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(57) ABSTRACT

A lubricating composition containing (a). at least 3 weight
percent of an overbased sulphonate detergent with a metal
ratio of 12.5:1 to 40:1; (b). at least 1.5 weight percent of a
sulphur containing phenate detergent with a metal ratio of not
more 2.5; and (¢). an oil of lubricating viscosity, wherein the
sulphur containing phenate contains oligomers of hydrocar-
byl phenol with at least 50 wt % of said oligomers in the form
of' the tetramer or higher oligomers. The composition is suit-
able for internal combustion engines, particularly marine die-
sel applications to provide improved cleanliness decreased
cylinder wear and reduced deposits.
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LUBRICATING COMPOSITIONS
CONTAINING SULPHONATES AND
PHENATES

FIELD OF INVENTION

[0001] The present invention relates to novel detergent
compositions containing (a) at least 3 weight percent of an
overbased sulphonate detergent with a metal ratio 0of 12.5:1 to
40:1; (b) at least 1.5 weight percent of a sulphur containing
phenate detergent with a metal ratio of not more than 3; and
(c) an oil of lubricating viscosity, wherein the sulphur con-
taining phenate contains oligomers of hydrocarbyl phenol
with at least 50 wt % of said oligomers in the form of the
tetramer or higher oligomers. The invention further relates to
the use of the novel detergent compositions in marine diesel
cylinder lubricants.

BACKGROUND OF THE INVENTION

[0002] It is known to add various additives to an oil of
lubricating viscosity for diesel or gasoline engines to reduce
wear and improve cleanliness. In diesel engines an oil of
lubricating viscosity is used particularly to reduce wear of
cylinder liners and piston rings. Often engine operating tem-
peratures and pressures are sufficient to break down the film
of the oil of lubricating viscosity on the internal walls of the
cylinder. As a consequence of this, the cylinder experiences
increased wear and decreased engine cleanliness due to
deposits. Formation of high levels of deposits around the
piston rings can also result in excessive wear.

[0003] U.S. Pat. No. 6,277,794, Dunn, discloses the use of
a marine diesel engine lubricant composition containing (a)
an overbased metal detergent having a TBN of at least 300
and/or (b) a metal detergent other than component (a), pro-
vided that if detergent (b) is present the composition does not
contain a minor amount of an extreme pressure additive; and
(c) ashless antiwear additives; and (d) an oil of lubricating
viscosity.

[0004] U.S. Pat. No. 6,339,051, Carey et al., discloses die-
sel cylinder oils with improved cleanliness and load carrying
capabilities by using an additive package containing at least
one detergent, an antioxidant, an antiwear agent and a dis-
persant. The detergent component contains at least one of an
overbased phenate, phenylate, salicylate or sulphonate.
[0005] U.S. Pat. No. 6,376,434, Katafuchi, discloses lubri-
cating oil compositions for diesel engines containing at least
one of (a) overbased sulphonate, overbased phenates and
overbased salicylates; and (b) a bis-type succinic imide com-
pound.

[0006] U.S. Pat. No. 6,551,965, Nagamatsu, discloses a
marine diesel lubricating oil composition containing an over-
based alkyl sulphonate detergent and an overbased sulphu-
rised alkylphenate detergent. The overbased sulphurised
alkylphenate has a TBN of 110 or more.

[0007] British Patent application GB 2,328,217 A discloses
marine diesel lubricating oil compositions containing a poly-
alkylene succinimide compound for improving anti-wear.
The lubricating oil composition can further include up to 6%
of at least one highly overbased detergent selected from alkyl
or alkenyl phenates, alkyl or alkenyl phenate-carboxylates,
alkyl or alkenyl aromatic sulphonates; and mixtures thereof.
[0008] FEuropean Patent application EP 1,126,010 Nagam-
atsu et al., discloses a lubricating oil composition containing
an overbased alkylsulphonate detergent and an overbased
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sulphurised phenate. The sulphurised phenate and overbased
alkylsulphonate are present at on a weight ratio basis of 55:45
to 95:5. The composition further includes a zinc antiwear
agent such as dialkyldithiophosphate and a dispersant.
[0009] European Patent application EP 1,086,960 discloses
a lubricating oil composition containing novel succinimide
compounds and at least one detergent selected from over-
based sulphonates, phenates and salicylates of alkaline earth
metals.

