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OXIDATION OF POLYETHERS

The present invention relates to oxidised polyethers having
keto-carbonyl functional groups, and processes for their production.

Oxidised polymers, that is polymers having oxygen-containing
functional groups, and in particular keto-carbonyl functional
groups, are potentially valuable industrial products because they
are readily convertible by reaction of the oxidised moieties
associated therewith to products useful, amongst other applications,
as fuel and lubricating oil additives, for example as dispersants,
and detergents. Perhaps the most reported polymer oxidation is that
of the polyolefins, for example polyisobutene and polyethylene.

The oxidation and subsequent amination of polyisobutenes has
been described in the patent literature in, for example, US Patent
No. 3,931,024, which discloses that a highly effective dispersant
for a lubricating oil or a fuel can be prepared by the noncatalysed
air-oxidation of a polyolefin or of a halogenated polyoclefin to form
an oxygen-containing material. This material is then reacted with
an aliphatic polyamine under conditions that cause the formation of
an addition product which differs chemically from the Schiff bases
of the prior art.

In GB-A-959362 there is described the oxidation of polyethylene
waxes.

Our copending European application publication No. 0271261
discloses a process for the production of an oxidised polyisobutene

which process comprises passing through a column of the
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ANI MATED KETO- CARBOYL FUNCTI ONALI SED POLYETHERS The present

I nvention relates to a process for the production of an additive
suitable for incorporation into a lubricating oil or a fuel by the
reaction of an aliphatic polyam ne with a pol yner havi ng ket o- car bonyl
functional groups. 5 xi di sed polyners that is polynmers having
oxygen- cont ai ni ng functional groups,2and in particul ar keto-carbonyl
functi onal groups, are potentially valuable industrial products
because they are readily convertible by reaction of the oxidised

noi eti es associated therewith to products useful, anongst other

applications, 1@olwisobuteineamainkainedcalt ianteroetatadeliin Vs rafxgﬁr fesrmipd etoas
di spersants, zooéld“qn&'%ft%&%@ﬁerl@ewwévawg e pr@ !rijQ.Lc){H‘a’[»

oxidation is that he pol yol ef I ns or exanp yi1 sobut ene and
p0|yetr“” ene. oxygen-containing gaseous oxidant at a gas flow rate greater than 10

litres cm~2h~! measured at the operating pressure.

5 The oxidation of polymers containing -0- bonds in the backbone
chain is less common. Japanese patent publication J6 2198 641
describes the preparation of a carboxylic acid salt by oxidising a
compound of the formula RO(ethylene oxide),H with oxygen in an
aqueous solvent at a pH above 7, a temperature of 30 to 100°C and a

10 pressure of below 10 atmospheres in the presence of a catalyst
consisting of (i) Pt and/or Pd, with (ii) Se, Te, Sb, Sn, Bi and/or
Pb, the atomic ratio of (ii) to (i) being 0.01-2.0,

It has now been found that polyethers can be oxidised to
produce a polyether having keto-carbonyl functional groups which is

15 convertible by reaction of the keto-carbonyl groups to an additive
suitable for lubricating oil and fuel compositionms.

According to the presené invention there is provided a process
for the preparation of a compound of the formula I
0

20 X[ CHyCHR10],CHy f_g2 (1)
where X is a group derived from a nucleophile, Rl is H, alkyl or
aryl, R? is alkyl or aryl, m is a number from 1 to 40; when md>1,
each [CH2CHR10] unit is the same or different,
which process comprises oxidising a compound of the formula (II)

25 X[ CHoCHR10],CH,CHRZ (OH) (11)
where X, Rl, R2 and m are all as defined above provided that where
Rl is H, the [CHyCH50] units comprise no more than 50% by weight of
the total number of [CHyCHR!O] units.

The compounds of formula (I) are novel and can be used as

30 intermediates in the preparation of functionalised polyethers
suitable for use as lubricating oil or fuel additives.

Thus according to a further aspect of the present invention

there is provided a compound of the formula (1)

i
35 X[CHycHR1O],, CHy; C-R2 (I)
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-The oxi dati on and subsequent am nation of polyisobutenes has been
described in the patent literature in, for exanple, US Patent 15 No.
3,931,024, which discloses that a highly effective di spersant for a
Lubricating oil or a fuel can be prepared by the noncatal ysed
air-oxidation of a polyolefin or of a ha%ogenated polyolefin to form

an oxygen-containing material. This fmaterial is then reacted with an
al i phati c pol yam ne under conditions that cause the formation of 20 an

addi ti on product which differs chemcally fromthe Schiff bases of the
prior art. IanBiA-959362 there is described the oxidatiog of
pol yet hyl ene  vwherggiseB. s R® and m ang,ps dsHitrdi ppvEPPRVEPE] 2BAt Fheed BSels a

process for thes, 28 [REHEHIOY I @NtOfcorPrivel £b SBEe RBLYIsDRDIY GBEHNLER LB OCESS

conpri ses
P total number of [CHZCHRlo] units.
The group X in compounds of formula (I) and compounds of
5 formula (II) is a group derived from a nucleophile. X can suitably

be -OH, -SH, -0R3, -sg3 (where R3 = hydrocarbyl, for example alkyl,
alkenyl, aryl, alkaryl or aralkyl preferably alkaryl; where R? is an
alkyl group it is suitably a C1-Csp alkyl, preferably C;~C3p more
preferably Cj-Cqp), -NR4R5 (where R4, R® are independently H, or

10 hydrocarbyl group, preferably a Cj-Coqg more preferably C;-Cig alkyl
group for example methyl or ethyl) or alkanoate (for example,
acetate). The group X is preferably an alkyl substituted phenate
group for example dodecylphenate -OCgH;(Cj9Hgs).

In the formulae I and II, Rl and R? are independently alkyl or

15 aryl alternatively Rl can be H; where R! or R? is an alkyl group it
is suitably a C1-C3g alkyl group preferably C;-Cog more preferably
Cy1-Cy1g suitably C;~C3 for example methyl or ethyl; where R! or R? is
an aryl group it is preferably phenyl. R! and R2 can be the same or
different, preferably the same. m in the formulae I and II is a

20 number from 1 to 40, preferably 10 to 30 more preferably 15 to 25.
Although each molecule will have an integral value of m, any
compound of the present invention will comprise molecules of varying
sizes and values of m, therefore m may have a value that is not an
integer.' Compounds of the formula I and II comprise a backbone of

25 units of the formula [CHyCHRIO] where each of the units are the same
or different. Where the units are different, the backbone may
contain two or more different types of [CHZCHRIO] units. Where RI
is hydrogen, the [CH3CH90] units comprise no more than 50% by weight
of the compound, preferably no more than 30% more preferably no more

30 than 15%.

The starting material for the process of the present invention
is a compound of formula (II) and is preferably a polyether obtained
by the anionic polymerisation of alkylene or aryl-alkylene epoxide
initiated by a suitable nucleophile. Polyethers which may be used

35 in the process of the invention are the polyalkylene polyethers, and
7
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-2- passi ng through a colum of the polyi sobutene maintai ned at a
tenperature in the range from 140 to 200[err] C and at at nospheric or

el evated total pressure a nol ecul ar oxygen-contai ni ng gaseous oxi dant
at a gas flowrate greater than 10 litres cnierr]h[err] neasured 5 at
t he operating pressure. The o§igq;ion of polymers containing -0-

bonds i n the backbone

poly aryl-substituted alkylene polyethers, for example polypropylene
oxide, polybutylene oxide, and polystyrene oxide. Alternatively,
the polyethers may comprise two or more different oxyalkylene units
for example a mixed polyethylene oxide/polypropylene oxide based

5 polyether. Types of polyether which may be used in the process of
the invention are, for example polyether amines (X = NR4R5) or
polyether polyols (X = OH). Examples of suitable polyethers useful

in the process of the invention are thdse having the formula:-
10 Cig Hasg 0 — (alkylene-0),H (IID)

wherein the alkylene group is propylene or butylene and n is an
integer having a value of about 25. Polyethers of the formula (III)
are commercially available.

15 The oxidation of the polyether may be accomplished in a variety
of ways, for example by treatment with dichromate, potassium
permanganate, silver (I) complexes (e.g. Tollens reagent) copper,
(I) or (II) complexes (e.g. Fehlings reagent) or a peroxide or
hydroperoxide (e.g. H90) preferably by treatment with dichromate.

20 Where dichromate is used it is preferably used as chromic
acid. The dichromate to polyether molar ratio is preferably in the
range 1l:1 to 4:1, more preferably 1.5:1 to 2.5:1 for example 2:1.
Where chromate is used as an oxidant, the reaction temperature is
preferably in the range 25 - 100°C, more preferably in the range

25 35 - 65°C.

The oxidation can also be carried out by catalytic
dehydrogenation using supported metal oxide e.g. copper-chromium
oxides on celite. Alternatively, the oxidation can be carried out
using a molecular oxygen-containing gas.

30 Where a molecular oxygen-containing gas is used it should be of
a composition such as to remain outside the explosive limits of any
light hydrocarbons formed during the oxidation. A suitable
molecular oxygen-containing gas for this purpose is oxygen diluted
with inert gas, for example nitrogen. Suitably in such a mixture

35 the oxygen concentration is in the range from 2 to 20% by volume.

-4 -
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ehain is |l ess common. JP-A-2198 641 describes the preparation of a
carboxylic acid salt by oxidising a conpound of the formula

RQ( et hyl ene oxide)[err]H with oxygen in an aqueous sol vent at a pH above
10 7, a tenperature of 30 to 100[err]C and a pressure of below 10

at nospheres in the presence of a catal yst.consisting of (i) Pt and/ or
Pd, with (ii) Se, Te, Sb, Sn, Bi and/or ﬁ%, the atomc ratio of (i)
to (i) being 0.01-2.0. GB- A- 971173 di scl oses ket oni c- ended

pol yethers of the general 15 formula:- [err]

Air or other molecular oxygen-containing gases may also be used,

subject to the aforementioned proviso. It is preferred to recycle

the gaseous oxidant after passage through the polymer since only a

small proportion of the available oxygen may be absorbed per pass
5 through the column of reactant.

The oxidation using a molecular oxygen-containing gas may
suitably be accomplished by passing the gas through a liquid column
of the polyether maintained at a tempetature in the range from 50 to
.150°C. The liquid column of polymer may suitably be contained

10 within a tubular reactor. A preferred form of tubular reactor is a
draft tube reactor, i.e. a reactor which comprises a closed vessel
having at least one inlet and at least one outlet, a partition
dividing the vessel into two zones which intercommunicate above and
below the partition and means for admitting gas in a finely divided

15 state into the lower part of one of the zones.

The foregoing is merely illustrative of one suitable mode of
operation. There are many other ways of practising the process of
the invention. .

It is preferred to add to the polyether before oxidation a

20 portion of a polyether oxidate. This can lead to the advantage that
the initial oxidation rate may be increased.

The product resulting from the process of the present invention
comprises a ketone derivative of formula (I) but may also comprise
ester derivatives of the polyether. Typically, oxidation using a

25 molecular oxygen-containing gas of a polybutylene oxide derived from
the base catalysed polymerisation of butylene oxide with
dodecylphenol produces an ethyl ketone derivative, a formate ester
derivative and a propionate ester derivative of the polyether.
Oxidation of a similar polymer in which butylene oxide is replaced

30 by propylene oxide produces a formate ester derivative, an acetate
ester derivative and a methyl ketone derivative of the polyether.

In addition to the chemical functionalisation of the polyether
physical degradation occurs.

Where a molecular oxygen-containing gas is used it is preferred

35 that there is added to the polyether a soluble transition metal
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wherein X stands for a nonoval ent or pol yvalent radical derived from 20 a
conpound X(H)ya in which a is the nunber of hydrogen atons reactive

with a cyclic oxide, R stands for hydrogen or a hydrocarbon radical,

Rlerr] stands for a hydrocarbon radical, n stands for an integer of at

| east one and mstands for zero or an integer. The polyethers nmay be
prepared by the oxidation of suitable polyethers having secondary 25
hydr oxyl end groups. JP- A- 2135224 di scl oses that pol yket ones
(PAPK) are produced by t he reaction of polyoxyal kyl enepol yol s
cont ai ni ng secondary OH groups in the nolecule with dehydrogenation
catal ysts. °m“mxfh A- 3,560,574 di scl oses conpounds of the fornul a: -

It has been observed that there is a minimum temperature at
which molecular oxygen uptake occurs, which temperature depends
amongst other factors on the nature of the polyether. It has been

5 found that for any particular polyether the minimum temperature
required for oxygen uptake to occur can be reduced by the addition
of a soluble transition metal compound. Moreover, addition of the
transition metal compound can also increase the overall conversion
of the oxidation reaction under identical conditions.

10 Suitably the transition metal of the transition metal compound
may be for example copper, chromium, cobalt or iron. Suitabiy the
compound may be a salt or a complex of the transition metal. It is
believed that it is principally the metallic moiety of the compounds
which influences its catalytic effect, rather than the non-metallic

15 moiety. A suitable metal compound is the acetylacetonate complex of
the metal.

Oxidation conditions comprise an elevated temperature, suitably
in the range from 50 to 150°C and either atmospheric, subatmospheric
or superatmospheric pressure. Within the aforesaid temperature

20 range, for each polyether there is a critical temperature below
which oxidation does not appear to occur. It is well within the
ordinary skill in the art to determine this temperature.

Preferably the polyether is in the liquid phase. TUsing
polyethers of a molecular weight such that they are liquid under the

25 oxidation conditions the liquid phase may be provided by the liquid
polyether. Polyethers which are solid under the oxidation
conditions may suitably be used in the form of either a dispersion
or a solution in a suitable high-boiling liquid which is inert under
the oxidation conditions. Liquid polyethers too, if desired, may be

30 used as either a dispersion or a solution.

In another aspect the present invention provides a process for
the production of an additive suitable for incorporation into a
lubricating oil or fuel which process comprises reacting a
keto-functionalised polyether obtained by the process as

35 hereinbefore described with an aliphatic polyamine employing a mole
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{err] wherein R err] and R err] are hydrogen or an organic radical,

whi ch can I ncl ude inert substituents, and their preparation by the
tri hydrocar byl phosphi ne-catal ysed reacti on of epoxides and 35 nonohydric
al cohol s. - 3-

-7 -

ratio of polyamine to polyether of from about 0.2 to about 2.5 moles
of -polyamine per mole of the polyether to form an aminated polyether
product.

The oxidation product may be used without any intervening

5 purification as the keto-functionalised polyether starting material
for the amination process. The aliphatic polyamine may
suitably be an alkylene polyamine having the general formula:

NHz(CHz)q-[NH(Cﬂz)a]rNHz
wherein g is an integer from 2 to 4 and r is zero or an integer from
10 1 to 10. Specific compounds falling within the aforesaid formula
include ethylene diamine, diethylene triamine, triethylene
tetramine, tetraethylene pentamine, propylene diamine,
dipropylenetriamine, and the like. A preferred alkylene polyamine
is diethylene triamine.
15 Alternatively, the polyamine may be of the formula:
ri

Rz//

vherein Rl and R? are independently hydrogen or alkyl groups

N ( alkylene )g NHy

20 for example a C3-Cjg alkyl group preferably methyl ethyl or propyl
and s is an integer from [ to 6 preferably 2 to 4.

A suitable polyamine of the aforesaid formula is MeoN(CHj)3NHj.

Further details of the amination process may be found in US
Patent No. 3,931,024, the disclosure of which is incorporated herein

25 by reference. Typically, the temperature of the amination reaction
may be in the range from 60 to 250°C.

