypropylene chain and R2 is a group
-(CH3p) 4C(0) -Y-A'-R7 where R7, A' and Y have the same
definitions respectively as R', A and X)
To a mixture of the Polyglycol I (300g, 0.2M) and




thain and Rlerr] is a group of fornmula IIl in which a +b +c =8) To a
sol ution of the Polyglycol VI (150g, 0.25M in toluene (150mM) in a

round- bottoned 3-necked flask was added triethylam ne (35.4g, 0.35
fol l owed by the acid chloride derivative of Subgitite heetg ké’ﬁé@é’%ﬁrﬂ%ﬁ aci d

(‘66.7g, 0.35M with stirring at anbi ent 4%nperature. The flask was fitted
ol | bat . T o ) T o oM R ineal Ty g 0 an
?30[ err]C fo%l?sﬁo%.t\g%hé’ighu@e Dean: @ '%Ft]%rte‘%é’ac%é’raj‘%q‘%'ov%idzq o cool
at anbi ent t stieirding, e undathed twiclgenjatterluehex QAEDMY), atid gshxarer anhydrous
Fedused_ pr bodaiueiih SpHORSE id (S U T e ER BN Carbonat e
(50g, 0.3M mddturecwasssitirred sndesr aitHogen fiowr 4 hvdoudseratdilif®ed with
toluene (150g) na¥dclel be8n§dcobl®@d to ambient temperature (20°C),

washed with 1M aqueous potassium hydroxide solution (3

X 200ml), washed with 10%w/v aqueous sodium sulphate

solution (5 x 200ml), dried over anhydrous sodium

sulphate (NajSO4), filtered and evaporated under

reduced pressure. The crude product was then stirred

with sodium carbonate {50g, 0.3M) and water (5ml) for 8

hours. The mixture was then diluted with toluene

(150ml) and filtered. The resultant solution was dried

over anhydrous sodium sulphate (50g), filtered and the

solution concentrated in vacuo to afford the required

product (248g, 80% yield).

Example 21

Preparation of ester of Polyglycol II and "VERSATIC" 5

(trade mark) acid (a compound of formula I in which R}

is Cy14-Cis alkyl, A is -0-, X is a polyoxypropylene

chain and R2 is t-butyl)

To a mixture of the Polyglycol II (150g, 0.1M) and

pyridine (150ml}) in a round bottomed flask was added

the anhydride derivative of "VERSATIC" S5 {trade mark)

acid (46.5g, 0.25M). The resulting mixture was refluxed

for 14 hours, before being cooled to ambient

temperature, poured into water (400ml} and extracted

into 60-80 petroleum spirit (3 x 200ml). The organic

phase was washed with water (3 x 200ml), dried over

anhydrous sodium sulphate (Naj3SO4), filtered and

evaporated under reduced pressure. The crude product

was then stirred with sodium carbonate (50g, 0.3M) and

water (5ml) for 8 hours. The mixture was then diluted

with toluene (150ml) and filtered. The resultant

solution was dried over anhydrous sodium sulphate

{50g), filtered and the solution concentrated in wvacuo
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resul tant solution was dried over anhydrous sodi um sul phate (50g), filtered
and the solution concentrated in vacuo to afford the required product

(1509, 80% yield). Conparative Exanples Cl to C4 By processes anal ogous to
the process of Exanple 1, the polyglycols arﬁyt&i%&wq’@ ‘a&?&%?#%gggées

moted in Table 2 were reacted to prepared4dther substituted pol yoxyal kyl ene

Compar at 1 ve. Sner Lob3 Ppt £8qp ed (WRGUAER 30108 TR ¢ ) yglycol
PE 6100 To a Examplen23f the Pol ygl ycol PE6100 (300g,
Preparation of ester of Polyglycol VI and "VERSATIC" 10
(trade mark) acid (a compound of formula I in which Rl
is C32-C3is alkyl, A is -O-, X is a polyoxypropylene
chain and R? is a group of formula III in which a + b +
c = 8)