[0010] East German Patent DD298519 discloses marine
diesel engines employing an anticorrosion detergent-dispers-
ant additive combination containing (a) weakly basic or neu-
tral alkaline earth sulphonates; and (b) medium or highly
basic alkaline earth sulphonates, phenolates or phenolate sul-
phides in which the ratio of sulphonate groups to phenolic
groups is 1:3.6 to 4.4; and (c) a succinimide ash free deter-
gent.

[0011] It would be desirable to have compositions with
cleanliness properties. The invention provides compositions
with cleanliness properties.

[0012] It would be desirable to have compositions capable
of reducing wear and reducing deposits. The invention pro-
vides compositions capable of reducing wear and reducing
deposits.

SUMMARY OF THE INVENTION

[0013] The present invention provides a composition com-
prising:
[0014] (a) at least 3 weight percent of an overbased sulpho-

nate detergent with a metal ratio of 12.5:1 to 40:1;

[0015] (b) at least 1.5 weight percent of a sulphur contain-
ing phenate detergent with a metal ratio of not more than 3;
and

[0016] (c) an oil of lubricating viscosity,

wherein the sulphur containing phenate contains oligomers of
hydrocarbyl phenol with at least 50 wt % of said oligomers in
the form of the tetramer or higher oligomers.

[0017] The invention further provides a composition com-
prising:
[0018] (a). at least 3 weight percent of an overbased sul-

phonate detergent with a metal ratio of 12.5:1 to 40:1;
[0019] (b). atleast 1.5 weight percent of a sulphur contain-
ing phenate detergent with a metal ratio of not more than 3;
[0020] (c). an oil of lubricating viscosity, and

[0021] (d). an antiwear agent selected from the group con-
sisting of salixarates, fatty amides, amine salts of phosphoric
acid esters, thiocarbamate esters, thiocarbamates amides,
thiocarbamic ethers, alkylene-coupled thiocarbamates, bis
(S-alkyldithocarbamyl)disulfides, monoesters of polyols and
aliphatic carboxylic acids, and borate esters;

[0022] wherein the sulphur containing phenate contains
oligomers of hydrocarbyl phenol with at least 50 wt % of said
oligomers in the form of the tetramer or higher oligomers.
[0023] The invention further provides a process to prepare
a composition comprising mixing:

[0024] (a) at least 3 weight percent of an overbased sulpho-
nate detergent with a metal ratio of 12.5:1 to 40:1;

[0025] (b) at least 1.5 weight percent of a sulphur contain-
ing phenate detergent with a metal ratio of not more than 3;
and

[0026] (c) an oil of lubricating viscosity,

wherein the sulphur containing phenate contains oligomers of
hydrocarbyl phenol with at least 50 wt % of said oligomers in
the form of the tetramer or higher oligomers.
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[0027] The invention further provides a method for lubri-
cating an internal combustion engine, comprising supplying
thereto a lubricant comprising the composition as described
herein.

[0028] The invention further provides a composition with
cleanliness properties. The invention further provides a com-
position capable of reducing wear and capable of reducing
deposits.

DETAILED DESCRIPTION OF THE INVENTION

[0029] The present invention provides, in certain embodi-
ments, a composition comprising:

[0030] (a) atleast 3 weight percent of an overbased sulpho-
nate detergent with a metal ratio of 12.5:1 to 40:1;

[0031] (b) at least 1.5 weight percent of a sulphur contain-
ing phenate detergent with a metal ratio of not more than 3;
and

[0032] (c) an oil of lubricating viscosity,

wherein the sulphur containing phenate contains oligomers of
hydrocarbyl phenol with at least 50 wt % of said oligomers in
the form of the tetramer or higher oligomers.

[0033] Thetotal amount of (a) and (b) present on an oil free
basis is often from 4.5 wt % to 35 wt %, in one aspect 6.5 wt
% to 32 wt %, in another aspect 9 wt % to 30 wt % and in yet
another aspect 12 wt % to 28 wt % of the composition. In one
embodiment the weight percent of component (a) is 94.7 wt
% and component (b) is 5.3 wt % of the total amount of (a) and
(b) present. In one embodiment the amount of component (a)
is 75 wt % and component (b) is 25 wt % of the total amount
of (a) and (b) present.