It is preferred to hydrogenate the amination product before use
as an additive. Hydrogenation is desirable primarily to convert
imines in the amination product to amines. Hydrogenation may

30 suitably be accomplished by, for example, treatment with an alkali
metal borohydride, eg sodium borohydride. Alternatively, the
amination product may be reacted with formic acid. 1In a further
alternative the amination product may be catalytically hydrogenated,
suitably using as catalyst a supported transition metal, preferably

35 a supported platinum group metal, for example palladium supported on

S
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ht hés now been found that a pol yether having ket o-carbonyl
functional groups is convertible by reaction of the keto-carbonyl
groups with an aliphatic polyam ne to an additive suitable for

| ubricating oil and fuel conpositions. 5 According to the present
I nvention there is provided a process _ 4 _ for the production of an
additive suitable for incorporation into a | ubricating oil or a fuel
whi ch process conprises reacting an al i phatic polyamne with a
conpound of the formula (1):- [err] wherein X is a group derived

from a nucl eophil e; . i .
carbon or alumina, Other hydrogenation techniques known in the

art may also be used. The present invention also provides a
finished lubricating oil composition comprising a major proportion
of a lubricating oil and a minor proportion of an additive as

5 hereinbefore described. Such a lubricating o0il composition will
typically comprise 0.1 to 10%w/w of the additive, preferably 0.5 to
7 more preferably 1 to 6%w/w.

The lubricating oil may suitably be any oil of lubricating
viscosity and may be either natural or synthetic.

10 In a further embodiment the invention also provides a fuel
composition comprising a major proportion of a fuel and a minor
proportion of the additive prepared by the process as hereinbefore
described. Such a fuel composition will typically comprise
5-5,000ppm, preferably 50-1,000 ppm (by weight) of the additive.

15 The fuel may suitably be an internal combustion engine fuel. A
preferred fuel is one suitable for use in spark ignition engines,
for example a motor gasoline. Alternatively, the fuel may be a fuel
suitable for use in compression ignition engines, for example a
diesel fuel,

20 The invention will now be further illustrated by reference to
the following Examples and the accompanying Figure which takes the
form of a flowsheet.

The plant used in examples l-14 comprises an inlet (1) fitted
with a silica gel drying column (2) and a rotameter (3) which is

25 connected to the reactor (4) via a pump (5). The pump (5) can be
by-passed by means of a flow control valve (6). A mercury blow off
(7) is fitted in between the pump (5) and reactor (4). The reactor
(4) is fitted with a eurotherm heatcontroller (8) attached to a
thermocouple (9). Gaseous components can be vented from an outlet

30 (10) through a catch-pot (il) fitted with a condenser (12) and two
cold traps (13, 14) to a large-bore vent (15) or alternatively can
be recycled through the oxygen meter (16). All lines are made of
PTFE except for the dry air line from the rotameter.

The plant shown in the Figure may be operated in either of two

35 ways as follows:-
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R[err‘] I s hydrogen, alkyl or aryl; Rlerr] is alkyl or aryl; mis
a nunber from1l to 40; and 15 when mis greater than one each

[CHerr]CHRerr]Q wunit is the sane or ~different provided that when
Rlerr] is hydrogen the [CHerr]CHerr]Q units conprise no nore than
50% by wei ght of the total nunber of CHerr]CHR{err] g units.

The group X in the conpounds of formula (1) is a group 20 derived froma
nucl eophile. X can suitably be -OH, -SH, -ORlerr], -SR err] (where
R3 = hydrocarbyl, for exarrpl e al kyl R[al k]enyl ary: y al karyl o or

ar al kyl , referal alkar wher e err] is an a I't 1s

sui ta%l y g d err? %[ 8peyt Wlh °pﬁrré?’é’tnabl‘§}rcf%rtﬁﬁ‘e"0[lérq’]m“&ﬁ)rtbe pridiex abl y

Clerr]-Cerr]), - dr)NR[gede’l]uR{le(I?D] ardVBRé 1R a R Efroulth Bte] r&raﬁeté}d@@)?ndent Iy
H or a hydr ocar byl géP in um%rgft%roughyt e CFertUr g)egrﬁ traps 13,
preferably Cferr]- C[err alﬁ( F% up, for %mﬁ

and exltlng out of the vent (15) before the oxygen meter (16).

5 (ii) recycle operation:- the system is filled up with all
valves open. The vent (15) and inlet (1) are then closed off and
air is circulated through the oxygen meter (16). It is therefore
possible to monitor oxygen depletion versus time for a specific flow
rate.

10 Example 1

246.7g of PC1362 (a polybutylene oxide derived from the base
catalysed polymerisation of an average of 25 moles of butylene oxide
with dodecylphenol) was weighed into the oxidation reactor. The air
pump was switched on and nitrogen was pumped through the system in

15 the once-through operation mode. The reactor tube was heated up to
125°C and then air was sparged through the system at a rate of 372
litres/hour for 3 hours. (This flow rate was used for all 35
subsequent oxidation reactions.)

Less than 0.5g of low molecular weight condensate was collected

20 in the cold traps.

The product was transferred to a 500ml 3 neck round bottomed
flask in which it was vacuum stripped at 150°C for 30 minutes to
remove any low boiling fractions.

Example 2

25 233.7g of PCl1362 was oxidised under identical conditions to
those employed in Example 1 except that air was sparged through the
heated polyether for 6 hours.

11.9g of low molecular weight condensate was collected in the
cold traps.

30 The product was vacuum stripped as per Example 1.

Analytical Data for Examples 1 and 2

The infra red spectra of both Examples showed a carbonyl
absorbance centred at 1728 cm~! not present in PC1362. the
intensity of the absorbance was stronger for Example 2, indicating

35 a greater degree of oxidation.
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met hyl
preferably an al kyl

dodecyl phenate -OC[err]H err](CJerr]Herr]).

(1), Rerr]
R err]
suitably a (Jerr]-(err]
preferably derr]
or ethyl; where R err]
phenyl. Rerr]
the sane. min

and Rlerr]

or

and R[err]
Pd rme

can be H Were R err]
al kyl

-Cerr],

or

Rl err]

can be

are independently alkyl
Rl err] i
group, pre

is an
the sane

or ethyl) or al kanoate (for exanple acetate).
substituted phenate group for exanple

aryl
or

or aryl.
an al kyl

The group X is

30

group it
mMyquLquL
suitably err]-Cerr],
group it
di fferent,

In the fornul a
Al ternatively

S

nor e
for exanpl e nethyl
is preferably
preferably

froml to 40, preferably 10

to 30, nore preferably 15

SAMPLE

Mn

Mw

Mw/Mn

PC1362
Example 1
Example 2

1950
1620
960

2210
1810
1430

1H Nuclear Magnetic Resonance Data

10

SAMELE

% SELECTIVITIES

Ethyl

Ketone

Formate

Ester

Propionate

Ester

% CONVERSION

15
Example 1
Example 2

35
37

45
39

20
25

15
104

The conversion figure for Example 2 implies that more than one

20
Example 3

220g of the product from Example 2 was stirred with 33.7g of

oxidative attack per polymer molecule has occurred.

dimethylaminopropylamine in a 500 ml round bottomed flask fitted

with thermowell, overhead stirrer and Dean-Stark trap with

25 condenser.

The mixture was stirred at ambient temperature for one

hour during which the colour changed from pale green to amber.

colour change is attributable to the formation of amine oxides from
hydroperoxides present within the oxidate.

added to the flask and the mixture was refluxed for a further two

30

the Dean-Stark trap.

The product was vacuum stripped at 130°C for one hour to remove

the toluene and any unreacted amine.

The infra red spectrum of this material showed the

35
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disappearance of the oxidate carbonyl peak at 1728 em~1l and

This

120 ml of toluene was

hours, with any water produced in the reaction being collected in

the
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Althbugh each nolecule will have an integral value of m ary conpound

of the present invention will conprise nol ecules of varying si zes and
values of m therefore mmay have a value that is not an i nt eger.
Compounds of the fornmula | conprise a backbone of units of 5 the formul a
[CHerr]CHR[ err] 0] where each of the uni are the sane or different.
Where the units are different, the backbo‘ﬁe may contain two or nore
different types of [CH err]CHR err]0] units. Wiere R err] is hydr ogen,
the [CH err]CH err]0] units conprise no nore than 50% by wei ght of t he
conpound, preferably no nore than 30% nore preferably no nore than 15%
The conpound of apreemaice Of )a bsogsk dhinedphideopraki perdrby abxi &S Fmg - a

compound of the for gyl akkd Initrogen content of this material was 1.18% and the
X[CH[err]CHR[err]O][err]CH[err (%HR[err _S (rn)
tal nitrogen content was 1.78%.
110.0g of the aminated material was dissolved in 100 ml of
5 ethanol and 5.52g of sodium borchydride was stirred in. Some mild
effervescence due to the liberation of hydrogen was observed. The
mixture was stirred for twelve hours at ambient temperature.
This reduced aminate product was dissolved in 100 ml of toluene
and extracted with three 100 ml aliguots of distilled water to
10 remove unreacted sodium borohydride and any water soluble amides.
The addition of 10 ml of n-butanol was necessary at each stage of
this extraction to break down emulsions. The toluene was removed on
a rotary evaporator.
The infra red spectrum of this product showed in the
15 disappearance of all imine and carbonyl absorbances in the 1800-1620
cm—1 region.
The basic nitrogen content was 0.53% and the total nitrogen
content was 0.617%.
The product was gasoline soluble at the 10% level.
20 Example 4
The reactor tube was filled with 237.0g of PC1572 (which is the
polypropylene oxide analogue of PC1362 i.e. dodecylphenol and 25
moles of propylene oxide). The reactor tube was heated to 100°C
whilst sparging with nitrogen in the once-through mode. The system
25 was then filled with air and switched to recycle operation. The
oxygen content of the system was observed to fall from 20%Z to 2%
whereupon the system was refilled with air via the silica gel tube
inlet. Another three oxygen depletions of the system were carried
out. The total time for all four depletions was 7 hours 33
30 minutes. 2.14g of low molecular weight condensate was collected.
The product was vacuum stripped at 150°C for 30 minutes using a
pressure of 2" Hg.
Example 5
The reactor tube was filled with 239.lg of PC1572 and the

35 procedure used in Example 4 was repeated except that 8 depletions of
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wherein X, Rerr], Rerr] and mare all as defined hereinbefore in relation
to the conmpound of formula (1), provided that when Rerr] is H the
[CHerr]CH err]Q units conprise no nore than 50% by wei ght of the total
nunber of [CH err]CHRerr]Q wunits. The starting material for
preparing the conpound of formula (1) _ ,, _ is preferably a conpound of
formula (I1) and is preferably a 20 poJIyether obt ai ned by the anionic

pol ymeri sati on of al kyl ene or aryl -al kyl ene epoxide initiated by a
sui t abl e nucl eophil e. Pol yet hers which may be used in the process of
the invention are the pol yal kyl ene pol yet hers,

and
pol yaryl - subst itheit S8t IEgPEsRE Of the wysbem fgpr 20fo%o 2% AR5 ec458ESD P8Py | ene
oxi de, pol ybut ghengimexifken irdthed? deppet yGisywane2 moude .34 Mduveesat svedgy, the

pol yet hers may ¢o rise t e differe # c%xal kyl ene units for

or r
. W I ecuwgk weight condensate was colle .
exanpl e a nm xed pol'yet'hyl ene BO 0% ﬁefpo ypr opylene oxi de based

pol yet her. Types offhgapnedbttewasttachum strigpey ndensehd $amet henditdbaresss of t he
i nvention are, Eg‘g,gplgxgnpl e pol yether amnes (X = NRlerr]Rerr]) or

pol yet her polyols (X = OH). 30 Exanples of suitable polyethers useful in
t he process of le 6

The reactor tube was filled with 237.2g of PC1572 and 12
depletions of the oxygen content of the’ system were carried out in
the same way as Example 4. The time taken for these depletions was

10 29 hours 26 minutes. 11.29g of low molecular weight condensate was
collected.
The product was vaccum stripped under the same conditions as Example
4,
Example 7

15 The reactor tube was filled with 237.7g of BC1572 and 16
depletions of the oxygen content of the system were carried out in
the same way as Example 4. The time taken for these depletions was
30 hours 57 minutes. 14.63g of low molecular weight condensate was
collected.

20 The product was vacuum stripped under the same conditions as
Example 4.
Analytical Data for Examples 4 and 7

The infra red spectra of both Examples showed a carbonyl
absorbance centred at 1728 cmfl, not present in PC1572. The
25 intensity of the absorbance was sequentially greater for examples &
to 7 indicating an increasing extent of oxidation.

Gel Permeation Chromatography Data

SAMPLE Mn Mw Mw/Mn
30
PC1572 1750 1840 1.0
Example 4 1300 1630 1.2
Example 5 1150 1530 1.3
Example 6 890 1360 1.5
35 Example 7 690 1240
This Sheet Has Been Replaced | - 12 -
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tnvention are those having the formula:- [err] 35 wherein the
al kyl ene group is propylene or butylene and n is an

10

15

20

25

30

35
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1H Nuclear Magnetic Resonance Data

SAMPLE % SELECTIVITIES % CONVERSION

Formate Acetate Methyl

Ester Ester Ketone

PC1572 100 0 £ 0 3
57 16 27 24
50 19 31 38
50 23 27 59
51 22 27 68

Example
Example

Example

~N oo

Example

Example 8 The reactor tube was filled with 257.6g of polyether
CP-1 (available from BP Chemicals) which is a glycerol started
polyethylene oxide/polypropylene oxide. The same procedure of
Example 4 was used to oxidise the sample for 6 oxygen depletions of
the system. This took 11 hours 10 minutes and 9.04g of low
molecular weight condensate was collected.

The infra red spectra of the product showed a carbonyl
absorbance at 1728 em~1 not present in CP-1. This absorbance was of
similar shape to those observed for Examples 4-7.

Gel permeation chromatography showed that Mn had dropped from
4110 to 2060, Mw had dropped from 4240 to 3100 and the dispersity
Mw/Mn had increased from 1.0 to 1.5.

Examples 9-13

Approximately 230g of PC1362 was weighed into the oxidation
reactor tube along with 1% w/w of a metal acetylacetonate salt. It
was then heated to 80°C with nitrogen circulating through the system
before air was admitted. It was then returned to recycle mode and
the temperature was gradually raised until a significant rate of
oxygen uptake was observed on the oxygen meter. Once this
temperature had been recorded the reactor was heated to 125°C
whereupon air was sparged through the reactor in the 'once through!

operation mode for 3 hours giving a total reaction time of 3 hours

This Sheet Has Been Replaced - 13 -
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isnt eger having a val ue of about 25. Polyethers of the forrmula (I11)

are commercially avail abl e. The oxi dation of the pol yether may
be acconplished in a variety of ways, for exanple by treatnment with
di chromate, potassium 5 per manganate, silver (1) conplexes (e.qg.

Tol | ens reagent), copper (1) or (1) 1{'orrpl exes (e.g. Fehlings reagent)
or a peroxide or hydroperoxide (e.g. Herr]([err]), preferably by
treatment with dichromate. Where dichromate is used it is
preferably used as chromc acid. The dichromate to pol yether nol ar
ratio is prefer Bé‘ln the 10 range 1:1 to 4:1, nore preferably 1.5:1 to
2.5:1 for exanpl nptes. Where chromate is used as an oxidant, the

reacti on tenperat ur efhieSmetal sfitefweabior Eanphes vangere2d Fe(l&{):[)grr] C, nore
preferably in t oxi dation can

al so be carried OIS? aﬁg%auéfcatc%% Tg Er{?@%ﬁgd’r 5§sé’r?§f’rv<fr]iYUS|mn§°“§’ﬁﬁbtdrVFed met al

oxi de e.g. Coppelpcgtm‘lamdjm:perlment (Example 13) was also performed.
5 Analytical Data for Examples 9-13

The infra red spectrum of the product from Examples 9-12 showed
a carbonyl absorbance centred at 1728 cm~! which was similar in
profile to those observed in Examples 1-2., The intensity of this
peak decreased in the order Example 9,10,11,12. Example 13 gave no

10 substantial carbonyl peaks.