To a solution of the Polyglycol VI (150g, 0.25M) in
toluene (150ml) in a round-bottomed 3-necked flask was
added triethylamine (35.4g, 0.35M}) followed by the acid
chloride derivative of "VERSATIC" 10 (trade mark) acid
(66.7g, 0.35M) with stirring at ambient temperature.
The flask was fitted with an overhead stirrer, a
thermometer and a condenser and immersed in an oil
bath. The mixture was refluxed at a temperature of
about 120 - 130°C for 7 hours. The crude reaction
mixture was then allowed to cool at ambient
temperature, washed with water (3 x 200ml), dried over
anhydrous sodium sulphate (Naj3SO4), filtered and the
solvent evaporated under reduced pressure. The crude
product was then stirred with sodium carbonate (50g,
0.3M) and water (5ml) for 8 hours. The mixture was
then diluted with toluene (150ml} and filtered. The
resultant solution was dried over anhydrous sodium
sulphate (50q), filtered and the solution concentrated
in vacuo to afford the required product (150g, 80%
yield).

Comparative Exagges Cl to C4

By processes analogous to the process of Example 1,
the polyglycols and carboxylic acid derivatives noted
in Table 2 were reacted to prepare other substituted
polyoxyalkylene compounds for comparison with the
compounds of the invention.

REPLACEMENT SHEET

1

2 0 AUG 1996




0.15M in toluene (200m ) in a round-bottoned 3-necked flask was added

par a-tol uene sul phonic acid (0.6g) and Aeic acid (120g, 3 equiv) wth
stirring under nitrogen. The flask was fitt wi.th an over d stirr and
a Dean and Stark trap. The m xture was heatgﬂbﬁﬂ‘#@ﬁ? tat Ughist ! e of
119[err]C for 8 hours. The tol uene was~r¥ndved by heating the flask
contents to @MI{;@WQ @[cgr] C and passing a stream of nitrogen

t her et hr ough7at 0 ratlve | e C6 Preparat|on
of bis - of cFEeRRTAtIoR. Py bR, GLALS 200RL LR 25 HUMHYAL Fol ygl yool
PE100 (300g, PR6108V) in tol uene (400 m) in a round bot t oned 3 necked fl ask

s added par ! AU IULARATLE S0 A0NcRIdpeith, AR C7o, 3 eau )

and a Dean aﬁdlsﬂarknttaéuenne(ﬂﬁ%@dﬁeIWaa rounddbos toaedué-aecked
flask was added para-toluene sulphonic acid (0.6g) and
Oleic .acid (120g, 3 equiv) with stirring under
nitrogen. The flask was fitted with an overhead
stirrer and a Dean and Stark trap. The mixture was
heated to reflux at a temperature of 119°C for 8 hours.
The toluene was removed by heating the flask contents
to a temperature of 150°C and passing a stream of
nitrogen therethrough at a rate of 1,500cc/min.
Comparative Example C6
Preparation of bis - oleic acid ester of Polyglycol
PE8100
To a solution of Polyglycol PE8100 (300g, 0.108M) in
toluene (400 ml) in a round-bottomed 3-necked flask was
added para-toluene sulphonic acid {0.3g) and Oleic acid
(87g, 3 equiv) with stirring under nitrogen. The flask
was fitted with an overhead stirrer and a Dean and
Stark trap. The mixture was heated to reflux at a
temperature of 118°C for 7 hours. The toluene was
removed by heating the flask contents to a temperature
of 150°C and passing a stream of nitrogen therethrough
at a rate of 1,500cc/min.
Assessment of Polyoxyalkylene compounds

The following assessments of the compounds of
Examples 1 to 22 and Comparative Examples Cl to C6 were
undertaken. Results are provided in Tables 3, 4 and 5.
(i} Total Acid Number (TAN)

The TAN of a material is the quantity of base,
expressed in milligrams of potassium hydroxide (mg
KOH), that is required to neutralise all acidic
constituents present in 1 gram of the material. The
TAN is obtained by standard test method ASTM D664-81.
(ii) Kinematic wviscosity at 40°C and at 100°C was
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tenperature of 118[err]C for 7 hours. The toluene was renoved by heating
tshe flask contents to a tenperature of 150[err]C and passing a stream of

nitrogen therethrough at a rate of 1,500cc/ gn.  Assessnent_ of

Pol yoxyal kyl ene conpounds The fol | owi ng assgé’?ﬁgmf? %?ee[ fie! @&Md@%ﬁ
Exanples 1 to 22 and Conparative Exanpfeﬁ’tﬂ to C6 were undertaken. Results
are provi ded detebtirtid Jccbrtihe td idtaiiartd Acdsk Mwtradd (A JigsTAN of a

e ARy Yl e P Yiteod A iy . SR 91 Rst v
present in 1sgamdadfd ttestmatethioad ASTe DREVO-8@&bt ai ned by standard test
TeLnod ATV 334481 gddidage SEARITAYY TUsI Bl o] C and a