[0034] Often the total base number (TBN) of the composi-
tion is 30 or higher, in one aspect 40 or higher, in another
aspect 50 or higher and in yet another aspect 60 or higher. In
one embodiment, the specific amounts of component (a) and
component (b) are present such that component (a) delivers at
least 50%, in another embodiment at least 55%, in another
embodiment at least 60, in another embodiment at least 65
and in yet another embodiment at least 70% of the TBN
supplied by the detergents (a) and (b).

[0035] Inoneembodiment the weight percent ratio of over-
based sulphonate to sulphur containing phenate detergent is
often 30:1 to 0.85:1, in one aspect 25:1 to 0.9:1, in another
aspect 20:1 t0 0.95:1, in yet another aspect 20:1 to 1:1 and in
yet another aspect 20:1 to 1.02:1. In embodiment the weight
percent ratio of overbased sulphonate to sulphur containing
phenate detergent is 15:1 to 1.05:1, in another embodiment
10:1 to 1.05:1 and in another embodiment 10:1 to 1.1:1.

Overbased Sulphonate Detergent

[0036] The sulphonate detergent of the composition may be
represented by the formula:

(R)-A-SOM M

wherein each R is independently an alkyl, cycloalkyl, aryl,
acyl, or other hydrocarbyl group with 6 to 40, in one aspect 8
to 25 and in another aspect 9 to 20 carbon atoms; A may be
independently a cyclic or acyclic hydrocarbon group; M is
hydrogen, a valence of a metal ion, an ammonium ion or
mixtures thereof; and k is an integer of 0 to 5, for example 0,
1,2,3,4, 5. In one aspectk is 1, 2 or 3, in another aspect 1 or
2 and in yet another aspect 1. Often hydrogen comprises less
than 30%, in one aspect less than 20%, in another aspect less
than 10% and in yet another aspect less than 5% of the
available M entities.
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[0037] Inoneembodimentk is 1 and R is a branched alkyl
group with 6 to 40 carbon atoms. In one embodiment k is 1
and R! is a linear alkyl group with 6 to 40 carbon atoms.
[0038] Examples of suitable sulphonic acids capable of
forming the overbased sulphonate detergent include polypro-
pene benzene sulphonic acid, undecyl benzene sulphonic
acid, dodecyl benzene sulphonic acid, tridecyl benzene sul-
phonic acid, tetradecyl benzene sulphonic acid, pentadecyl
benzene sulphonic acid, hexadecyl benzene sulphonic acid
and mixtures thereof. In one embodiment the sulphonic acid
includes undecyl benzene sulphonic acid, dodecyl benzene
sulphonic acid, tridecyl benzene sulphonic acid, tetradecyl
benzene sulphonic acid, octadecyl benzene sulphonic acid,
tetraeicosyl benzene sulphonic acid or mixtures thereof. In
one embodiment of the invention the sulphonic acid is a
polypropene benzene sulphonic acid, where the polypropene
is often derived from 18 to 30 carbon atoms.

[0039] In one embodiment of the invention the sulphonate
components are calcium polypropene benzenesulphonate
and calcium monoalkyl and dialkyl benzenesulphonates
wherein the alkyl groups contain at least 10 carbons, for
example 11, 12, 13, 14, or 15 carbon atoms.

[0040] When M is a valence of a metal ion, the metal may
be monovalent, divalent, trivalent or mixtures of such metals.
‘When monovalent, the metal M may be an alkali metal, in one
aspect lithium, sodium, or potassium; and in another aspect
potassium, which may be used alone or in combination with
other metals. When divalent, the metal M may be an alkaline
earth metal, in one aspect magnesium, calcium, barium or
mixtures of such metals, in another aspect calcium, which
may be used alone or in combination with other metals. When
trivalent, the metal M may be aluminium, which may be used
alone or in combination with other metals. In one embodi-
ment the metal is an alkaline earth metal. In one embodiment
the metal is calcium.

[0041] When A is cyclic hydrocarbon group, suitable
groups include pheny! or fused bicyclic groups such as naph-
thalene, indenyl, indanyl, bicyclopentadienyl and mixtures
thereof. Although A may be a fused bicyclic ring, benzene
rings are often especially useful.