EXAMPLE| METAL SALT MINIMUM TEMPERATURE FOR CARBONYL CONTENT
OXYGEN UPTAKE (% wt/wt acetone
(°C) equivalents)
15
9 Fe(acac)g 80-90 2.15
10 Co(acac)g 80-85 1.30
11 Cu(acac)g 80 0.82
12 Cr(acac)j 85-90 0.88
20 13 None 120 0.10

It is evident that Fe(acac)3, Co(acac)3, Cu(acac)s and
Cr(acac)3 all facilitate the oxidation reaction by reducing the
minimum process temperature and increasing the overall ketone yield
25 under identical reaction conditions.
Example 14
236.3g of PC1362 and 2.38g of Fe(acac)3 were weighed into the
reactor tube and the tube was heated to 60°C under a sparge of
nitrogen. The system was then filled with air which was recycled.
30 A slow uptake of oxygen was observed which became more rapid as the
temperature was raised. Once the temperature had reached 90°C the
polyether was oxidised with air in the once-through mode for 3 hours
giving a total reaction time of 3 hours 20 minutes.
The product showed a similar infra red carbonyl absorption as

35 Example 9 but of less intensity as would be expected. The carbonyl

This Sheet Has Been Replaced - 14 -
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oxides on celite. Alternatively, the oxidation can be carried out

using a nol ecul ar oxygen-contai ni ng gas. Where a nol ecul ar
oxygen-containing gas is used it should be of a conposition such as to
remai n outside the explosive limts of any 20 | i ght hydrocar bons forned
during the oxidation. A suitable n?%ecular oxygen-cont ai ni ng gas for
this purpose is oxygen diluted with Tnert gas, for exanple nitrogen
Suitably in such a mxture t he oxygen concentration is in the range
from2 to 20% by vol une. Air or other nolecul ar oxygen-containing
gases may al so be used, 25 subject to the aforenentioned proviso. It is
preferred to retyptpet vas 1.8Q% Wyseshsnoeluiied entist erThigse@geinedtough t he

pol ymer since Ofdmgnstrates tsaealdhe QReAdd on nf(aém3aé4ﬁbiééoltse ngmoﬂa% be
absor bed per pass t hr ou colum of reacta

e
oxi dation usi ng®% SAPTIEGuTHr a*b%f@%"rf%&ﬁetsaiaﬁl"l\‘ﬁhgﬁsawéﬂ/l%‘f?r thsh t‘ﬁb’it)? be

-acconpl i shed byaysassé.ng the gas through a I|qU|d col um of the
pol yet her qylnt§|nege tegR%raEureoégog 16 L ange fron150 to
150[err]C be cont ai ned

200g of the polyether PC1362 (dodecylphenol started
polybutylene oxide -25 moles butylene oxide) was dissolved in 200ml
40-60 petroleum ether in a 1 litre 3 necked round bottomed flask
fitted with overhead mechanical stirrer, water cooled condenser and
10 pressure equalising dropping funnel. 22.84g (2 fold excess relative
to PC1362). of solid sodium dichromate dihydrate was dissolved in
306ml of 2N sulphuric acid and this solution was charged to the
dropping funnel. With vigorous stirring and under a nitrogen
blanket the dichromate solution was added dropwise to the polyether
15 solution over an interval of 30 minutes. The flask was then heated
to 45°C with vigorous stirring maintained whereupon the pet ether
refluxed into the condenser. This temperature was maintained for 6
hours before the heat was removed and the flask stirred for a
further 16 hours at ambient temperature. The contents of the flask
20 were poured into a separating funnel and allowed to form two
layers. The lower aqueous layer was run off and the organic layer
was sequentially washed with three equal volume aliquots of
distilled water. The organic layer was shaken with anhydrous
magnesium sulphate to remove residual water, filtered and the pet
25 ether removed on a rotary evaporator. 170.4g of a clear pale green
liguid was recovered.
The H nmr spectrum of this product revealed the presence of a
CHy adjacent to ketone signal at 2.5 ppm. Integration of this
signal and the aromatic proton signal between 6.5-7.5 pm implied
30 that virtually quantitative conversion to the polyether ketone had
been achieved.
A previous attempt where an equivalence of sodium dichromate
was used and no heat was applied only achieved 47% conversion.

Example 15(b) - Amination of the Polyether Ketone

35 150g of the product from example 1 was stirred with 13.6g

- 15 -
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within a tubular reactor. A preferred formof tubular reactor is a

draft tube reactor, i.e. a reactor which conprises a closed vessel 35
having at |east one inlet and at | east one outlet, a partition

- 6- di viding the vessel into two zones which intercomrunicate
above and bel ow the partition and qpqgg_for admtting gas in a finely
di vi ded

(1.5 molar equivalents) of dimethylaminopropylamine in a 500 ml
round bottomed flask fitted with thermowell, overhead stirrer and
Dean-Stark trap with condenser. The mixture was stirred at ambient
temperature for one hour. 120 ml of toluene was added to the flask
5 ' and the mixture was refluxed for a further 4 hours, with any water
produced by the reaction being collected in the Dean-Stark trap.
The product was vacuum stripped at 130°C for one hour to remove
the toluene and any unreacted amine.
After cooling a solution of 7.00g sodium borohydride in ethanol
10 was added to the f£lask. Some mild effervescence due to the
liberation of hydrogen was observed. The mixture was stirred for
twelve hours at ambient temperature before the ethanol was removed
on a rotary evaporator.
This reduced aminated product was dissolved in 150 ml of 40-60
15 pet ether and extracted with three 150 ml aliquots of distilled
water to remove unreacted sodium borohydride and residual unreacted
dimethylaminopropylamine. The addition of 10 ml of n-butanol was
necessary at each stage of this extraction to break down emulsions.
The recovered organic layer was dried with anhydrous magnesium
20 sulphate, filtered and then the pet ether and n-butanol was removed
on a rotary evaporator.
The basic nitrogen content was 1.01% and the total nitrogen
content was 1.07%.
The product from Example 15(b) was tested in the Opel Kadett
25 Test. 500ppm of an additive comprising 50% w/w of product from
Example 15(b) and 50% w/w of A260 solvent was added to a base fuel.
The base fuel and base fuel containing the additive were tested and

the results are given in Table I.

e m e

30 T
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state into the | ower part of one of the zones. The foregoing is
nmerely illustrative of one suitable node of 5 operation. There are
many ot her ways of practising the process of t he inventi on.
It is preferred to add to the pol yether before oxidation a portion of
a polyether oxidate. This can lead to EQQ advant age t hat the initial
oxidation rate may be increased. 10 The product resulting fromthe
process conprises a ketone derivative of forrmula (I) but may al so
conprise ester derivatives of t he polyether. Typically, oxidation
usi ng a nol ecul ar oxygen-cont ai ni ng gas of a pol ybutyl ene oxi de
derived fromthe base cat al ysed pSiBideEj sation of butyl ene oxide with
dodecyl phenol 15 -produces an ethyl ketone derivative, a fornate ester
derivative and a—pr-op-onrat-e—ester—dervatre—ef—thle—potyether—
Oxi dation of a simlar polynmer in wivehadeutilakae Qqxi deversge &placedl by
pr opyl ene bxi de prodamgae a fornatle ewites Ddpssicat i e, Marindetite es$ter
5

Base Fuel Containing 110 mg/valve 8.9
500ppm of additive#*

Base Fuel (no additive) 487 mpg/valve 7.4
10
% Additive Composition : 50% w/w Product of Example 15(b),
50% w/w A260 Solvent
15
This Sheet Has Been Replliced
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derivative and a met hyl ketone derivative of the polyether. In 20
addition to the chem cal functionalisation of the pol yether physical

degradati on occurs. Where a nol ecul ar oxygen-containing gas is
used it is preferred that there is added to the polyether a sol uble
transition netal conpound. 25 It has been obseryed thaj ipere
IS a mninum tenperature at whi ch nol ecul ar oxygen uptake occurg ch
t enper at ure depends anongst other factors on the nature of the
pol yether. It has been found that for any particul ar pol yether the
m ni num t enper at ur e required for oxygen uptake to occur can be reduced
by the addition 30 of a soluble transition netal conpound. Moreover,
addition of the - transition nmetal conpound can al so increase the
overal | conversion of the oxidation reaction under identical
condi tions. Suitably the transition nmetal of the transition neta
conpound :

CLAIMS 11N

1. A compound of the formula (I) ”l'"'”"l"l'l”"'"’”lﬂ

* ¢ L M § *
il
X[CHyCHR10],CH,CR2 (1)

where X is a group derived from a nucleophile; Rl is alkyl or
5 aryl; R? is alkyl or aryl, m is a number from 1 to 40; when mdl},
each [CHZCHRIO] unit is the same or different provided that when rl
is H, the [CH3CH30] units comprise no more than 50% by weight of the
total number of [CHZCHRIO] units.
2. A compound as claimed in claim 1 wherein X is OH, SH, 0R3, SR3,
10 -NR4R5 or an alkanoate, where R3 is a hydrocarbyl group and R* and
R are independently hydrogen or a hydrocarbyl group.
3. A compound as claimed in either claim 1 or claim 2 wherein Rl
is methyl or ethyl.
4, A process for the preparation of a compound of formula (I) as
15 claimed in any one of claims 1 to 3 comprising oxidising a compound
of the formula II
X[ CHyCHR10],,CH, CHRZ (OH) (11)
vhere X, Rl, R? and m are all as defined in claim 1 provided that
when Rl is H, the [CH2CH90] units comprise no more than 50% by
20 weight of the total number of [CHyCHRIO] units.
5. A process as claimed in claim 4 wherein a compound of the
formula II is oxidised by treatment with dichromate.
6. A process as claimed in claim 5 wherein the process is carried
out at a temperature in the range 25 to 100°C.

25 7. A process as claimed in claim 4 wherein a compound of the

- 18 - et
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smay "be for exanple copper, chrom urn‘ cobalt or iron. Suitably the 35

tonmpound may be a salt or a conpl ex of the transition netal. It is

-7- believed that it is principally the netallic miety of the
conpounds whi ch influences its catalytic effec ather than th
non-metal | ic noi ety. A suitable mejgl- corrpou ([”mi” ,'mﬁﬁ'ml”cet onat e
conpl ex of

formula II is oxidised by catalytic dehydrogenation.

8.. A process as claimed in claim 4 wherein a compound of the
formula II is oxidised by treatment with a molecular oxygen
containing gas.

5 9. A process for the production of an additive suitable for
incorporation into a lubricating oil or fuel comprising reacting a
compound of formula II as claimed in claim 1 with an aliphatic
polyamine.

10. A process as claimed in claim 9 wherein the ratio of polyamine

10 to compound of formula II is in the range 0.2 to 2.5:1.

11. A process as claimed in either claim 9 or claim 10 wherein the
polyamine is of the general formula

NHz(CHQ)q[NH(CHz)q]rNHZ
where q is an integer from Z to 4 and r is 0 or an integer from 1 to

15 10.

12, A process as claimed in claim 11 wherein the polyamine is
diethylene triamine.

13. A process as claimed in any one of claims 9 to 12 wherein the
additive is hydrogenated in a further step.

20 14. A fuel composition comprising a major proportion of a fuel and
a minor amount of an additive prepared by a process as claimed in

any one of claims 9 to 13.
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the netal. 5 Oxi dation conditions conprise an el evated
tenperature, suitably in the range from50 to 150[err] C and eit her

at nospheri c, subat nospheric or superatnospheric pressure. Wthin the
af oresai d tenperature range, for each polyether there is a critica

t enper ature bel ow whi ch oxidation does not appear to Qfdedfises(hy is
well within the 10 ordinary skill in the art to determne this

t enper at ur e. Preferably the polyether is in the |iquid phase.

Usi ng pol yet hers of a nol ecul ar wei ght such that they are |iquid under
t he oxi dation conditions the |iquid phase nmay be provided by the
liquid pol yet her. Pol yethers which are solid under the oxidation 15
conditions may suitably be used in the formof either a dispersion or
a solution in a suitable high-boiling liquid which is inert under t he
oxi dation conditions. Liquid polyethers too, if desired, may be used
as either a dispersion or a solution.

ABSTRACT

OXIDATION OF POLYETHERS

Novel compounds of the formula (I)
0
X[CHZCHRIO]mCHzng (1)
are prepared by oxidising compounds of the formula II
X[ CHyCHR10],CH, CHR? ( OH) (11)
where X a group derived from a nucleophile; Rl is H alkyl or aryl;
R? is alkyl or aryl; m is a number from 1 to 40.

Oxidation can be effected by chemical oxidation (e.g.
dichromate treatment), catalytic dehydrogenation or treatment with
molecular oxygen. Additive suitable for use in lubricating oils or
fuels, can be prepared by reaction of compounds of formula (I) with
polyamines., These additives are preferably further subjected to
hydrogenation before use.

Fuel composition comprising these additives are described.
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94
The production of an additive suitable,for incorporation into a 20
| ubricating oil or fuel preferably conprises reacting a
ket o-functi onal i sed pol yet her obtained by a process as hereinbefore
described with an aliphatic polyam ne enploying a nole ratio of
pol yam ne to pol yether of fromabout Q. 2 to about 2.5 noles of
pol yam ne per nole of the pol yether t /%brn1an am nat ed pol yether 25

product . . The oxidation product may be used wi t hout any
i nt erveni ng purification as the keto-functionalised polyether
starting materi al for the am nation process. The aliphatic pol yam ne
may suitably be an al kyl ene pol yam ne having the general fornula
(rv)y: 30
NH err] (CH err])[err]- [NH(CH[err])[err]]rNH|err] (1v)
wherein q is an integer from2 to 4 and r i$ eger from1l
to 10. Specific conmpounds falling within the afofdsai formula (1V)
i ncl ude et hyl ene di am ne, diethylene triam pe,

N

g \

12

i e .
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, : : Ab0%4-
triethylene tetramne, tetraethyl ene pentam ne, propylene diam ne, 35;PQ58 ©

dlpropylgnetrlan1ne and the like. A preferred al kyl ene pol yam ne
-8- ® - ¢ is diethylene triam ne. Al ternatively, the“polyan¥ﬁe~* .
may be of the formula (V): [err] ‘ : !

-1 -

OXIDATION OF POLYETHERS

The present invention relates to oxidised polyethers having
keto-carbonyl functional groups, and processes for their production.
Oxidised polymers, that is polymers having oxygen-containing
5 functional groups, and in particular keto-carbonyl functional
groups, are potentially valuable industrial products because they
are readily convertible by reaction of the oxidised moieties
associated therewith to products useful, amongst other applications,
as fuel and lubricating oil additives, for example as dispersants,
10 and detergents. Perhaps the most reported polymer oxidation is that
of the polyolefins, for example polyisobutene and polyethylene.
The oxidation and subsequent amination of polyisobutenes has
been described in the patent literature in, for example, US Patent
No. 3,931,024, which discloses that a highly effective dispersant
15 for a lubricating oil or a fuel can be prepared by the noncatalysed
air-oxidation of a polyolefin or of a halogenated polyolefin to form
an oxygen-containing material., This material is then reacted with
an aliphatic polyamine under conditions that cause the formation of
an addition product which differs chemically from the Schiff bases

20 of the prior art.