Standard lubricant additive packages contain inter
alia, one or more metal detergents. The packages fall
into two categories: single metal (e.g. calcium only)
formulations and mixed metal (e.g. calcium and
magnesium formulations. Ideally, any potential rust
inhibitor should be capable of working in both single
metal and mixed metal formulations.

Procedure

Test samples were prepared by incorporating each of
the compounds of Examples 1 to 16, 18 to 22 and
Comparative Examples Cl to C5 into one or both of two
commercially available lubricant additive packages
containing metal detergents, at a concentration of
3wt%. One of the additive packages was of the single
metal type (calcium only), whilst the other was of the
mixed metal type (calcium and magnesium). The test
samples were stored at 60°C for up to three months and
the relative stability of the samples measured.

Tables 3 and 4 list the results in terms of either
deposit (D) or haze (H) of the samples. The terms "TD"
and "VSH" used in the Tables mean "trace deposit" and
"very slight haze". The Tables also note the "storage
time” after which measurements were taken.

(v) Neutralisation Rate Test Background

U.S. Patent No. 3,933,662 (Chevron} describes a
method for ranking candidate rust fix additives by
means of a neutralisation rate test which it su¢gests
can be correlated to results from rust engine tests,
e.g. Sequence IIB engine test. The method involves
neutralisation of an acidic aqueous phase with a basic
oil phase and monitoring the progress of neutralisation
using a pH meter.
Procedure




= 43 - determned according to standard test nmethod ASTM D445. (iii)
Vi scosity Index was cal cul ated according to standard test nethod ASTM

D2270-86. (ivV) Package Stability Test Backgrqund Stand | ubri ¢
additi ve packages contain inter alia, one o%“%ﬁ?‘@tﬁeﬁ ng’{éﬁj@h\%ﬂ%
packages fall into two categories: singl# metal (e.g. cal ciumonly)
fornul ations and REEHLFBERE démpburkdd Co £ Raip [ NESt ¢ 3 OxRY| at i ons.

deal |y, i al i nhi bi houl d be, bl f i in both
Singl e et 2] CARPHASATHamp R h Forcs. Pockis EPTEatedabtes were
prepared by isemples af ntheapio afubticawtpoddiisivé fxekapies 1 to 16, 18 to
22 and Compargid Ve BRIl &%, Glod AP BAL O AILPOLY Ofpdito gongercial ly
nt addi 3 I nl hg e e

avai |l abl e |l ubrica I vé ‘packages con et génts, at a
concentr ati orfagfcentration of 3wt%. The resulting concentrates were

then blended at a concentration of 10wt$ with a base
oil being a mixture of "HVI" 60 (trade mark) base oil
(a bright and clear high viscosity index base o0il
having kinematic viscosity at 100°C of 4.4 to 4.9 mm2/s
(RSTM D445) and minimum flash point of 204°C (ASTM D92))
and "HVI" 115 (trade mark) base o0il (a bright and clear
high viscosity index base o0il having kinematic
viscosity at 100°C of 8.2 to 9.2 mm2/s (ASTM D445) and
minimum flash point of 232°C (ASTM D92)), the weight
ratio of "HVI" 60 (trade mark) base oil to "HVI" 115
base o0il in the mixture being 5:1. The resulting oils
were then tested as follows.

A 250ml 3-necked round-bottomed flask was fitted
with a combined pH electrode and an overhead stirrer.
The flask was immersed to a set level in a constant
temperature oil bath at 50°C. Hydrochloric acid
(0.01M; 30ml) was charged to the flask and allowed to
reach constant temperature (30 minutes). The test oil
{(20ml) was then introduced to the flask using a syringe
and the pH measured after ten minutes.