[0042] When A is an acyclic hydrocarbon group, the carbon
chain may be linear or branched, although linear is especially
useful. Suitable groups include derivatives of carboxylic
acids containing 7 to 30, in one aspect 7 to 20, in another
aspect 8 to 20 and in yet another aspect 8 to 15 carbon atoms.
Further the chain may be saturated or unsaturated, although
saturated is especially useful.

[0043] Typically the overbased sulphonate detergent has a
TBN (total base number) of at least 400, in one aspect at least
425, in another aspect at least 450 and in yet another aspect at
least 475. In one embodiment the overbased sulphonate deter-
gent has a TBN of 500, or of 500 to 550.

Overbasing the Sulphonate Detergent

[0044] The sulphonate detergent is overbased. Overbased
materials, otherwise referred to as overbased or superbased
salts, are generally single phase, homogeneous Newtonian
systems characterised by a metal content in excess of that
which would be necessary for neutralisation according to the
stoichiometry of the metal and the particular acidic organic
compound reacted with the metal. The overbased materials
are prepared by reacting an acidic material (typically an inor-
ganic acid or lower carboxylic acid, often carbon dioxide)
with a mixture comprising an acidic organic compound, a
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reaction medium comprising at least one organic solvent and
promoter such as phenol or a mixture of alcohols. A mixture
of alcohols typically contains methanol and at least one alco-
hol with 2 to 7 carbon atoms, and may contain 50-60 mole
percent methanol. The acidic material will normally have a
sufficient number of carbon atoms to provide a degree of
solubility in oil. The amount of excess metal is commonly
expressed in terms of substrate to metal ratio. The term “sub-
strate to metal ratio” is the ratio of the total equivalents of the
metal to the equivalents of the substrate. An overbased sul-
phonate detergent typically has a metal ratio 0o 12.5:1t0 40:1,
in one aspect 13.5:1 to 40:1, in another aspect 14.5:1 t0 40:1,
in yet another aspect 15.5:1 to 40:1 and in yet another aspect
16.5:1t0 40:1. Furthermore the overbased detergent often has
a low in-process viscosity and a low final viscosity.

[0045] A sulphonate detergent with 500 TBN and its prepa-
ration are disclosed in U.S. Pat. No. 5,792,732. In Example 2
thereof, a 500 TBN all-linear alkylbenzene sulphonate is
prepared by reacting an alkyl benzene sulphonate from Witco
Corp. (now known as Crompton) with Ca(OH), and CaO in
n-heptane and methanol and bubbling with CO,. It is also
reported in the aforementioned patent (col. 5) thata 500 TBN
overbased sulphonate containing highly branched alkylben-
zene sulphonate is available from Witco Corp. (now known as
Crompton) as Petronate® C-500. Another method for prepar-
ing an overbased sulfonate detergent of high metal ratio is
disclosed in U.S. Pat. No. 6,444,625 (see, for instance, col-
umn 3, bottom). The latter process includes providing a sul-
fonic acid to a reactor, adding a lime reactant for neutraliza-
tion and overbasing, adding a lower aliphatic C, to C, alcohol
and a hydrocarbon solvent, and carbonating the process mix-
ture with carbon dioxide during which process the exotherm
of the reaction is maintained between 27° C. and 57° C.
Alternatively, a high metal-ratio detergent may be prepared
by using a mixture of short chain alcohols, with or without a
hydrocarbon solvent, conducting the addition of lime reac-
tants and carbon dioxide in multiple iterations, and, if desired
the process of adding lime and carbon dioxide and of removal
of'volatile materials may be repeated. The overbased sulpho-
nate detergent in the present invention may be used alone or
with other overbased sulphonates. In one embodiment the
sulphonate detergent is in a mixture with other sulphonate
detergents, provided the TBN is within the given ranges.