In GB-A-959362 there is described the oxidation of polyethylene
2 waxes.
Our copending European application publication No. 0271261

discloses a process for the production of an oxidised polyisobutene

25 which process comprises passing through a column of the
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wherein R err] and R err] are independently hydrogen or Ekgﬂl gr@ups‘,
for example a Cferr]-Clerr] alkyl group preferably net hyl,g eII:lyLMo.L pr.opyl_

and s is an integer from1l to 6, preferably 2 to 4. - ___Amsuytable; %
pol yam ne of the aforesaid forrmula (V) is 10 I P A A 0L > §
Me[err]N(CH err])[err]NH err]. Further details @f thgwamnatlon; ,
process may be found in US Pat ent No. 3,931, 024. Typi cat Iy, tThRE™ ;
tenperature of the am nation reaction may be in the nange from.60.10.. .
250[err]C. 15 It is preferred to hydrogenate the am nati on product

rogen tion is desirable primarily to
gg];\c/)tra(rat e i mne gﬂl %q%e énﬁ%ntgwe g gff?ﬁerfburﬁnﬂlé‘ge rﬁgrfcﬁ@n]af‘tol bh may
suitably be accOfdI'fsinddabyatmésphesicanpledevitieaatarant praistiirean mdleatiar _
metal bor ohydr i dgy, w&g%@%g 0 gl fNak o AL 8LY; NG 20, Qi gt on

product may be reacted ormc ac ve the
am nati on productitres epe B¢asurehiat ytheyepeggbingt pokssure. suitably using as

catal yst a support edrier aiafdafth&ﬁoﬁ%qtbmerer@&n‘%aﬁbiln)é ~0- bofsSYRALE £, LAt i num
group retal, forchea):fr?rrlpsl ?e sachr?mcciJInuszagEn%gLtpeatex?tn publication J6 2198 641
describes the preparation of a carboxylic acid salt by oxidising a
compound of the formula RO(ethylene oxide),H with oxygen in an
aqueous solvent at a pH above 7, a temperature of 30 to 100°C and a
10 pressure of below 10 atmospheres in the presence of a catalyst
consisting of (i) Pt and/or Pd, with (ii) Se, Te, Sb, Sn, Bi and/or
Pb, the atomic ratio of (ii) to (i) being 0.01-2.0.
It has now been found that polyethers can be oxidised to
produce a polyether having keto-carbonyl functional groups which is
15 convertible by reaction of the keto-carbonyl groups to an additive
suitable for lubricating oil and fuel compositions.
According to the present invention there is provided a process
for the preparation of a compound of the formula I
0
20 X[ CHoCHR10];CH, A g2 (1)
where X is a group derived from a nucleophile, Rl is H, alkyl or
aryl, R? is alkyl or aryl, m is a number from 1 to 40; when m)l,
each [CHZCHR10] unit is the same or different,
which process comprises oxidising a compound of the formula (11)
25 X[ CHyCHR10],CH)CHRZ (OH) (11)
vhere X, Rl, R2 and m are all as defined above provided that where
R! is H, the [CHpCHy0] units comprise no more than 50% by weight of
the total number of [CHyCHR!O] units.
The compounds of formula (I) are novel and can be used as
30 intermediates in the preparation of functionalised polyethers
suitable for use as lubricating oil or fuel additives.
Thus according to a further aspect of the present invention
thefe is provided a compound of the formula (I)
0
35 x[cHycHRIO), CHy EI_RZ (1)
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carbon or alum na. Qher hydrogenation techniques known in.the. art..2 ngyw
al so be used. The present invention also provides a finished:
| ubricating oil conposi tion conprising a najor proportion iof—a-

i
| ubricating oil and a M nor proportion of an additive as | ! here$nbatore i
described. Such a lubricating oil conposition will typlcally”Cohprlse[
0.1 to 10%v w of the additive, preferably 0.5 to 30 7, nore_prefecably.1 |
to 6% w. The lubricating oil may suitably be any oi | of j
| ubri cating viscosity and may be either natural or synthetie:- -
In a further embodi ment the jnvention also provides a fuel conposi tion

conprising a maj ®eHrdpdeid ab“f myafqdf defdned APeYSr PRIy idpd Shat thsre & ithe
addi tive prepar ed, et (U8, PHMIE6S5 t3ScIMBE I eNREBES than 50% by weight of the

total number of [CH2CHR10] units.
The group X in compounds of formula (I) and compounds of

5 formula (II) is a group derived from a nucleophile. X can suitably
be -OH, -SH, -OR3, -SR3 (where R3 = hydrocarbyl, for example alkyl,
alkenyl, aryl, alkaryl or aralkyl preferably alkaryl; where R3 is an
alkyl group it is suitably a C;-Cgg alkyl, preferably C1-C3g more
preferably C;-Cop), -NR4R5 (where R4, R are independently H, or

10 hydrocarbyl group, preferably a C;-Cyg more preferably €1-Cy1p alkyl
group for example methyl or ethyl) or alkanoate (for example,
acetate). The group X is preferably an alkyl substituted phenate
group for example dodecylphenate -0CgH,(CjoHss).

In the formulae I and II, Rl and RZ are independently alkyl or

15 aryl alternatively Rl can be H; where R! or RZ is an alkyl group it
is suitably a C)-C3gp alkyl group preferably C1-C9p more preferably
C1-Cjp suitably C)-C3 for example methyl or ethyl; where Rl or R? is
an aryl group it is preferably phenyl. R! and R2 can be the same or
different, preferably the same. m in the formulae I and II is a

20 number from 1 to 40, preferably 10 to 30 more preferably 15 to 25.
Although each molecule will have an integral value of m, any
compound of the present invention will comprise molecules of varying
sizes and values of m, therefore m may have a value that is not an
integer.- Compounds of the formula I and II comprise a backbone of

25 units of the formula [CHZCHRIO] where each of the units are the same
or different. Where the units are different, the backbone may
contain two or more different types of [CH2CHR10] units. Where R!
is hydrogen, the [CH3CH0] units comprise no more than 50% by weight
of the compound, preferably no more than 30% more preferably no more

30 than 15%.

The starting material for the process of the present invention
is a compound of formula (II) and is preferably a polyether obtained
by-the anionic polymerisation of alkylene or aryl-alkylene epoxide
injtiated by a suitable nucleophile. Polyethers which may be used

35 in the process of the invention are the polyalkylene polyethers, and
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described. Such a fuel conposition will typically conprise
5-5,000ppm preferably 50-1,000 ppm (by weight) of the aﬁdi
The ‘fuel may suitably be an internal conmbustion engine fuel.
preferred fuel is one suitable for use in spark |gn|t|on*eng|n§$415iﬁg for
exanpl e a notor gasoline. Alternatively, sthe fuel may be a fue !
suitable for use in conpression ignition engines, for ex nﬁhema o
di esel fuel. The invention will now be further jillustrated by

reference to the follow ng Exanpl es and the acconpanytng Figlre mhlch

takes the 10 fﬁﬁfy giyfisuL§¥¥%uté% dlkylene polyethers, for example polypropylene

oxide, polybutylene oxide, and polystyrene oxide. Alternatively,
the polyethers may comprise two or more different oxyalkylene units
for example a mixed polyethylene oxide/polypropylene oxide based

5 polyether. Types of polyether which may be used in the process of
the invention are, for example polyether amines (X = NR4R5) or
polyether polyols (X = OH). Examples of suitable polyethers useful

in the process of the invention are thdse having the formula:-
10 Cio Hyg 0 — (alkylene-O)jH (111)

wherein the alkylene group is propylene or butylene and n is an
integer having a value of about 25. Polyethers of the formula (III)
are commercially available.

15 The oxidation of the polyether may be accomplished in a variety
of ways, for example by treatment with dichromate, potassium
permanganate, silver (I) complexes (e.g. Tollens reagent) copper,
(I) or (II) complexes (e.g. Fehlings reagent) or a peroxide or
hydroperoxide (e.g. Hp03) preferably by treatment with dichromate.

20 Where dichromate is used- it is preferably used as chromic
acid. The dichromate to polyether molar ratio is preferably in the
range l:1 to 4:1, more preferably 1.5:1 to 2.5:1 for example 2:1l.
Where chromate is used as an oxidant, the reaction temperature is
preferably in the range 25 - 100°C, more preferably in the range

25 35 - 65°C.

The oxidation can also be carried out by catalytic
dehydrogenation using supported metal oxide e.g. copper-chromium
oxides on celite. Alternatively, the oxidation can be carried out
using a molecular oxygen-containing gas.

30 Vhere a molecular oxygen-containing gas is used it should be of
a composition such as to remain outside the explosive limits of any
light hydrocarbons formed during the oxidation. A suitable
moiecular oxygen-containing gas for this purpose is oxygen diluted
with inert gas, for example nitrogen. Suitably in such a mixture

35 the oxygen concentration is in the range from 2 to 20% by volume.
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The plant used in exanples 1-14 conprises an inlet (1) fitted.
' cénnettm"’

silica gel drying colum (2) and a rotaneter (3) which is i -
to the reactor (4) via a punp (5). The punp (5) can be : bywpa'ssed By
means of a flow control valve (6). A nercury blow off 15 ';(4( 7) o smfflgt\t'ed’

§
I n between the punp (5) and reactor (4). - $he reactor ) ¥9 “Nttéd g
with a eurotherm heatcontroller (8) attached to a t herjndcoupl.e.£-9)mem?
Gaseous conponents can be vented from an outl et (10) tlrough a
catch-pot (11) fitted with a condenser (12) and two col-d-t-r-aps -(-13,"

14) to a large- bo;:{i?6§1?r&tt£%%$t%olgéul§“o yﬁg c\ég%x.n?r?‘gn g%%eﬁ:ga)g EECX:Cl ed t hr Oth

t he oxygen neter I nes are xcept ° 8¥°% he dry
air line fromthesubjestntpethe aforementiongheretiznt Shoiw prafdrired Riogtreychamy be

operated in eithehe0fadedls oxldant\A@Y&raﬁangFLOc%ouﬁh the pg!l)megn%ﬁlcg th(igg?h
Operatlon Ai.r is taken in th rough the silica

(2) and thereaft et hrRFgArtiRE fotherevalilably °xygen maY be absorbed per pass

5 through the column of reactant.

The oxidation using a molecular oxygen-containing gas may
suitably be.accomplished by passing the gas through a liquid column
of the polyether maintained at a tempetature in the range from 50 to
'150°C. The liquid column of polymer may suitably be contained

10 within a tubular reactor. A preferred form of tubular reactor is a
draft tube reactor, i.e. a reactor which comprises a closed vessel
having at least one inlet and at least one outlet, a partition
dividing the vessel into two zones which intercommunicate above and
below the partition and means for admitting gas in a finely divided

15 state into the lower part of one of the zones.

The foregoing is merely illustrative of one suitable mode of
operation. There are many other ways of practising the process of
the invention. -

It is preferred to add to the polyether before oxidation a

20 portion of a polyether oxidate. This can lead to the aﬁvantage that
the initial oxidation rate may be increased.

The product resulting from the process of the present invention
comprises a ketone derivative of formula (I) but may also comprise
ester derivatives of the polyether. Typically, oxidation using a

25 molecular oxygen-containing gas of a polybutylene oxide derived from
the base catalysed polymerisation of butylene oxide with
dodecylphenol produces an ethyl ketone derivative, a formate ester
derivative and a propionate ester derivative of the polyether.
Oxjdation of a similar polymer in which butylene oxide is replaced

30 by prop&lene oxide produces a formate ester derivative, an acetate
ester derivative and a methyl ketone derivative of the polyether.

In addition to the chemical functionalisation of the polyether
physical degradation occurs.

Where a molecular oxygen-containing gas is used it is preferred

35 that there is added to the polyether a soluble transition metal
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bef ore bei ng punped through the reactor (4) and traps (13,

and exiting out

4.',. e ' LT
of the vent (15) before the oxygen neter (1éiw;Mm*m1L44*

H

recycl e operation:- The systemis filled up with all >valves open. Th
vent (15) and inlet (1) are then closed off and 30 air ii s cfHddbatied

t hrough the oxygen neter (16). It is theéefore p055|dle to nonitor)
oxygen depl etion versus tinme for a specific flow ratje. T

Preparation of polyether having keto-carbonyl functional dgroups
Preparation 1 35

t he base

10

15

20

25

30

35

%
e
N
§
l
\
i

,t'

e = e

compound,

It has been observed that there is a minimum temperature at
which molecular oxygen uptake occurs, which temperature depends
amongst other factors on the nature of the polyether. It has been
found that for any particular polyether the minimum temperature
required for oxygen uptake to occur can be reduced by the addition
of a soluble transition metal compound. Moreover, addition of the
transition metal compound can also increase the overall conversion
of the oxidation reaction under identical conditions.

Suitably the transition metal of the transition metal compound
may be for example copper, chromium, cobalt or iron. Suitably the
compound may be a salt or a complex of the transition metal. It is
believed that it is principally the metallic moiety of the compounds
which influences its catalytic effect, rather than the non-metallic
moiety. A suitable metal compound is the acetylacetonate complex of
the metal.

Oxidation conditions comprise an elevated temperature, suitably
in the range from 50 to 150°C and either atmospheric, subatmospheric
or superatmospheric pressure. Within the aforesaid temperature
range, for each polyether there is a critical temperature below
which oxidation does not appear to occur. It is well within the
ordinary skill in the art to determine this temperature.

Preferably the polyether is in the liquid phase. Using
polyethers of a molecular weight such that they are liquid under the
oxidation conditions the liquid phase may be provided by the liquid
polyether. ©Polyethers which are solid under the oxidation
conditions may suitably be used in the form of either a dispersion
or a solution in a suitable high-boiling liquid which is inert under
the oxidation conditions. Liquid polyethers too, if desired, may be
used as either a dispersion or a solution.

In another aspect the present invention provides a process for
the production of an additive suitable for incorporation into a
lubficating 0il or fuel which process comprises reacting a
keto-functionalised polyether obtained by the process as

hereinbefore described with an aliphatic polyamine employing a mole
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246. 7g of PCl1362 (a pol ybutyl ene oxide derived from



-10- cat al ysed pol ynerisation of an average of 25 nDIes of

i

H i
butyl ene oxi de wi th dodecyl phenol ) was wei ghed i nto the:oxidation % :
reactor. 'The air punp was switched on and nitrogen M@s*punped th%eudh‘
the systemin t he once-through operation node. The reactor t'ube wasi 1
heated up to 5 125[err] C and then air -was sparged throth the-systenmat
arate of 372 litres/hour for 3 hours. (This flom/rane was used for_,i
all 35 subsequent oxidation reactions.) Less—ttran~0.5g of
| ow nol ecul ar wei ght condensate was col | ected in the cold traps. 10

The product was tJa@E‘éfo%rE&@a&ﬂzeat§op%%e§1ege§é(fEQM@qo@ptOt.Qr@:dabout 2.5 moles

of polyamine per mole of the polyether to form an aminated polyether

product.

The oxidation product may be used without any intervening

5 purification as the keto-functionalised polyether starting material
for the amination process. The aliphatic polyamine may
suitably be an alkylene polyamine having the general formula:

NHj (CHp ) o~ [NH(CHj ) g1 NHj
wherein q is an integer from 2 to 4 and r is zero or an integer from
10 1 to 10. Specific compounds falling within the aforesaid formula
include éthylene diamine, diethylene triamine, triethylene
tetramine, tetraethylene pentamine, propylene diamine,
dipropylenetriamine, and the like. A preferred alkylene polyamine
is diethylene triamine.
15 Alternatively, the polyamine may be of the formula:
Rl
N ( alkylene )g NHp
Rr2
wherein Rl and R? are independently hydrogen or alkyl groups
20 for example a Cy-Cjg alkyl group preferably methyl ethyl or propyl
and s is an integer from 1 to 6 preferably 2 to 4.

A suitable polyamine of the aforesaid formula is MeoN(CHj)3NHj.

Further details of the amination process may be found in US
Patent No. 3,931,024, the disclosure of which is incorporated herein

25 by reference. Typically, the temperature of the amination reaction
may be in the range from 60 to 250°C.

It is preferred to hydrogenate the amination product before use
as an additive. Hydrogenation is desirable primarily to convert
imines in the amination product to amines. Hydrogenation may

30 suitably be accomplished by, for example, treatment with an alkali
metal borohydride, eg sodium borohydride. Alternatively, the
amination product may be reacted with formic acid. In a further
alternative the amination product may be catalytically hydrogenated,
suitably using as catalyst a supported transition metal, preferably

35 a supported platinum group metal, for example palladium supported on
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flask in which it was vacuum stripped at 150[err]C for 30 m

renmove any |l ow boiling fractions. Preparation 2 of*
PC1362 was oxi di sed under identical conditions to 15 t hos npl oyed in 77|
Preparation 1 except that air was sparged through t he e% e%lmté} ye@*ﬁer‘
for 6 hours. 11.9g of low nol ecu ar wei ght condensatie_was b
collected in the cold traps. The product vvafs VaCUUM ™=t
stripped as per Preparation 1. 20 Anal ytical Data for Prepa¥at_um,s 1 and ;"
2 The infra red spectra of both Preparations showed a carbonyl ™

absorbance centred at _1728 cpjerr] n pr n °C
I ntensity of the absor pahce %‘é‘“‘é‘l roﬁ%hgf l?ysd? %ﬁnégégajcg%lﬂugﬁmwn r%a t&'gtl ng

a greater degreeaof myi akol bn.usé. TRelprPenteitveohiGhebsmPoeridphye Dat a
SAMPLE y@nished lubr§@!ting oil cJM%%quion comprising a major proportion
of a lubricating oil and a minor proportion of an additive as

5 hereinbefore described. Such a lubricating oil composition will
typically comprise 0.1 to 10%w/w of the additive, preferably 0.5 to
7 more preferably 1 to 6%w/w.