Tables 3 and 4 list the pH values obtained.

It will be seen from Tables 3 and 4 that, whereas
the neutralisation rate test results indicate that the
compounds of Examples 1 to 22 {compounds of formula I
according to the invention) would possess comparable
rust fix properties to the compounds of Comparative
Examples Cl to C6, the package stability test results
clearly show that the additive concentrates (packages)
of the invention containing the compounds of formula I
had good storage stability, whilst those containing the
comparative compounds were insufficiently stable.

(vi) Sequence IID Engine Test-Proceduragg§23€£%§%ﬂfggﬁﬁf
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3w % One of the additive packages was of the single netal type (calcium

qnly), whilst the other was of the m xed netal type (cal cium and

magnesi um . The test sanples were stored at 60[err] C for u10 to three nt hs
sy 1@%?

and the relative stability of the sanpl es noXSatiBHe shestess!S Augys t he
results in terms of either deposit (D)~d haze (H of the sanples. The

tFF m;t ! ID' f'indT'r']XS!?'étﬂi%@ oifn otib.%t E&?Eﬁ%e@f% 'Hés%‘iﬁ.t_ Hé@" ??déév\haﬂ.& “very

slig aze e s al.so _no e "storage ti1ne" after i C

measur ement s tHEr 8eﬂ-§l¥éﬁ-}5@\?§°ﬂe&a§§| itesh &9 IRgsthg, . s.

Pat ent No. 3p¥3ExafiplEesShdyr dp) 7dandr ildewex artdelsidd dn rthekiSegnmsarek dat e
rust fix additiwv | i,.sati . j;ch. i te suggests
can be correlllgpeg:%téé%reg?}l%%s%%r %n‘ﬁg‘(ri&égt%er%{éne eﬂ';t%é‘(§< éﬁgﬁ’ e J'u‘%ncotef 1B

engi ne test. thrsersompoundsol vés Gadsr dleisat iaoif igurgn ofcildiSc cayjueous phase

W th a basiCaBblrePRapedadt®Pl pbassNy The ReRWIRSS oBtalipidd Adesation

shown in Table 5 below.
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osing a pH neter. Procedure - 44 - Each of the conpounds of Exanples 1
tto 22 and Conparative Exanples ClL to C6 was incorporated into sanples of
the two | ubricant additive packages describ above fior .t Pac

Stability Test, at a concentration of %ﬁn%g?‘ﬁégﬁggﬁrﬁeﬁghg%ﬁg@{%?a 96 er e
then bl ended at a concentration of |OM% w th a base oil being a m xture of
"HVI" 60 (trade mark) base oil (a bright and clear high viscosity index

base o0il having Kigeese E-Grniiapim Gy i Pl Bueiiiiesy ( ASTM
D445) and mi ni numff | Bsh}po| nt} of 404ferf] ¢ ( anfl "HVI" 119 (trade
mar k) base oil (ajbrgghy apd |cl par] highi vilsc bgase oijl hav ng
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viscosity at 100[err]C of 8.2 to 9.2 mmferr]/s (ASTM D445) and m ni num
flash point of 232[err]C (ASTM D92)), the weight ratio of "HVI" 60 (trade
mar k) base oil to "HVI" 115 base oil in the m xture being 5:1. The
resulting oils were then tested as fol |4hs. Bubsiimte sheetkd® Avgust 18&Comed

ffask was fitted with a conbined pH el ectrode and an overhead stirrer. The
flask was inmmersed to a set level in a constant tenperature oil bath at