Sulphur Containing Phenate Detergent

[0046] The sulphur containing phenate detergent of the
composition may be represented by the formula:

an

oM oM oM
T. o o N
A |/ A | z
®w RO . /\<R2>w

wherein the number of sulphur atoms y may be in the range
from 1 to 8, in one aspect 1 to 6 and in another aspect 1 to 4;
R? may be hydrogen or hydrocarbyl groups; T is hydrogen or
an (8), linkage terminating in hydrogen, an ion or a non-
phenolic hydrocarbyl group; and M is as described above.
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[0047] The monomeric units of structure (II) combine in
such a way with itself x number of times to form oligomers of
hydrocarbyl phenol. Oligomers are described as dimers, tri-
mers, tetramers, pentamers and hexamers when x is equal to
0,1, 2,3, and 4, respectively. Typically the number of mono-
mers represented by x may be 0 to 10, in one aspect 1 to 9, in
another aspect 1 to 8, in yet another aspect 2 to 6 and in yet
another aspect 2 to 5. Typically an oligomer is present in
significant quantities if concentrations are above 0.1 wt %, in
one aspect above 1 wt % and in another aspect above 2 wt %.
Typically an oligomer is present in trace amounts if concen-
trations are less than 0.1 wt %, for example, oligomers with 11
ormore repeat units may be present. Generally in at least 50%
of the molecules, x is 2 or higher. In one embodiment of the
invention the overall sulphur-containing phenate detergent
contains less than 20 wt. % dimeric structures (x=0).

[0048] The sulphur containing phenate detergent contains
oligomers of hydrocarbyl phenol with at least 50 wt % in the
form of the tetramer or higher oligomers. Often the tetramer
orhigher oligomers are present in amounts of at least 52 wt %,
in one aspect at least 54 wt %, in another aspect at least 56 wt
% and in yet another aspect at least 58 wt %.

[0049] The sulphur containing phenate detergent often con-
tains less than 20 wt %, in one aspect less than 18 wt %, in
another aspect less than 16 wt % and in yet another aspect less
than 14 wt % of hydrocarbyl phenol dimers.

[0050] The sulphur containing phenate detergent often con-
tains a substrate level (that is, excluding M and any carbonate
of M) in the range 45 wt % to 95 wt %, in one aspect 50 wt %
to 90 wt % and in another aspect 55 wt % to 85, to 80, or to 75
wt % of the sulphur containing phenate detergent. The “sub-
strate” means the anionic portion of Structure II or similar
structures. The substrate level is calculated excluding any
contribution of diluent oil to the detergent.

[0051] InStructureII, each R* may be hydrogen or a hydro-
carbyl group containing 4 to 80, in one aspect 6 to 45, in
another aspect 8 to 20 and in yet another aspect 9 to 14 carbon
atoms. The number of R? substituents (w) other than hydro-
gen on each aromatic ring may be 0 to 4, in one aspect 1 to 3
and in another aspect 1 to 2. Where two or more hydrocarbyl
groups are present they may be the same or different; and the
minimum total number of carbon atoms present in the hydro-
carbyl substituents on all the rings, to ensure oil solubility,
may be 8 or in one aspect 9. Especially useful components
include 4-alkylated phenols containing alkyl groups with the
number of carbon atoms of 9 to 14, for example 9, 10, 11, 12,
13, 14 and mixtures thereof. The 4-alkylated phenols typi-
cally contain sulphur at position 2.

[0052] Typically the sulphur containing phenate detergent
has a TBN from 30 to 220, in one aspect 40 to 205, in another
aspect 50 to 190 and in yet another aspect 70 to 175. In one
embodiment the sulphur containing phenate detergent has a
TBN of 150. The sulphur containing phenate detergent may
be used alone or with other sulphur containing phenate deter-
gents. In one embodiment the sulphur containing phenate
detergent is in a mixture with other phenate detergents, pro-
vided the TBN of the average of all the phenates is within the
given ranges.

[0053] The sulphur containing phenate detergent typically
has a metal ratio of not more than 3, in one aspect not more
than 2.7, in another aspect not more than 2.5, in yet another
aspect not more than 2.3 and in yet another aspect not more
than 2.1.
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[0054] The sulphur containing phenate further contains oli-
gomers of hydrocarbyl phenol with at least 50 wt % of such
oligomers being in the form of the tetramer or higher oligo-
mers. A suitable example of calcium alkyl phenol sulphide
detergent is commercially available from The Lubrizol Cor-
poration.

Oils of Lubricating Viscosity

[0055] The invention further includes oil of lubricating vis-
cosity. Such oils include natural and synthetic oils, oil derived
from hydrocracking, hydrogenation, and hydrofinishing,
unrefined, refined and re-refined oils and mixtures thereof.
[0056] Unrefined oils are those obtained directly from a
natural or synthetic source generally without (or with little)
further purification treatment.