The lubricating oil may suitably be any oil of lubricating
viscosity and may be either natural or synthetic.

10 In a further embodiment the invention also provides a fuel
composition comprising a major proportion of a fuel and a minor
proportion of the additive prepared by the process as hereinbefore
described. Such a fuel composition will typically comprise
5-5,000ppm, preferably 50-1,000 ppm (by weight) of the additive.

15 The fuel may suitably be an internal combustion engine fuel. A
preferred fuel is one suitable for use in spark ignition engines,
for example a motor gasoline. Alternatively, the fuel may be a fuel
suitable for use in compression ignition engines, for example a
diesel fuel.

20 The invention will now be further illustrated by reference to
the following Examples and the accompanying Figure which takes the
form of a flowsheet.

The plant used in examples 1-14 comprises an inlet (1) fitted
with a silica gel drying column (2) and a rotameter (3) which is

25 connected to the reactor (4) via a pump (5). The pump (5) can be
by-passed by means of a flow control valve (6). A mercury blow off
(7) is fitted in between the pump (5) and reactor (4). The reactor
(4) is fitted with a eurotherm heatcontroller (8) attached to a
thermocouple (9). Gaseous components can be vented from an outlet

30 (10) through a catch-pot (11) fitted with a condenser (12) and two
cold traps (13, 14) to a large-bore vent (15) or alternatively can
be recycled through the oxygen meter (16). All lines are made of
PTFE except for the dry air line from the rotameter.

The plant shown in the Figure may be operated in either of two

35 ways as follows:-
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1.

1950 2210 1.1 30 Prepar atron, 1
1 Preparation 2 960 1430 { fﬁ}ﬁ

(i) once-through operation:- Air is taken in through the silica gel
drying column (2) and thereafter through the rotameter (3)
before being pumped through the reactor (4) and traps (13, 14)
and exiting out of the vent (15) before the oxygen meter (16).

(ii) recycle operation:- the system is filled up with all

valves open. The vent (15) and inlet (1) are then closed off and

air is circulated through the oxygen meter (16). It is therefore
possible to monitor oxygen depletion versus time for a specific flow
rate.

Example 1
246.7g of PCl1362 (a polybutylene oxide derived from the base

catalysed polymerisation of an average of 25 moles of butylene oxide

with dodecylphenol) was weighed into the oxidation reactor. The air
pump was switched on and nitrogen was pumped through the system in
the once-through operation mode. The reactor tube was heated up to

125°C and then air was sparged through the system at a rate of 372

litres/hour for 3 hours. (This flow rate was used for all 35

subsequent oxidation reactions.)

Less than 0.5g of low molecular weight condensate was collected
in the cold traps.

The product was transferred to a 500ml 3 neck round bottomed
flask in which it was vacuum stripped at 150°C for 30 minutes to
remove any low boiling fractions.

Example 2
233.7g of PCl1362 was oxidised under identical conditions to

those employed in Example 1 except that air was sparged through the

heated polyeﬁher for 6 hours.

11.9g of low molecular weight condensate was collected in the
cold traps.

The product was vacuum stripped as per Example 1.

Analytical Data for Examples 1 and 2

The infra red spectra of both Examples showed a carbonyl
absorbance centred at 1728 em~! not present in PCl362. the
intensity of the absorbance was stronger for Example 2, indicating

a greater degree of oxidation.
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[err]H Nucl ear Magnetic Resonance Data SAMPLE

SELECTI VI TI ES % CONVERSI ON 5 n
Forfrate -~ Propionate Ketone  Ester g
Preparation 1 35 45 20 15 Prepar ati oﬁ
2 37 39 25 - 10104 10 Pt

H

el Permeation Chromatography Data

o —

SAMPLE Mn Mw Mw/Mn
5 PC1362 1950 2210 1.1

Example 1 1620 1810 1.1

Example 2 960 1430 1.5

¥ Nuclear Magnetic Resonance Data

10
SAMPLE % SELECTIVITIES %Z CONVERSION
Ethyl Formate Propionate
Ketone Ester Ester
15
Example 1 35 45 20 15
Example 2 37 39 25 104

The conversion figure for Example 2 implies that more than one
20 oxidative attack per polymer molecule has occurred.
Example 3
220g of the product from Example 2 was stirred with 33.7g of
dimethylaminopropylamine in a 500 ml round bottomed flask fitted
with thermowell, overhead stirrer and Dean-Stark trap with
25 condenser. The mixture was stirred at ambient temperature for one
hour during which the colour changed from pale green to amber. This
colour change ‘is attributable to the formation of amine oxides from
hydroperoxides present within the oxidate. 120 ml of toluene was
added to the flask and the mixture was refluxed for a further two
30 hours, with any water produced in the reaction being collected in
the Dean-Stark trap.
The product was vacuum stripped at 130°C for one hour to remove
the toluene and any unreacted amine.
The infra red spectrum of this material showed the

35 disappearance of the oxidate carbonyl peak at 1728 em~! and the
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The conversion figure for Preparation 2 inplies that nore tha e O
oxi dative attack per polyner nol ecul e has occurred. Pr g érafq‘o“. 3
The feactor tube was filled with 237.0g of PC1572 (which is the 15
pol ypropyl ene oxi de anal ogue of PCl362 i.e. dodecyl phenol and 25
nol es of propyl ene oxide). The reactor tubg was heated to 100[ @rrlj '
whi | st sparging with nitrogen in the once-through node. The $y§tem~w e MRS, LG
then filled with air and switched to recycle operation. The iv oxygen
tC(r)]ntent of the sy;stlelm was observed to fall from 20%to 2% 20 T WHETEUPOR -«
e systemwas refilled with air yia.th lic be Llet
Anot her three oxygBHATARHF etfi 8n‘¥°8¥ lf"ﬁ%e)s%%‘{ %eg t(:ra'g"lré{rat d679 em Dout. The
total tine for all famne Hegilcehitangenvasnténhaufr shidd3materiahiviagt bel8%2antil ghef
| ow nol ecul ar wei ght. cqndensat e vva%wggll ied The product was

t t
vacuum st ripped a tEGTEF P8R FOYSR0 VAT nuf &% using a 25 ressure of 5.08cm
(2") Hg. 110.0g of the aminated material was dissolved in 100 ml of

5 ethanol and 5.52g of sodium borohydride was stirred in. Some mild
effervescence due to the liberation of hydrogen was observed. The
mixture was stirred for twelve hours at ambient temperature.

This reduced aminate product was dissolved in 100 ml of toluene
and extracted with three 100 ml aliquots of distilled water to

10 remove unreacted sodium borohydride and any water soluble amides.
The addition of 10 ml of n-butanol was necessary at each stage of
this extraction to break down emulsions. The toluene was removed on
a rotary evaporator.

The infra red spectrum of this product showed in the

15 disappearance of all imine and carbonyl absorbances in the 1800-1620
em~1 region.

The basic nitrogen content was 0.53% and the total nitrogen
content was 0.61%.

The product was gasoline soluble at the 10% level.

20 Example 4

The reactor tube was filled with 237.0g of PC1572 (which is the
polypropylene oxide analogue of PC1362 i.e. dodecylphenol and 25
moles of propylene oxide). The reactor tube was heated to io0°C
whilst sparging with nitrogen in the once-through mode. The system

25 was then filled with air and switched to recycle operation. The
oxygen content of the system was observed to fall from 20% to 27
whereupon the system was refilled with air via the silica gel tube
inlet. Another three oxygen depletions of the system were carried
out. The total time for all four depletions was 7 hours 33

30 minutes. 2.l4g of low molecular weight condensate was collected.

The product was vacuum stripped at 150°C for 30 minutes using a
pressure of 2" Hg.
Exémgle 5

The reactor tube was filled with 239.lg of PCl1572 and the

35 procedure used in Example 4 was repeated except that 8 depletions of
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Preparation 4 The reactor tube was filled wth 2.39} 19*’3“0 CLo72., |
and. t he procedure used in Preparation 3 was repeated except that 8 ! ’

3 I

depletions of the oxygen content of the systemfrom 20%t0l 2% wer B350
carried out. The tinme taken for these depletions was 12 hpurs 34 i
m nutes. 5.46g of |ow nol ecul ar wei ght €dadensate was col | ect-ed - ¢
The product was vacuum stripped under the same conditions &s 3
Preparation 3. Preparation 5 35 The reactor tube was TiTIed ™
wi th 237.2g of PC1572 and 12

the oxygen content of the system from 207 to 2% were carried out.

The time taken for these depletions was 12 hours 34 minutes. 5.46g
of low molecular weight condensate was collected.
The product was vacuum stripped under the same conditions as
5 Example 4.
Example 6
The reactor tube was f£illed with 237.2g of PC1572 and 12
depletions of the oxygen content of the' system were carried out in
the same way as Example 4. The time taken for these depletions was
10 29 hours 26 minutes. 11.29g of low molecular weight condensate was
collected.
The product was vaccum stripped under the same conditions as Example
4.
Example 7
15 The reactor tube was filled with 237.7g of PC1572 and 16
depletions of the oxygen content of the system were carried out in
the same way as Example 4. The time taken for these depletions was
30 hours 57 minutes. 14.63g of low molecular weight condensate was
collected.
20 The product was vacuum stripped under the same conditions as
Examplé 4.
Analytical ﬁata for Examples 4 and 7

The infra red spectra of both Examples showed a carbonyl
absorbance centred at 1728 cm‘l, not present in PCl572., The
25 intensity of the absorbance was sequentially greater for examples 4
to 7 indicating an increasing extent of oxidation.

Gel Permeation Chromatography Data

SAMPLE Mn Mw Mw/Mn
30

PC1572 1750 1840 1.0

Example 4 1300 1630 4,2

Example 5 1150 1530 1.3

Example 6 890 1360 1.5
35 Example 7 690 1240 1.8
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- 12 - depl etions of the oxygen content of the smy_'_'_s‘,wtm_,,ez,m...m--r-~e~--~gat‘;f]"éd

out.in | the sane way as Preparation 3. The tine takErl,;rig:fgs@,;&,ﬁéteﬂiégeﬁ.__;i:i_l

depl eti ons was 29 hours 26 minutes. 11.29g of |ow mﬂeeuiarwmgHt !
condensat e was col lected. 5 The product was va(‘.;;uffrlmf;slﬁrﬁgf-@q.pgzgggéurr;del,r
t he same conditions as Preparation 33 - Preparatijon 6 =" 7 [

The reactor tube was filled with 237.7g of PCl572 and 16 ; e e

P

1
Lo !

H
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1H Nuclear Magnetic Resonance Data

SAMPLE % SELECTIVITIES % CONVERSION
5 Formate Acetate Methyl
Ester Ester Ketone
BPC1572 100 0 + 0 3
Example 4 57 16 27 24
10 Example 5 50 19 31 38
Example 6 50 23 27 59
Example 7 51 22 27 68
Example 8 The reactor tube was filled with 257.6g of polyether

15 CP-1 (available from BP Chemicals) which is a glycerol started
polyethylene oxide/polypropylene oxide. The same procedure of
Example 4 was used to oxidise the sample for 6 oxygen depletions of
the system. This took 11 hours 10 minutes and 9.04g of low
molecular weight condensate was collected.

20 The infra red spectra of the product showed a carbonyl
absorbance at 1728 cm~! not present in CP-], This absorbance was of
similar shape to those observed for Examples 4-7.

Gel permeation chromatography showed that Mn had dropped from
4110 to 2060, Mwv had dropped from 4240 to 3100 and the dispersity
25 Mw/Mn had increased from 1.0 to 1.5.
Examples 9-13

Approximately 230g of PCl1362 was weighed into the oxidation
reactor tube along with 1% w/w of a metal acetylacetonate salt. It
was then heated to 80°C with nitrogen circulating through the system

30 before air was admitted, It was then returned to recycle mode and
the temperature was gradually raised until a significant rate of
oxygen uptake was observed on the oxygen meter. Once this
temperature had been recorded the reactor was heated to 125°C
whereupon air was sparged through the reactor in the 'once through’

35 operation mode for 3 hours giving a total reaction time of 3 hours

R e

e

This Sheet Has Been Re, I -

Wil




depl etions of the oxygen content of the systemwere carried jout- ~i~ﬁ‘~_nl@~w
the sane way as Preparation 3. The time taken for these depl etioHg NEH:
was 30 hours 57 minutes. 14.63g of |ow nolecul ar wei ght corjddhsate™
was col | ect ed. The product was vacuum stri pped under] t(hg S@ANBen .
conditions as Preparation 3. 15 Anglytical Data for Priepar att ong' f
to 6 The infra red spectra of all Preparations shgwdd-a-carbonyl !
absorbance centred at 1728 cnferr], not present in PCl572. The

intensity of the absorbance was sequentially greater for Preparatt+ons
3 to 6 indicating_an increasing extent of oxidation. 20 Gel Perneation
Chr omat ogr aphy DAP grinutes.

The metal salts used for Examples 9-12 were Fe(acac)s,
Co(acac)j3, Cu(acac)y and Cr(acac)y respectively. A comparative
uncatalysed experiment (Example 13) was also performed.

5 Analytical Data for Examples 9-13

The infra red spectrum of the product from Examples 9-12 showed
a carbonyl absorbance centred at 1728 em~! which was similar in
profile to those observed in Examples 1-2. The intensity of this
peak decreased in the order Example 9,10,11,12, Example 13 gave no

10 substantial carbonyl peaks.

EXAMPLE| METAL SALT | MINIMUM TEMPERATURE FOR CARBONYL CONTENT
OXYGEN UPTAKE (2 wt/wt acetone
(°c) equivalents)
15
9 Fe(acac)j 80-90 2.15
10 Co(acac)jy 80-85 1.30
11 Cu(acac)y 80 0.82
12 Cr(acac)jy 85-90 0.88
20 13 None 120 0.10

It is evident that Fe(acac)3, Co(acac)3, Cu(acac)y and
Cr(acac)3 all facilitate the oxidation reaction by reducing the
minimum process temperature and increasing the overall ketone yield
25 under identical reaction conditionms.
Example 14
236.3g of PC1362 and 2.38g of Fe(acac)3 were weighed into the
reactor tube and the tube was heated to 60°C under a sparge of
nitrogen. The system was then filled with air which was recycled.
30 A slow uptake of oxygen was observed which became more rapid as the
temperature was raised. Once the temperature had reached 90°C the
polyether was oxidised with air in the once-through mode for 3 hours
giving a total reaction time of 3 hours 20 minutes.
The product showed a similar infra red carbonyl absorption as

35 Example 9 but of less intensity as would be expected. The carbonyl
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SAMPLE Vh Mw Mn Mn PC157 {

1840 _ 1.0 25 Preparation 3 1300 163
Preparation 4 1150 1530 1.3 Prep I‘&Etl
890 1360 1.5 Preparation 6 690 | i i

]
1.8 30 - 15 - I T

content was 1.80% w/w acetone equivalents. This experiment
demonstrates that the presence of Fe(acac)3 enables the oxidation to
be carried out at temperatures as much as 30°C lower than in its
absence.
5 Example 15(a) - Production of Polyether Ketones
200g of the polyether PCl362 (dodecylphenol started

polybutylene oxide -25 moles butylene oxide) was dissolved in 200ml
40-60 petroleum ether in a2 1 litre 3 necked round bottomed flask
fitted with overhead mechanical stirrer, water cooled condenser and
10 pressure equalising dropping funnel. 22.84g (2 fold excess relative
to PC1362) of solid sodium dichromate dihydrate was dissolved in
306ml of 2N sulphuric acid and this solution was charged to the
dropping funnel. With vigorous stirring and under a nitrogen
blanket the dichromate solution was added dropwise to the polyether
15 solution over an interval of 30 minutes. The £flask was then heated
to 45°C with vigorous stirring maintained whereupon the pet ether
refluxed into the condenser. This temperature was maintained for 6
hours before the heat was removed and the flask stirred for a
further 16 hours at ambient temperature. The contents of the flask
20 were poured into a separating funnel and allowed to form two
layers. The lower aqueous layer was run off and the organic layer
was sequentially washed with three equal volume aliquots of
distilled water. The organic layer was shaken with anhydrous
magnesium sulphate to remove residual water, filtered and the pet
25 ether removed on a rotary evaporator. 170.4g of a clear pale green
liguid was recovered.
The lH nmr spectrum of this product revealed the presence of a
CHy adjacent to ketone signal at 2.5 ppm. Integration of this
signal and the aromatic proton signal between 6.5-7.5 pm implied
30 that virtually quantitative conversion to the polyether ketone had
been achieved.
A previous attempt where an equivalence of sodium dichromate
was-used and no heat was applied only achieved 47% conversion.