50[err]C. Hydrochl Opletaatiedel QLM 201 ) was charged to the flask and
al lowed to reach congt gat Jt egpef atfure¢ (BO m nutes). The test oil (20m) was
then introduced to tperl gsk|usj nd ajsyfi nge and the pH neasured after ten
m nutes. Tables 3 aanﬁilist the gH valpes obtained. It will be seen from
Tables 3 and 4 that, rdas|the reufral isation rate test results indicate
t hat the conpounds omlggpl ¢s tlo 2 { conpounds of formula |I according to
the invention) wouldﬁcmgsss conpar apl €
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rust fix properties to the conpounds of Conparative Exanples Clerr] to
CFerr], the package stability test results clearly show that the additive
concentrates (packages) of the invention contajning the conpounds of
formula | had good storage stability, W | stSubgiititesheat nil®August 1996
conpar ati ve conmpounds were insufficiently stable. (vi) Sequence 1D
Engi ne Test Procedure -45 - A series of oils prepared as described above
for the neutrali Lonjrage It Ulldﬂning t he conpounds of Exanples 1, 4,
7 and 14 were te i the Sequehcqd | D Engi ne Test to evaluate the rust
fix properties of cprmpounds} Ifn ghis test, a figure of 8.5 or above
represents a pass regulits obtaine? are shown in Table 5 bel ow.

- @D

RATIO OF MOLES OF
TO POLYGLYCOL) ® v

REACTANTS (ACID DERI

TABLE 2
"VERSATIC" 10 [ (R4) (RS) (R6)cCCoOC1]
"VERSATIC" 10 [ (R4) (R5) (R6)cCOCL]

(CH3) 3C€COC1

CARBOXYLIC ACID DERIVATIVE
(CH3) 3CCOCL

CH3 (CH2) 7CH=CH (CH,) 7CO,H
CH3 (CHp) 7CH=CH (CHp) 7CO,H

POLYGLYCOL

TYPE
PE6100
PE8100

EXAMPLE
NO

Cl
c2
Cc3
Cc4
C

(o)
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53 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE AS FOLLOAS: 1. A pol yoxyal kyl ene
conpound of general fornula [err] wherein Rerr] represents a (Jerr] to
Cerr] alkyl group; 5 R2 represents an optionally substitute kyl
having at |east 4 carbon atons, al kenyB! al @Hﬁ?lt',tm&r%‘?etari}gﬁwsﬁ 1dg§‘é
cycl oal kyl, al kylaryl, heterocyclyl, al koxy, aryloxy, alkylam no,

di al kyl am no or arylam no group; A represents an oxygen atom(-O) or a
group -NH; 10 and X represents a pol yoxypropyl ene chain or a random
copol ymer of ethyl ene oxi de/ propyl ene oxi de which conprise 0 to 30%w of

et hyl ene oxi de, ar,d_a,n_qx_;‘qpn atomof _agroup X is bonded directly to the
R err] CO- noiety.
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A compound as claimed in Claim1l, wherein R err] represents an
havi ng at | east 4 carbon atons, phenyl or

benzyl group. 3. A conpound as clainmed in ané Breceding claim wherein the
nynber average nol ecul ar wei ght of grouP2x 28ubshitite shegt - 1£hfeigesd 1996

3500. 4. A conpound as clained in any preceding claim wherein the total
acid nunber (TAN) of said conpound of general formula | is less than 5. 5.
A process for the preparation of a conpound of 25 general formula I, the
process conprising reacting a conpound of general formula R err]-A-X-COH

V wherein R err], A and X are as defined in any preceding claim

15 2.
optionally substituted al kyl
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54 with a conpound of general formula [err] wherein Rerr] is as defined in
any preceding claim and L[err] is a leaving group. 6. A lubricating oi

conposition conprising a nmgjor 5 anount of a lubricating ojl, and a or
amount of a conpound of general formula I aéllﬁsé'itﬁ‘ﬁ?dg??fetdnib(ﬁu%’*séi }ég’é! to
4 7. A fuel conposition conprising a majsér-anount of a fuel and a m nor
anount of a conpound of general fornmula 10 I as clained in any(g §H jms 1
to 4. 8. Use of a conpound of general forrmula | as clainmed in

claims 1 to 4 as a rust inhibitor. 9. A lubricating oil concentrate
conprising a diluent and a conpound @flgepkMISfornula | according to any
of 15 clains 1 to 4 in an anount of 1 to 80wt % based on the total

trate.
CONCEMTALe 1. A polyoxyalkylene compound of general formula

X
Rl-a-x-C-R2 I

wherein

Rl represents a hydrogen atom or an optionally
substituted alkyl, alkenyl, alkynyl, aryl, arylalkyl,
cycloalkyl, alkylaryl or heterocyclyl group:;

R2 represents an optionally substituted alkyl,
alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
alkylaryl, heterocyclyl, alkoxy, aryloxy, alkylamino,
dialkylamino or arylamino group;

A represents an oxygen atom (-0O-) or a group ~NH-;
and

X represents a polyoxypropylene chain or a random
copolymer of ethylene oxide/propylene oxide, and an
oxygen atom of group X is bonded directly to the R2CO-
moiety.