[0057] Refined oils are similar to the unrefined oils except
they have been further treated in one or more purification
steps to improve one or more properties. Purification tech-
niques are known in the art and include solvent extraction,
secondary distillation, acid or base extraction, filtration, per-
colation and the like.

[0058] Re-refined oils are also known as reclaimed or
reprocessed oils, and are obtained by processes similar to
those used to obtain refined oils and often are additionally
processed by techniques directed to removal of spent addi-
tives and oil breakdown products.

[0059] Natural oils useful in making the inventive lubri-
cants include animal oils, vegetable oils (e.g., castor oil, lard
oil), mineral lubricating oils such as liquid petroleum oils and
solvent-treated or acid-treated mineral lubricating oils of the
paraffinic, naphthenic or mixed paraffinic-naphthenic types
and oils derived from coal or shale or mixtures thereof.
[0060] Synthetic lubricating oils are useful and include
hydrocarbon oils such as polymerised and interpolymerised
olefins (e.g., polybutylenes, polypropylenes, propyle-
neisobutylene copolymers); poly(1-hexenes), poly(l-
octenes), poly(1-decenes), and mixtures thereof; alkyl-ben-
zenes  (e.g.  dodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di-(2-ethylhexyl)-benzenes); polyphenyls
(e.g., biphenyls, terphenyls, alkylated polyphenyls); alky-
lated diphenyl ethers and alkylated diphenyl sulphides and
the derivatives, analogs and homologs thereof or mixtures
thereof.

[0061] Other synthetic lubricating oils include but are not
limited to liquid esters of phosphorus-containing acids (e.g.,
tricresyl phosphate, trioctyl phosphate, and the diethyl ester
of decane phosphonic acid), and polymeric tetrahydrofurans.
Synthetic oils may be produced by Fischer-Tropsch reactions
and typically may be hydroisomerised Fischer-Tropsch
hydrocarbons or waxes.

[0062] Oils of lubricating viscosity may also be defined as
specified in the American Petroleum Institute (API) Base Oil
Interchangeability Guidelines. The five base oil groups are as
follows: Group I (sulphur content>0.03 wt %, and/or <90 wt
% saturates, viscosity index 80-120); Group II (sulphur con-
tent=0.03 wt %, and =90 wt % saturates, viscosity index
80-120); Group III (sulphur content=0.03 wt %, and =90 wt
% saturates, viscosity index=120); Group IV (all polyalpha-
olefins (PAOs)); and Group V (all others not included in
Groups 1, 11, 111, or IV). The oil of lubricating viscosity com-
prises an API Group 1, Group 11, Group III, Group IV, Group
V oil and mixtures thereof. Often the oil of lubricating vis-
cosity is an API Group I, Group 11, Group III, Group IV oil
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and mixtures thereof. Alternatively the oil of lubricating vis-
cosity is often an API Group I, Group II, Group III oil or
mixtures thereof.

[0063] The oil of lubricating viscosity is often present at 55
10 99.9, in one aspect 61 to 98.9, in another aspect 65 to 96.8
and in yet another aspect 67 to 94 weight percent of the
composition.

Other Performance Additives

[0064] Optionally the composition may include at least one
performance additive other than components (a)-(c), selected
from the group consisting of metal deactivators, detergents,
dispersant, antioxidants, antiwear agents, corrosion inhibi-
tors, antiscuffing agents, extreme pressure agents, foam
inhibitors, demulsifiers, friction modifiers, viscosity modifi-
ers, pour point depressants and mixtures thereof. Typically,
fully-formulated lubricating oil will contain one or more of
these performance additives. In some embodiments, certain
antiwear agents are present as component (d).

[0065] Inoneembodiment oftheinventionthe composition
contains at least one optional performance additive selected
from the group consisting of a dispersant, an antioxidant and
an antiwear agent.

[0066] The total combined amount of the other perfor-
mance additives present on an oil free basis may be 0to 10, in
one aspect 0.1 to 7, in another aspect 0.2 to 5 and in yet
another aspect 1 to 5 weight percent of the composition.