Example 15(b) - Amination of the Polyether Ketone

35 150g of the product from example 1 was stirred with 13.6g
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(1.5 molar equivalents) of dimethylaminopropylamine in a 500 ml
round bottomed flask fitted with thermowell, overhead stirrer and
Dean-Stark trap with condenser. The mixture was stirred at ambient
temperature for one hour. 120 ml of toluene was added to the flask
and the mixture was refluxed for a further 4 hours, with any water
produced by the reaction being collected in the Dean-Stark trap.

The product was vacuum stripped at 130°C for one hour to remove
the toluene and any unreacted amine.

After cooling a solution of 7.00g sodium borohydride in ethanol
was added to the flask. Some mild effervescence due to the
liberation of hydrogen was observed. The mixture was stirred for
twelve hours at ambient temperature before the ethanol was removed
on a rotary evaporator.

This reduced aminated product was dissolved in 150 ml of 40-60
pet ether and extracted with three 150 ml aliquots of distilled
water to remove unreacted sodium borohydride and residual unreacted
dimethylaminopropylamine. The addition of 10 ml of n-~butanol was
necessary at each stage of this extraction to break down emulsions.
The recovered organic layer was dried with anhydrous magnesium
sulphate, filtered and then the pet ether and n-butanol was removed
on a rotary evaporator.

The basic nitrogen content was 1.01%Z and the total nitrogen
content was 1.07%.

The product from Example 15(b) was tested in the Opel Kadett
Test. 500ppm of an additive comprising 50% w/w of product from
Example 15(b) and 50% w/w of A260 solvent was added to a base fuel.
The base fuel and base fuel containing the additive were tested and

the results are given in Table I.
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Formate . Acetate Met hyl Ester ! .Ester
Ket one PC1572 100 0 o1 '
Preparation 3 57 16 27 24110 @ﬁe‘pair a{*r’on 4
50 19 31 38- 17 -Preparation 5 { 50 .28
27 59 Preparation 6 51 22 i o7 ;
68 Preparation 7 15 The reactor tube was filled w.th 257. 6g-6f-—
pol yet her CP-1 (available fromBP Chem cals) which is a glycerol
started pol yet hyl ene oxi de/ pol ypropyd;gng oxide. The same procedure of
Average Intake Average Valve
Sample Valve Deposit Merit Rating
5
Base Fuel Containing 110 mg/valve 8.9

500ppm of additivex*

Base Fuel (no additive) 487 mg/valve 7.4
10
%* Additive Composition : 50% w/w Product of Example 15(b),
50% w/w A260 Solvent
15 — .
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Preparation 3 was used to oxidise the sanple for 6 oxygen dep;@tlehévc wq;ﬁ

Lot

[
of the system This took 11 hours 10 m nutes and 9. 04g of ﬂomnzonn oy
mol ecul ar wei ght condensate was col | ect ed. The infra red spegi;ai

of the product showed a car bonyl absorbance at 1728 cr{brb] Yo
present in CP-1 Thi s absor bance was of simlar shape,tb those .}
observed for ﬁreparatlons 3 - 6. Gel perneation chronatography

showed that M had dropped from25 4110 to 2060, Mw had dt_pped"LLonL424Q«5

to 3100 and the dispersity MV M had increased from1.0 to 1.5. _
Preparations 8 - 12 Appr oxi matgel y 230g of PC1362 was wei ghed into
t he oxidation reactor tube along with 1% w w of a netal .

acetyl acetonate salt. It 30 was then heated to 80[err]C wi th nitrogen
circulating through the system before air was admitted. It was then
returned to recycle node and the tenperature was gradually raised
until a significant rate of

g

1. A compound of the formula (I)
F
x[cnzcxnlo]mcnzéa2 (1)
where X is a group derived from a nucleophile; R! is alkyl or

5 aryl; R? is alkyl or aryl, m is a number from 1 to 40; when m)l,

each [CHZCHR10] unit is the same or different provided that when Rl

is H, the [CHCH70] units comprise no more than 50% by weight of the

total number of [CH2CHR10] units.

2. A compound as claimed in claim 1 wherein X is OH, SH, 0R3, SR3,
10 -NR4R3 or an alkanoate, where R3 is a hydrocarbyl group and R% and

R are independently hydrogen or a hydrocarbyl group.

3. A compound as claimed in either claim 1 or claim 2 wherein R!

is methyl or ethyl,

4. A process for the preparation of a compound of formula (I) as
15 claimed in any one of claims 1 to 3 comprising oxidising a compound

of the formula II

" X[CHyCHR10],CH,CHR2 (OH) (11)

where X, Rl, RZ and m are all as defined in claim 1 provided that

when Rl is H, the [CH3CH30] units comprise no more than 50% by
20 weight of the total number of [CH2CHR10] units.

5. A process &s claimed in claim 4 wherein a compound of the

formula II is oxidised by treatment with dichromate.

6. A process as claimed in claim 5 wherein the process is carried

out at a temperature in the range 25 to 100°C.

25 7. A process as claimed in claim 4 wherein a compound of the
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oxygen upt ake was observed on the oxygen neter. Once this
had been recorded the reactor was heated to 125[err]C 35]
was sparged through~—Tthe reactor in the 'once through *
operation node for i“hours giving a total reaction tine o

"

formula II is oxidised by catalytic dehydrogenation,

[P

- e i S ekt e

8.. A process as claimed in claim 4 vherein a compound of the
formula II is oxidised by treatment with a molecular oxygen
containing gas.

5 9. A process for the production of an additive suitable for
incorporation into a lubricating oil or fuel comprising reacting a
compound of formula II as claimed in claim 1 with an aliphatic
polyamine.

I0. A process as claimed in claim 9 wherein the ratio of polyamine

10 to compound of formula II is in the range 0.2 to 2.5:1. |
11, A process as claimed in either claim 9 or claim 10 wherein the
polyamine is of the general formula

NH2(CH2)q[NH(CH2)q]rNH2
where g is an integer from 2 to 4 and r is O or an integer from 1 to

15 10.

12. A process as claimed in claim 1l wherein the polyamine is
diethylene triamine.

13, A process as claimed in any one of claims 9 to 12 wherein the
additive is hydrogenated in a further step.

20 14. A fuel composition comprising a major proportion of a fuel and
a minor amount of an additive prepared by a process as claimed in

any one of claims 9 to 13.
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The netal salts used for Preparations 8-11 were Fe(acac) 3, -

Co(acac)[err], Cu(acac)[err] and Cr(acac)3 respectively. ! i%
uncat al ysed experiment (Preparation 12) was al so perforned. - A "‘l
Data for Preparations 8 - 12 The infra red spectrdn19fwgbg st L
product from Preparations 8-11 showed a carbonyl absdrBariéé ‘E&ntited at;
1728 cnferr] which was sim|lar in profile to those cbégrved in_ Pt
Preparations 1-2. The intensity of 10 this peak decredsed in the ‘or der
Preparation 8,9,10 and 11. Preparation 12 gave no substantial_carbanyl]
peaks. PREP. METAL SALT M NI MUM TEMPERATURE FOR  CARBONYL
CONTENT 20 OXYGEN UPTAKE (% wt / wt
acetone 15 . ([err] O

equi val ent s)

ABSTRACT

OXIDATION OF POLYETHERS

Novel compounds of the formula (I)
0
X[CH2CHR10]mCH2gR2 (1)
are prepared by oxidising compounds of the formula II
X[ CHyCHR10),CH,CHR2 (OH) (I1)
where X a group derived from a nucleophile; R! is H alkyl or aryl;
R? is alkyl or aryl; m is a number from 1 to 40,

Oxidation can be effected by chemical oxidation (e.g.
dichromate treatment), catalytic dehydrogenation or treatment with
molecular oxygen. Additive suitable for use in lubricating oils or
fuels, can be prepared by reaction of compounds of formula (I) with
polyamines. These additives are preferably further subjected to
hydrogenation before use.

Fuel composition comprising these additives are described.

No figure




8 Fe(acac) 3 80- 90 2.15

Co(acac) 3 80- 85 1. 30 I 4 |
‘g0 " 0.82 20 11 Cr (acac) 3 L Lo
0. 88 12 None . 120 bt 010
It is evident that Fe(acac)3, Cb(acac)zz Cu(acac) 2 and b lorfpdcaey 37El )
facilitate the oxidation reaction by r Jcing the 25 nihibyﬂLpLQQessﬂwi

tenperature and increasing the overall ketone yield under identi cal ;
reaction conditions. Preparation 13 236. 3g9..0f--PCE362-and™
2.38g of Fe(acac)3 were weighed into the reactor tube and the tube was

heated to 60[err] C under a sparge of 30 nitrogen. The Sﬁsten1mas t hen
filled with air which was recycl ed. ‘ Ve

0
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7
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AMINATED KETO-CARBONYL FUNCTIONALISED POLYETHERS

The present invention relates to a process for the production
of an additive suitable for incorporation into a lubricating oil or
a fuel by the reaction of an aliphatic polyamine with a polymer
having keto-carbonyl functional groups.

Oxidised polymers, that is polymers having oxygen-containing
functional groups, and in particular keto-carbonyl functional
groups, are potentially valuable industrial products because they
are readily convertible by reaction of the oxidised moieties
associated therewith to products useful, amongst other applications,
as fuel and lubricating 6i1 additives, for example as dispersants,
and detergents. Perhaps the most reported polymer oxidation is that
of the polyolefins, for example polyisobutene and polyethylene.

The oxidation and subsequent amination of polyisobutenes has
been described in the patent literature in, for example,.US Patent
No. 3,931,024, which discloses that a highly effective dispersant
for a lubricating oil or a fuel can be prepared by the noncatalysed
air-oxidation of a polyolefin or of a halogenated polyolefin to form
an oxygen-containing material. This material is then reacted with
an aliphatic polyamine under conditions that cause the formation of
an addition product which differs chemically from the Schiff bases
of the prior art.

In GB-A-959362 there is described the oxidation of polyethylene
waxes,

Our copending EP-A-0271261 discloses a process for the

production of an oxidised polyisobutene which process comprises

lenperature was raised. Once the tenperature had reached 90P6FF}GmLhe .
: Dlyether was oxidised with air in the once-through node for { 3RHAKEEY i';f;{
giving a total reaction tinme of 3 hours 20 m nutes. 35 ["Theproduct-
showed a simlar infra red carbonyl absorption as ’ 74 JUi wman ;
- 15 - - v owda, TPV i
|
|
-1 -



Preparation 8 but of less intensity as woul d be expect ed. E
content was 1.80% w w acet one equival ents. This experinent by
denonstrates that the presence of Fe(acac)3 enabl es the oxiidatipn Jé. w3 1
be carried out at tenperatures as nuch _ap 30[err]C lower than inits 5 i [
absence. Preparation 14 200g of the polyether PG&%S?"' o J

(dodecyl phenol started pol ybutyl ene oxi de -25 noles butyl ene oxide). -
was di ssolved in 200m 40-60 petroleumether ina 1 litTe 3 Tecked

round bottoned flask 10 fitted with overhead nmechanical stirrer, water
cool ed condensRAssing throughraegeipme ¥flhe iRSilhiFobrbys Raintained at 222, 84g (2

fold excess raldbk¥gture 1ntheP 828 roRf 1400k b hododi dH gi GREQTRE & dbhydrate
was di ssolved in 306m of 2ZN sul phuric acid and this solution was

charged to thelevatedtosal myefsifiser ROWPEH a7 BT RETiRRG2aPRISUnder a

nitrogen 15 hkl,aaket dha gichiomahee $oLitd0tnMA30 addeds dnofnml St ordihe

pol yet her
5 at the operating pressure.

The oxidation of polymers containing -0- bonds in the backbone
chain is less common. JP-A-2198 641 describes the preparation of a
carboxylic acid salt by oxidising a compound of the formula
RO(ethylene oxide) H with oxygen in an aqueocus solvexnt at a pH above
10 7, a temperature of 30 to 100°C and a pressure of below 10
atmospheres in the presence of a catalyst consisting of (i) Pt
and/or Pd, with (ii) Se, Te, Sb, Sn, Bi and/or Pb, the atomic ratio
of (ii) to (i) being 0.01-2.0.
GB-A-971173 discloses ketonic-ended polyethers of the general
15 formula:-
R R RRl  RrR!
X(((l:HCIJHO)m (éﬁéno)n clmc'=o IR

wherein X stands for a monovalent or polyvalent radical derived from
20 a compound X(KH), in which a is the number of hydrogen atoms reactive
with a cyclic oxide, R stands for hydrogen or a hydrocarbon radical,
R! stands for a hydrocarbon radical, n stands for an integer of at
least one and m stands for zero or an integer. The polyethers may
be prepared by the oxidation of suitable polyethers having secondary
25 hydroxyl end groups.
JP-A-2135224 discloses that polyketones (PAPK) are produced by
the reaction of polyoxyalkylenepolyols containing secondary OH
groups in the molecule with dehydrogenation catalysts.

US-A-3,560,574 discloses compounds of the formula:-
30 ROCh CHO—[—CH CH.]——— CH C 0]
Rl R2 Rl R2 1 pl R2

wherein Rl and R? are hydrogen or an organic radical, which can
include inert substituents, and their preparation by the
trihydrocarbyl phosphine-catalysed reaction of epoxides and

35 monochydric alcohols.



45C with vigorous stirring maintai ned whereupon the pet eth r[ “

|

|
into the condenser. This tenperature was maintained for 6 ! Izao:ur,,lsga befrore f
the heat was renoved and the flask stirred_for a 20" furthert 16 houfs™&t | |
anbi ent tenperature. The contents of the flask wer e pour'ed=—ihAte- s amms - |
separating funnel and allowed to formtwo | ayers. The |l ower agueous l
| ayer was run off and the organic |ayer was sequenti al W“Was*hed’w 1 i e
three equal volunme aliquots of distilled water. The organic | ayer was

shaken with anhydr otfs h2§ navageessifoyndstihathat eolivethembeuineketduatrbaatler
filtered and tRgnPeional gro%tpgefs Eﬁ@&‘@&ﬂnbﬁéfe‘%@{&ﬁ %\fa&g_l%ttgrcarb%r] . 49 Of_

a clear pale green iquid was recovere [err]H nnr
spect rum of thB§opRDHARER ?"e@ébﬂ*’e’lélq relynndserice apfadditive suigdbee ipradj acent

to ketone si gnqhbgica&lﬁ PP and rﬂlgg Sﬁ&QtPJnst his 30 signal and the
aromatic proton signal Eetvveen pm i nplied that virtually

quantitative conver’§ic8Rdins Fﬂe”’ﬁbPSFéFWermRé‘t'Gﬁé thate is provided a process

for the production of an additive suitable for incorporation into a
lubricating oil or a fuel which process comprises reacting an
aliphatic polyamine with a compound of the formula (I):-

0

10 x[cn2CHalo]mCHzgR2 _ (1)
wherein X is a group derived from a nucleophile;
Rl is hydrogen, alkyl or aryl;

RZ is alkyl or aryl;
m is a number from 1 to 40; and

15 when m is greater than oze each [CH20HR10] unit is the same or
different provided that when Rl is hydrogen the [CHjCH0] units
comprise no more than 507 by weight of the total number of
[cHyCHRIO] units.