2. A compound as claimed in Claim 1, wherein Rl
represents a C4 to Cig alkyl group.

3. A compound as claimed in Claim 1 or Claim 2,
wherein R2 represents an optionally substituted alkyl,
phenyl or benzyl group.

4. A compound as claimed in any preceding Claim,
wherein the number average molecular weight of group X
is in the range 300 to 3500.

5. A compound as claimed in any preceding Claim,
wherein the total acid number (TAN) of said compound
of general formula I is less than 5.

6. A process for the preparation of a compound of
general formula I, the process comprising reacting a
compound of general formula

R1-A-x-0OH v

e REPLACEMENT SHEET
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0. A nethod of operating an internal conbustion engine to inhibit rust
formation, the nmethod conprising lubricating said engine with a lubricating
3i| 20 conposition according to claim 6. Substitute sheet - 19 August 1996
- - 54 -

wherein Rl, A and X are as defined in any preceding

Claim,
with a compound of general formula

9
R2-C-L1 VI

wherein R2 is as defined in any preceding Claim,
and L1 is a leaving group.
7. A lubricating oil composition comprising a major
amount of a lubricating o0il and a minor amount of a
compound of general formula I as claimed in any of
Claims 1 to S.
8. A fuel composition comprising a major amount of a
fuel and a minor amount of a compound of general
formula I as claimed in any of Claims 1 to 5.
9. Use of a compound of general formula I as claimed
in any of Claims 1 to 5 as a rust inhibitor.
10. A lubricating oil concentrate comprising a diluent
and a compound of general formula I according to any of
Claims 1 to 5 in an amount of 1 to 80wt% based on the
total concentrate.
11. A method of operating an internal combustion engine
to inhibit rust formation, the method comprising
lubricating said engine with a lubricating oil
conmposition according to Claim 7.
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ABSTRACT

SUBSTITUTED POLYOXYALKYLENE COMPQUNDS

The invention provides a polyoxyalkylene compound

of general formula

o
. ¥
R1-A-x-C-R2 I

wherein

Rl represents a hydrogen atom or an optionally
substituted alkyl, alkenyl, alkynyl, aryl, arylalkyl,
cycloalkyl, alkylaryl or h?terocyqul group;

R2 represents an optionally substituted alkyl,
alkenyl, alkynyl, aryl, arylalkyl, cycloalkyl,
alkylaryl, heterocyclyl, alkoxy, aryloxy, alkylamino,
dialkylamino or arylamino group;

A represents an oxygen atom (-0~} or a group -NH-;
and

X represents a polyoxypropylene chain or a random
copolymer of ethylene oxide/propylene oxide, and an
‘oxygen atom of group X is bonded directly to the R2CO-

moiety. _

The invention further provides a process for the
preparation of the compound, a lubricating oil
composition and a fuel composition which each include
the compound, a lubricating oil concentrate, the use of
the compound as a rust inhibitor and a method of
operating an internal combustion engine.
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wherein

Rl represents a Cq to Cjg alkyl group:

R2 represents an optionally substituted alkyl having
at least 4 carbon atoms, alkenyl, alkynyl, aryl,
arylalkyl, cycleoalkyl, alkylaryl, heterocyclyl, alkoxy,
aryloxy, alkylamino, dialkylamino or arylamino group;

A represents an oxygen atom {(-0-] or a group -NH-;
and

X represents a polyoxypropylene chain or a randem
copolymer of ethylene oxide/propylene oxide which
comprise 0 to 30%wt of ethylene oxide, and an oxygen
atom of group X is bonded directly to the R2CO- moiety.

It has been found unexpectedly that the
polyoxyalkylene compounds of general formula I are
advantageous rust inhibitors in lubricating oil
compositions in comparison to other polyoxyalkylene
rust inhibitors which include, for example, 2 block
copolymeric polyoxyalkylene chain prepared using a
Pluronic (Trade Mark) polyol. 1In particular,
polyoxyalkylene compounds of general formula I may
exhibit improved package stability and/or have low acid
values, whilst still having satisfactory rust
inhibition properties.