The group X in the compounds of formula (I) is a group

20 derived from a nucleophile. X can suitably be -0H, -SH, —0R3, -SR3
{where R3 = hydrocarbyl, for example alkyl, alkenyl, aryl, alkaryl
or aralkyl, preferably alkaryl; where R3 is an all kyl group it is
suitably a C1-Cgsg alkyl, preferably C;-C3qg, more preferably Ci1-C20).,
~NR4R5 (where Rl*, R> are independently H, or a hydrocarbyl group,

25 preferably a C;-Cyp, more preferably C1-Cjp alkyl group, for example
methyl or ethyl) or alkanoate (for example acetate). The group X is
preferably an alkyl substituted phenate group for example
dodecylphenate -0CgH4(CjoHys).

In the formula (I)_> Rl and R? are independently alkyl or aryl.

30 Alternatively Rl can be K. Where R! or R2 is an alkyl group it is
suitably a C)-C3g alkyl group, preferably C)-Cyq, rore preferably
Ci-Cjyp, suitably Cy~C3, for example methyl or ethyl; where R! or RZ
is an aryl group it is preferably phenyl. Rl and R? can be the same
or different, preferably the same. m in the formula I is a number

35 from 1 to 40, preferably 10 to 30, more preferably 15 to 25.



been achi eved. A previdus attenpt where an equival &
di chromat e
conver si on.

pr esent

20

25

30

35

Hoal
was used and no heat was applied only achie e&”&?ﬁ
35 Preparations 1 to 14 are not exanpl es accdrdi ngs
. - 16 - H .‘
-4 - -

Although each molecule will have an integral value of m, any
compound of the present invention will comprise molecules of varying
sizes and values of m, therefore m may have a value that is not an
integer. Compounds of the formula I comprise a backbone of units of
the formula [CHZCHRIO] where each of the units are the same or
different. Where the units are different, the backbone may contain
two or more different types of [CHZCHRIO] units. Where R! is
hydrogen, the [CHyCH70] units comprise no more than 50% by weight of
the compound, preferably no more than 30%Z, more preferably no more than 15%

The compound of formula (I) is preferably obtained by oxidising
a compound of the formula (II):-

X[ CHyCHR10],CH CHR? (OH) (11)
vherein X, Rl, R2 and m are all as defined hereinbefore in relation
to the compound of formula (I), provided that when Rl is H, the
[CHoCH,0] units comprise no more than 50% by weight of the total
number of [CHZCHRIO] units.

The starting material for preparing the compound of formula (I)
is preferably a compound of formula (II) and is preferably a
polyether obtained by the anionic polymerisation of alkylene or
aryl-alkylene epoxide initiated by a suitable nucleophile.
Polyethers which may be used in the process of the invention are the
polyalkylene polyethers, and polyaryl-substituted alkylene
polyethers, for example polypropylene oxide, polybutylene oxide, and
polystyrene oxide. Alternatively, the polyethers may comprise two
or more different oxyalkylene units for example a mixed polyethylene
oxide/polypropylene oxide based polyether. Types of polyether which
may be used in the process of the invention are, for example
polyether amines (X = NR4R3) or polyether polyols (X = OH).
Examples of suitable polyethers useful in the process of the

invention are those having the formula:-
Cy9 Hgs 0 — (alkylene-O),H (I11)

wherein the alkylene group is propylene or butylene and n is an

51

el D son
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invention because the keto-carbonyl functionalised materiall

!

]
further reacted wth an aliphatic pol yam ne. Am nat i !
Pol yet her Ket ones Example 1 5 150g of the produc& £ Eom, .. %
Preparation 1 was stirred with 13. 69 (1.5 nol ar eqU|wa‘entsﬁmvT R
di met hyl am nopropylamne in a 500 M - 5 -round bottoned fﬂagk“fltied Wi t.hi g
thernmowe 11, overhead stirrer and Dean-Stark trap wt :condenser The i
m xture was stirred at anbient tenperature for one Ot 20 kg f e’

tol uene was added to the flask 10 and the m xture was refluxed for a

further 4 _hour‘ﬁe g\get nag"nér a%{.e of abougrfgucﬁglérb%ht gsﬁc,: eRG! %orr‘u ‘ﬁn(:}gﬂ i pped

collected in t wWas - vacu
at 130[err]C hoe mn@ehwllrmmeme

The oxidation of the polyether may be accomplished in a variety
of ways, for example by treatment with dichromate, potassium

5 permanganate, silver (I) complexes (e.g. Tollens reagent), copper
(I) or (II) complexes (e.g. Fehlings reagent) or a peroxide or
hydroperoxide (e.g. Hy07), preferably by treatment with dichromate.

Where dichromate is used it is preferably used as chroaic
acid., The dichromate to polyether molar ratio is preferably in the

10 range'lzl to 4:1, more preferably 1.5:1 to 2.5:1 for example 2:1.
Where chromate is used as an oxidant, the reaction temperature is
preferably in the range 25 - 100°C, more preferably in the range
35 -~ 65°C.

The oxidation can also be carried out by catalytic

15 dehydrogenation using supported metal oxide e.g. copper-chromium
oxides on celite. Alternatively, the oxidation can be carried out
using a molecular oxygen-containing gas.

Where a molecular oxygen-containing gas is used it should be of
a composition such as to remain outside the explosive limits of any

20 light hydrocarbons formed during the oxidation. A suitable
molecular oxygen~containing gas for this purpose is oxygen diluted
with inert gas, for example nitrogen. Suitably in such a mixture
the oxygen concentration is in the range from 2 to 20% by volune.
Air or other molecular oxygen-containing gases may als& be used,

25 subject to the aforementioned proviso. It is preferred to recycle
the gaseous oxidant after passage through the polymer since only a
small proportion of the available oxygen may be absorbed per pass
through the column of reactant. '

The oxidation using a molecular oxygen-containing gas may

30 suitably be accomplished by passing the gas through a liquid column
of the polyether maintained at a temperature in the range from 50 to
150°C. The liquid column of polymer may suitably be contained
within a tubular reactor. A preferred form of tubular reactor is a
draft tube reactor, i.e. a reactor which comprises a closed vessel

35 having at least one inlet and at least one outlet, a partition



t he tol uene and any unreacted am ne. After cool rng
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The foregoing is merely illustrative of one suitable mode of
operation. There are many other ways of practising the process of
the invention.

It is preferred to add to the polyether before oxidation a
poftion of a polyether oxidate. This can lead to the advantage that
the initial oxidation rate may be increased.

The product resulting from the prbcess comprises a ketone
derivative of formula (I) but may also comprise ester derivatives of
the polyether. Typically, oxidation using a molecular
oxygen-containing gas of a polybutylene oxide derived from the bzse
catalysed polymerisation of butylene oxide with dodecylphenol
produces an ethyl ketone derivative, a formate ester derivative and
a propionate ester derivative of the polyether. Oxidation of a
Similar polymer in which butylene oxide is replaced by propylene
oxide produces a formate ester derivative, an acetate ester
derivative and a methyl ketone derivative of the polyether. 1In
addition to the chemical functionalisation of the polyether physical
degradation occurs. '

Where a molecular oxygen-containingdéas is used it is preferred
that there is added to the polyethe} a soluble transition metal
compound. _

It has been observed that there is a minimum temperature at
which molecular oxygen uptake occurs, which temperature depends
amongst other factors on the nature of the polyether. It has been
found that for any particular polyether the minimum temperature
required for oxygen uptake to occur can be reduced by the addition
of a soluble transition metal compound. Moreover, addition of the
transition metal compound can 'also increase the overall conversion
of the oxidation reaction under identical conditions.

‘Suitabiy the transition metal of the transition metal compound
may be for example copper, chromium, cobalt or iron. Suitably the

compound may be a salt or a complex of the transition metal. It is




on a rotary evaporator. The basic nitrogen conteng;m@' 1POI%)and:

‘the total nitrogen content was 1.07% The rbrad‘u= om'.
Exanple 1 was tested in the OQpel Kadett Test. 30 500ppn1 of an addltlve.
“conprising 50% w w of product from Exanpl e - 1-and 50% vv)wMa !
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believed that it is principally the metallic moiety of the compounds
which influences its catalytic effect, rather than the non-metallic
moiety. A suitable metal compound is the acetylacetonate complex of
the metal.

Oxidation conditions comprise an elevated temperature, suitably
in the range from 50 to 150°C and either atmospheric, subatmospheric
or superatmospheric pressure. Within the aforesaid temperature
range, for each polyether there is a critical temperature below
which oxidation does not appear to occur, It is well within the
ordinary skill in the art to determine this temperature,

Preferably the polyether is in the liquid phase., Using
polyethers of a molecular weight such that they are ligquid under the
oxidation conditions the liquid phase may be provided by the liquid
polyether. Polyethers which are solid under the oxidation
conditions may suitably be used in the form of either a dispersion
or a solution in a suitable high-boiling liquid which is inert under
the oxidation conditions. Liquid polyethers too, if desired, may be
used as either a dispersion or a solution.

The production of an additive suitable for incorporation into a
lubricating o0il or fuel preferably comprises reacting a
keto-functionalised polyether obtained by a process as hereinbefore
described with an aliphatic polyamine employing a mole ratio of
polyamine to polyether of from about 0.2 to about-2.5 roles of
polyamine per mole of the polyether to form an aminated polyether
product.

The oxidation product may be used without any intervening
purification as the keto-functionalised polyether starting material
for the amination process. The aliphatic polyamine may suitably be
an alkylene polyamine having the general formula (IV):

NHz(CHz)q-[NH(Cﬂz)q]rNHZ (1IV)
wherein q is an integer from 2 to 4 and r is zero or an integer
from 1 to 10. Specific compounds falling within the aforesaid
formula (IV) include ethylene diamine, diethylene triamine,
triethylene tetramine, tetraethylene pentamine, propylene diamine,

dipropylenetriamine, and the like. A preferred alkylene polyamine
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Alternatively, the polyamine may be of the formula (V):
Rl '
~N .
//,N ( alkylene )g NHj )
R2

wherein R! and R? are independently hydrogen or alkyl groups,
for example a C}-Cjo alkyl group preferably methyl, ethyl, or propyl
and s is an integer from 1 to 6, preferably 2 to 4.

A suitable polyamine of the aforesaid formula (V) is
MeoN(CHy ) 3NH;.

Further details of the amination process may be found in US
Patent No. 3,931,024. Typically, the temperature of the amination reaction
may be in the range from 60 to 250°C.

It is preferred to hydrogenate the amination product before use
as an additive. Hydrogenation is desirable primarily to convert
imines in the amination product to amines. Hydrogenation may
suitably be accomplished by, for example, treatment with an alkali
metal borohydride, eg sodium borohydride, Alternatively, the
amination product may be reacted with formic acid. 1In a further
alternative the amination product may be catalytically hydrogenated,
suitably using as catalyst a supported transition metal, preferably
a supported platinum group metal, for example palladium supported on
carbon or alumina. Other hydrogenation techniques known in the art
may also be used. The present invention also provides a finished
lubricating oil composition cémprising a major proportion of a
lubricating oil and a minor proportion of an additive as
hereinbefore described. Such a lubricating oil composition will
typically comprise 0.1 to 10%Zw/w of the additive, preferably 0.5 to
7, more preferably 1 to é6%Iw/w.

The lubricating oil may suitably be any oil of lubricating
viscosity and may be either natural or synthetic.

In a further embodiment the invention also provides a fuel
composition comprising a major proportion of a fuel and a minor

proportion of the additive prepared by the process as hereinbefore
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described. Such a fuel composition will typically comprise
5-5,000ppm, preferably 50-1,000 ppm (by weight) of the additive.

The fuel may suitably be an internal combustion engine fuel. A
preferred fuel is one suitable for use in spark ignition engines,

5 for example a motor gasoline. Alternatively, the fuel may be a fuel
suitable for use in compression ignition engines, for example a
diesel fuel,

The invention will now be further illustrated by reference to
the following Examples and the accompanying Figure which takes the

10 form of a flowsheet.

The plant used in examples l-14 comprises an inlet (1) fitted
with a silica gel drying column (2) and a rotameter (3) which is
connected to the reactor (4) via a pump (5). The pump (5) can be
by-passed by means of a flow control valve (6). A mercury blow off

15 (7) is fitted in between the pump {5) and reactor (4). The reactor
(4) is fitted with a eurotherm heatcontroller (8) attached to a
thermocouple (9). Gaseous components can be vented from an outlet
(10) through a catch-pot (ll) fitted with a condenser (12) and two
cold traps (13, 14) to a large-bore vént (15) or alternatively can

20  be recycled through the oxygen meter (16). All lines are made of
PTFE except for the dry air line from the rotameter.

The plant shown in the Figure may be operated in either of two
ways as follows:-

(i) once-through operation:- Air is taken in through the silica gel

25 drying column (2) and thereafter through the rotameter (3)

before being pumped through tﬁe reactor (4) and traps (13, 14)

and exiting out of the vent (15) before the oxygen meter (16).
(ii) recycle operation:- The system is filled up with all
valves open. The vent (15) and inlet (1) are then closed off and

30 air is circulated through the oxygen meter (16). It is therefore
possible to monitor oxygen depletion versus time for a specific flow
rate.

Preparation of polyvether having keto-carbonyl functional groups

Preparation 1

35 246.7g of PC1362 (a polybutylene oxide derived from the base
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with dodecylphenol) was weighed into the oxidation reactor., The air
pump was switched on and nitrogen was pumped through the system in
the once-through operation mode. The reactor tube was heated up to
125°C and then air was sparged through the system at a rate of 372
litres/hour for 3 hours. (This flow rate was used for all 35
subsequent oxidation reazctions.)

Less than 0.5g of low molecular weight condensate was collected
in the cold traps.

The product was transferred to a 500ml 3 neck round bottomed
flask in which it was vacuum stripped at 150°C for 30 minutes to
remove any low boiling fractions.

Preparation 2

233.7g of PCI362 was oxidised under identical conditions to
those employed in Preparation 1 except that air was sparged through
the heated polyether for 6 hours.

11.9g of low molecular weight condensate was collected in the
cold traps.

The product was vacuum stripped as per Preparation l.

Analytical Data for Preparations 1 and 2

The infra red spectra of both Preparations showed a carbonyl
absorbance centred at 1728 cm~! not present in PC1362. the
intensity of the absorbance was stronger for Preparation 2,
indicating a greater degree of oxidation.

Gel Permeation Chromatography Data

SAMPLE Mn Mw Mw/Mn
PC1362 1950 2210 1.1
Preparation 1 1620 1810 . 1.1
Preparation 2 960 1430 1.5
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1H Nuclear Magnetic Resonance Data
SAMPLE % SELECTIVITIES % CONVERSION
Ethyl Formate Propionate
Ketone Ester Ester
Preparation 1 35 .45 20 i5
Preparatijon 2 37 39 25 104

The conversion figure for Preparation 2 implies that more than
one oxidative attack per polymer molecule has occurred.

Preparation 3

The reactor tube was filled with 237.0g of PC1572 (which is the
polypropylene oxide analogue of PCl362 i.e. dodecylphenol and 25
moles of propylene oxide). The reactor tube was heated to 100°C
whilst sparging with nitrogen in the once-through mode. The system
was then filled with air and switched to recycle operation. The
oxygen content of the system was observed to fall from 20Z to 2%
whereupon the system was refilled with ajir via the silica gel tube
inlet. Another three oxygen depletions of the system were carried
out. The total time for all four depletions was 7 hours 33
minutes. 2.14g of low molecular weight condensate was collected.

The product was vacuun stripped at 150°C f£or 30 minutes using a
pressure of 5.08cm (2") Hg.

Preparation 4

The reactor tube was filled with 239.lg of PC1572 and the
procedure used in Preparation 3 was repeated except that 8
depletions of the oxygen content of the system from 20% to 2% were
carried out. The time taken for these depletions was 12 hours 34
minutes. 5.46g of low molecular weight condensate was collected.

The product was vacuum stripped under the same conditions as
Preparation 3.

Preparation 5

The reactor tube was filled with 237.2g of PCl572 and 12
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S The product was vacuum stripped under the same conditions as
Preparation 3.
Preparation 6

The reactor tube was f£illed with 237.7g of BClS572 and 16

depletions of the oxygen content of the system were carried out in
10 the same way as Preparation 3, The time taken for these depletions
was 30 hours 57 minutes. 14.63g of low molecular weight condensate
was collected.
The product was vacuum stripped under the same conditions as
Preparation 3.

15 analytical Data for Preparations 3 to 6
The infra red spectra of all Preparations showed a carbonyl

absorbance centred at 1728 cm“l, not present in PC1572. The
intensity of the absorbance was sequentially greater for
Preparations 3 to 6 indicating an increasing extent of oxidation.

20 Gel Permeation Chromatography Data

SAMPLE Ma Mw Mw/Mn

PC1572 1750 1840 1.0

25 Preparation 3 | 1300 1630 1.2
Preparation & 1150 1530 1.3

Preparation 5 890 1360 1.5

Preparation 6 690 1240 1.8

30

35
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1H Nuclear Magnetic Resonance Data

SAMPLE % SELECTIVITIES % CONVERSION
Formate Acetate Methyl
Ester Ester Ketone
PC1572 1 100 0 0 3
Preparation 3 57 16 27 24
Preparation 4 50 19 31 38
Preparation 5 50 23 27 59
Preparation 6 51 22 27 68

Preparation 7

The reactor tube was filled with 257.6g of polyether

CP-1 (available from BP Chemicals) which is a glycerol started
polyethylene oxide/polypropylene oxide. The same procedure of
Preparation 3 was used to oxidise the sample for 6 oxygen depletions
of the system. This took 11 hours 10 minutes and 9.04g of low
molecular weight condensate was collected.

The infra red spectra of the product showed a carbonyl
absorbance at 1728 em~! not present in CP-1. This absorbance was of
similar shape to those observed for Preparations 3 - 6.

Gel permeation chromatography showed that Mn had dropped from
4110 to 2060, Mw had dropped from 4240 to 3100 and the dispersity
Mw/Mn had increased from 1.0 to 1.5.

Preparations 8 - 12

Approximately 230g of PCl362 was weighed into the oxidation
reactor tube along with 1% w/w of a metal acetylacetonate salt. It
was then heated to 80°'C with nitrogen circulating through the system
before air was admitted. It was then returﬁed to recycle mode and
the temperature was gradually raised until a significant rate of
oxygen uptake was observed on the oxygen meter. Once this
temperature had been tecofded the reactor was heated to 125°C

whereupon air was sparged through the reactor in the ‘once through'



35

10

15

20

25

30

35

e g7 ad
& U0 nf e

- 14 - . I A

e R
H

operation mode for 3 hours giving a total reaction time of 3 hours
20 minutes.

The metal salts used for Preparations 8-11 were Fe(acac)j,
Co(acac)3, Cu(acac)s and Cr{acac)3 respectively. A comparative
uncatalysed experiment (Preparation 12) was also performed.

Analytical Data for Preparations 8 - 12

The infra red spectrum of the product from Preparations 8-11
showed a carbonyl absorbance centred at 1728 em~! which was similar
in profile to those observed in Preparations 1-2. The intensity ol
this peak decreased in the order Preparation 8,9,10 and 11.

Preparation 12 gave no substantial carbonyl peaks.

PREP. METAL SALT | MINIMUM TEMPERATURE FOR CARBONYL CONTENT
OXYGEN UPTAKE | (% wt/wt acetone
(°C) equivalents)

8 | Fe(acac)y 80-90 2.15
9 Co(acac)s 80-85 1.30
10 Cu(acac)y 80 0.82
11 Cr(acac)js 85-90 0.88
12 None 120 0.10

It is evident that Fe(acac)s, Co(acac)3, Cu(acac)y and
Cr(acac)y all facilitate the oxidation reaction by reducing the
minimum process temperature and increasing the overall ketone yield
under identical reaction conditions.

Preparation 13
236.3g of PC1362 and 2.38g of Fe(acac)j were weighed into the

reactor tube and the tube was heated to 60°C under a sparge of

nitrogen. The system was then filled with air which was recycled.

A slow uptake of oxygen was observed which became rore rapid as the
temperature was raised. Once the temperature had reached 90°C the
polyether was oxidised with air in the once~through mode for 3 hours
giving a total reaction time of 3 hours 20 minutes,

The product showed a similar infra red carbonyl absorption as

Bt A b bbb g i
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Preparation 8 but of less intensity as would be expected. The

carbonyl content was 1.80% w/w acetone equivalents. This experiment

demonstrates that the presence of Fe(acac)j enables the oxidation to

be carried out at temperatures as much as 30°C lower than in its
absence.

Preparation 14

200g of the polyether FCl1362 (dodecylphenol started
polybutylene oxide -25 moles butylene oxide) was dissolved in 200ml
40-60 pétroleum ether in a 1 1litre 3 necked round bottomed flask
fitted with overhead mechanical stirrer, water cooled condenser and
pressure equalising dropping funnel. 22.84g (2 fold excess relative
to PC1362) of solid sodium dichromate dihydrate was dissolved in
306ml of 2N sulphuric acid and this solution was charged to the
dropping funnel. With vigorous stirring and under a nitrogen
blanket the dichromate solution was added dropwise to the polyether
solution over an interval of 30 minutes. The flask was then heated
to 45°C with vigorous stirring maintained whereupon the pet ether
refluxed into the condenser. This temperature was maintained for 6
hours before the heat was removed and the flask stirred for a
further 16 hours at ambient temperature. The contents of the flask
were poured into a separating funnel and allowed to form two
layers. The lower aqueous layer was run off and the organic layer
was sequentially washed with three equal volume aliquots of
distilled water. The organic layer was shaken with anhydrous
magnesium sulphate to remove residual water, filtered and the pet
ether removed on a rotary evaporator. 170.4g of a clear_pale green
liquid was recovered.

The 'H nmr spectrum of this product revealed the presence of a
CHy adjacent to ketone signal at 2.5 ppm. Integration of this
signal and the aromatic proton signal between 6.5-7.5 pm implied
that virtually quantitative conversion to the polyether ketone had
been achieved.

A previous attempt where an equivalence of sodium dichromate
was used and no heat was applied only achieved 47X conversion.

Preparations ! to l4 are not examples according to the present




5 [err] wherein X |T 9: .grf@up ,der'
*from a nucl eophil e; Rl err] is hydrogen, al kyl or aryl SRerE)
al kyl or aryl; 10 mis a nunber from1l to 40; and gV\/ﬁnenﬂ(‘n
‘greater than one each [CH err]CHRerr]Q unit is-the sane éar A 1
provided that when Rerr] is hydrogen théb ['(J—l[err](]—l[err]O}a umlts
conprise no nore than 50% by wei ght of the total nunber of§
[CHerr]CHRerr]Q units. 15 2. A process according t o’ cl“al_rn,lw\étberel-n
in the formula (1) Xis OH, SH, ORerr], SRerr], - NRerr]Rerr] or
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are | ndependentg ¥te| : rJ’E'eegc:thc! th%ean aliphatic polyamine.

Amination of the Polyether Ketones

Example |
5 150g of the product from Preparation 1 was stirred with 13.6g

(1.5 molar equivalents) of dimethylaminopropylamine in a 500 ml
round bottomed flask fitted with thermowell, overhead stirrer and
Dean-Stark trap with condenser. The mixture was stirred at ambient
temperature for one hour. 120 ml of toluene was added to the flask
10 and the mixture was refluxed for a further &4 hours, with any water
produced by the reaction being collected in the Dean-Stark trap.
The product was vacuum stripped at 130°C for one hour to remove
the toluene and any unreacted amine.
After cooling a solution of 7.00g sodium borohydride in ethanol
15 was added to the flask. Some mild effervescence due to the
liberation of hydrogen was observed. The mixture was stirred for
twelve hours at ambient temperature before the ethanol was removed
on a rotary evaporator,
This reduced aminated product was dissolved in 150 ml of 40-60
20 pet ether and extracted with three 150 ml aliquots of distilled
water to remove unreacted sodium borohydride and residual unreacted
dimethylaminopropylamine. The addition of 10 ml of n-butanol was
necessary at each stage of this extraction to break down emulsions.
The recovered organic layer was dried with anhydrous magnesium
25 sulphate, £filtered and then the pet ether and n-butanol was removed
on a rotary evaporator.
The basic nitrogen content was 1.01% and the total nitrogen
content was 1.07%.
The product from Example 1 was tested in the Opel Kadett Test,
30 500ppm of an additive comprising 50% w/w of product from Example
1 and 50% w/w of A260 solvent was added to a base fuel, The base
fuel and base fuel containing the additive were tested and the

results are given in the Table.

35



a hydrocarbyl group. 3. A process according to eithet.clalm.l. qr .
claim2 wherein Rlerr] in 20 the formula (1) is either néttw {i -
4. A process according to any one of the preceding clai s V\herel»n =
t he conpoundd of fornmula (1) is obtained by oxidisi ng a c0|jrp unjd#_
the formula (11): : ! ; AL,
X[CH[err]CHR[err]O][err]CH[err]C|—|R[err'](10-1) bl ) 25
wherein X, Rlerr], Rerr] and mare all as defined in clai gn 1 prOV| ded t hat
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TABLE
' Average Intake Average Valve
5 Sanple Valve Deposit Merit Rating
Base Fuel Containing 110 mg/valve 8.9
500ppm of additive*
10
Base Fuel (ro additive) 487 mg/valve 7.4
15 * Additive Composition : 50% w/w Product of Example 1,
50%Z w/w A260 Solvent

20 Example 2
220g of the product from Preparation 2 was stirred with 33.7g
of dimethylaminopropylamine in a 500 ml round bottomed flask fitted
with thermowell, overhead stirrer and Dean-Stark trap with
condenser. The mixture was stirred at ambient temperature for one
25 hour'during which the colour changed from pale green to amber. This
colour change is attributable to the formation of amine oxides from
hydroperoxides present within the oxidate. 120 ml of toluene was
added to the flask and the mixture was refluxed for a further two
,hiours, with any water produced in the reaction being collecfed in
30 the Dean-Stark trap.
The product was vacuum stripped at 130°C for one hour to remove
the toluene and any unreacted amine.
The infra red spectrum'of this material showed the
disappearance of the oxidate carbonyl peak at 1728 cm~! and the

35 appearance of a broad imine/amide peak centred at 1679 cm~l.
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"weight of the total nunber of [CHerr]CHRerr]Q unlts, i 5. A i
process according to claim4 wherein the conpound of f@r |24 sy sl 1) i| S
‘oxi di sed by treatment with dichronate. % 6. - A process accor di ng tta
claim5 wherein the treatnent with di chromat e |sl)cétrr| ed~out—at—a
tenperature in the range 25 to 100[err]C. 7. A process accordi ng ‘to
claim4 wherein the conmpound of formula (1) is oxidised by catalytic

dehydr ogenati on. 8. A process according to claim4 wherein the
conpound of fornul ah&()oasi(:Idi)trb@noedrdbszedfbyhisr Rat«ral waist b, Bimedeent ar
oxygen- cont ai nj wgs. ) 7& process according to any one of

t he preceding E&%Ilngl%%re% Gpntent

110.0g of the 2xzinated material was dissolved in 100 ml of

ethanol and 5.52g of sodium borohydride was stirred in. Some mild
5 effervescence due to the liberation of hydrogen was observed. The
mixture was stirred for twelve hours at ambient temperature.

This reduced aminate product was dissolved in 100 ml of toluene
and extracted with three 100 ml aliquots of distilled water to
remove unreacted scdiun borohydride and any water soluble amides.

10 The addition of 10 ml of n-butanol was necessary at each stage of
this extraction to break down emulsions. The toluene was removed on
a rotary evaporator.

The infra red spectrum of this product showed in the

disappearance of all imine and carbonyl absorbances in the 1800-1620
15 em—! region,

The basic nitrogen content was 0.53% and the total nitrogen

content was 0.61%.

The product was gasoline soluble at the 10Z level.
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the ratio of the polyamne to the conpound of formula (I1)ris~tm-t
Tange 0.2 to 2.5:1. 15 10. A process accordlng to clalnrﬁ Mhe'

gonmpound of the
formula (11) is

rati o of pol yam ne to pol yether of fromOo.2 to 2.5 nﬁlés of polyan1n¢
per nol e of polyether. 20 11. A process accordlnq,tﬂ -any--ene=~gf:d

t he preceding clainms wherein t he pol yam ne is of theéggpgial formul a
(rv):- NH err] (CH err])[err] ‘ T
[NH(CH err])[err]][err]NH err] (1v) wherein g
Is an integer from2 to 4 and r is zero or an integer from 1to 10. 25
12. A process as clained in claim11 Wlerein the polyanmine is

di et hyl ene triam ne. 13. A process as clained i nTany-ehe-of the e

precedi ng cl ai ns wherein
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CLAIMS
1, A process for the production of an additive suitable for
incorporation into a lubricating o0il or a fuel which process
comprises reacting an aliphatic polyamine with a compound of the
formula (I):-

5 0

X[CHZCHRIO]mCHZgR2 (I)

wherein X is a group derived from a nucleophile;
Rl is hydrogen, alkyl or aryl;
R2 is alkyl or aryl;

10 m is a number from 1 to 40; and
when m is greater than one each [CH2CHR10] unit is the same or
different provided that when R! is hydrogen the [CHyCH5O] units
comprise no more than 50% by weight of the total number of
[CHoCHRIO] units.

15 2. A process according to claim ! wherein in the formula (I) X is
OH, SH, 0R3, SR3, - NR*R5 or an alkanoate, wherein R3 is a
hydrocarbyl group and R* and RS are independently either hydrogen or
a hydrocarbyl group.

3. A process according to either claim 1 or claim 2 wherein Rl in

20 the formula (I) is either methyl or ethyl.

4, A process according to any one of the preceding claims wherein
the compoundd of formula (I) is obtained by oxidising a compound of
the formula (II):-

X[ CHyCHR10],,CHyCHR2 (OH) (11)

25 wherein X, Rl, R?2 and m are all as defined in clain 1 provided that



the additive is hydrogenated in a further step.
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when Rl is H, the [CHyCH,0] units comprise no more than 50% By“
weight of the total number of {CHZCHRIO] units.
5. A process according to claim 4 wherein the compound of formula
(I1) is oxidised by treatment with dichromate.
6. A process according to claim 5 wherein the treatment with
dichromate is carried out at a temperature in the range 25 to 100°C.
7. A process according to claim 4 wherein the compound of formula
(II) is oxidised by catalytic dehydrogenation.
8. A process according to claim 4 wherein the compound of formula
(II) is oxidised by treatment with a molecular oxygen-containing
gas.
9. A process according to any one of the preceding claims wherein
the ratio of the polyamine to the compound of formula (II) is in the
range 0.2 to 2.5:1.
10. A process according to claim 1 wherein a compound of the
formula (I) obtained by oxidising a compound of the formula (II) is
reacted with an aliphatic polyamine employing a mole ratio of
polyamine to polyether of from 0.2 to 2.5 moles of polyamine per
mole of polyether,
11. A process according to any one of the preceding claims wherein
the polyamine is of the general formula (IV):~

NHZ(CHZ)q [NH(CHz)q]rNHg (1v)
wherein g is an integer from 2 to 4 and r is zero or an integer from
1 to 10.
12. A process as claimed in claim 1l wherein the polyamine is
diethylene triamine.
13. A process as claimed in any one of the preceding claims wherein
the additive is hydrogenated in a further step.
14. A fuel composition comprising a major proportion of a fuel and
a minor amount of an additive prepared by a process as claimed in

any one of the preceding claims.
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