Generally, when any moieties described herein
comptise an alkyl, alkenyl or alkynyl group, the group
may be linear or branched and preferably contains 1 to
50, more preferably 1 to 25 and, still more preferably,

2 to 20 carbon atoms. When any moieties described

herein comprise an aryl group, the group may be an
optionally substituted phenyl ¢roup. When any of the
moieties comprises an arylalkyl group, the group may be’
an optionally substituted benzyl group. Preferably,
phez}yl or benzyl groups are unsubstituted or
substituted by an alkyl group. When any moieties
described herein comprise a cycloalkyl group, the group
may cont_ain from 3 to 8, preferaby 3 to 6, carbon
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atoms, e.g. a cyclopentyl or cyclohexyl group. When
any of the moieties comprises a heterocyclyl group, the
group may be any saturated or unsaturated ring system,
e.g. a C5-C7 ring system, containing at least one
hetercatom selected from oxygen, nitrogen and sulphur,
5- and 6-membered rings being especially preferred,
e.g. a tetrahydrofuranyl, furanyl, piperidinyl,
pyridinyl, tetrahydrothiophenyl or thiophenyl (thienyl)
group. '

Examples of substituent groups include halogen
atoms (e.g. chlorine atoms), nitro, hydroxyl, carboxyl,

. amino, cyano, formyl, alkoxycarbonyl, alkanoyl,

alkylthio, alkylsulphinyl, alkylsulphonyl, carbamoyl,
alkylamido and polyoxyalkylene groups. When any of the
foregoing substituents contain an alkyl or alkylene
moiety, this may be linear or branched and may contain
up to 12, preferably up to 6, and especially up to 4,
carbon atoms.

Preferably, R®' represents a linear alkyl group.
Preferably, R’ represents an optionally substituted
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A polyoxyalkylene compound of general formula

e)
R1-A-X-C-R2 I
wherein _

Rl represents a C4 to Cig alkyl group;

R2 represents an optionally substituted alkyl having
at least 4 carbon atoms, alkenyl, alkynyl, aryl,
arylalkyl, cycloalkyl, alkylaryl, heterocyclyl, alkoxy,
aryloxy, alkylamino, dialkylamino or arylamino group;

A :epresenfé an oxygen atom (-0O-) or a group ~NH-;
and

X represents a polyoxypropylene chain or a random
copolymer of ethylene oxide/propylene oxide which
comprise 0 to 30%wt of ethylene oxide, and an oxygen
atom of group X is bonded directly to the R2CO- moiety.
2. A compound as claimed in Claim 1, wherein R?
represents an optionally substituted alkyl having at .
least 4 carbon atoms, phenyl or benzyl group.

3. A compound as claimed in any preceding claim,
wherein the number average molecular weight of group X
is in the range 300 to 3500.

4. A compound as claimed in any preceding claim,

'_whereln the total acid number (TAN) of said compound of

general formula I is less than 5.

S. A process for the preparation of a compound of
general formula I, the process comprising reacting a
compound of general formula

R1-aA-x-0OH V'

. wherein Rl, A and X are as defined in any preceding
claim,

o
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with a compound of general formula
. " o

R2-c-L1 Vi

wherein R2 is as defined in any preceding claim, and
Ll is a leaving group. .
6. A lubricating oil composition'comprising a major
amount of a lubricating oil and a minor amount of a
compound of general formula I as claimed in any of
claims 1 to 4.
7. A fuel composition comprising a major amount of a
fuel and a minor amount of a compound of general formula
I as claimed in any of claims 1 to 4.
8. Use of a compound of general formula I as claimed in
any of:-claims 1'to 4 as a rust inhibitor.
9. A lubricating oil concentrate comprising a diluent
and a compound of general formula I according to any of
claims 1 to 4 in an amount of 1 ‘to 80wt% based on the
total concentrate. .
10. A method of operating an internal combustion engine
to inhibit rust formation, the method comprising
lubricating said engine with a lubricating oil

20 composition according to claim 6.

e
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