Dispersants

[0067] Dispersants are often known as ashless-type dis-
persants because, prior to mixing in a lubricating oil compo-
sition, they do not contain ash-forming metals and they do not
normally contribute any ash forming metals when added to a
lubricant and polymeric dispersants. Ashless type dispersants
are characterised by a polar group attached to a relatively high
molecular weight hydrocarbon chain. Typical ashless dis-
persants include N-substituted long chain alkenyl succinim-
ides. Examples of N-substituted long chain alkenyl succin-
imides include polyisobutylene succinimide with number
average molecular weight of the polyisobutylene substituent
in the range 350 to 5000, in one aspect 500 to 3000. Succin-
imide dispersants and their preparation are disclosed, for
instance in U.S. Pat. No. 4,234,435. Succinimide dispersants
are typically the imide formed from a polyamine, typically a
poly(ethyleneamine).

[0068] Inone embodiment the invention further comprises
at least one dispersant derived from polyisobutylene succin-
imide with number average molecular weight in the range 350
to 5000, in one aspect 500 to 3000. The polyisobutylene
succinimide may be used alone or in combination with other
dispersants.

[0069] In one embodiment the invention further comprises
at least one dispersant derived from polyisobutylene, an
amine and zinc oxide to form a polyisobutylene succinimide
complex with zinc. The polyisobutylene succinimide com-
plex with zinc may be used alone or in combination.

[0070] Another class of ashless dispersant is Mannich
bases. Mannich dispersants are the reaction products of alkyl
phenols with aldehydes (especially formaldehyde) and
amines (especially polyalkylene polyamines). The alkyl
group typically contains at least 30 carbon atoms.

[0071] The dispersants may also be post-treated by conven-
tional methods by a reaction with any of a variety of agents.
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Among these are urea, thiourea, dimercaptothiadiazoles, car-
bon disulfide, aldehydes, ketones, carboxylic acids, hydro-
carbon-substituted succinic anhydrides, maleic anhydride,
nitriles, epoxides, boron compounds, and phosphorus com-
pounds.

[0072] Inoneembodimentofthe invention the dispersantis
borated using a variety of agents selected from the group
consisting of the various forms of boric acid (including
metaboric acid, HBO,, orthoboric acid, H;BO,, and tetrabo-
ric acid, H,B,0,), boric oxide, boron trioxide, and alkyl
borates. In one embodiment the borating agent is boric acid
which may be used alone or in combination with other borat-
ing agents.

[0073] Theborated dispersant may be prepared by blending
the boron compound and the N-substituted long chain alkenyl
succinimides and heating them at a suitable temperature,
typically 80° C. to 250° C., in one aspect 90° C.to 230° C. and
in another aspect 100° C. to 210° C., until the desired reaction
has occurred. The molar ratio of the boron compounds to the
N-substituted long chain alkenyl succinimides is typically
10:1to 1:4, inone aspect 4:1to 1:3, and in another aspect 1:2.
An inert liquid may be used in performing the reaction. The
liquid may include toluene, xylene, chlorobenzene, dimeth-
ylformamide and mixtures thereof.

[0074] Often the dispersant is present on an oil free basis at
010 10, in one aspect 0.01 to 5, in another aspect 0.02 to 2 and
in yet another aspect 0.05 or 0.1 to 1 weight percent of the
composition.

Detergents

[0075] Detergents, in addition to those described above as
components (a) and (b), are known and may include neutral or
overbased, Newtonian or non-Newtonian, basic salts of
alkali, alkaline earth and transition metals with one or more
hydrocarbyl sulphonic acid, carboxylic acid, phosphorus
acid, mono- and/or di-thiophosphoric acid, alkyl phenol, sul-
phur coupled alkyl phenol compounds, salixarates, saligenins
or mixtures thereof. Commonly used metals include sodium,
potassium, calcium, magnesium lithium or mixtures thereof.
Most commonly used metals include sodium, magnesium,
calcium or mixtures thereof. Detergents and in particular
overbased detergents and their preparation are disclosed in
U.S. Pat. No. 3,629,109.

Antioxidant

[0076] Antioxidant compounds are known and include a
diphenylamine, a hindered phenol, a molybdenum dithiocar-
bamate, a sulphurised olefin and mixtures thereof. Antioxi-
dant compounds may be used alone or in combination.
[0077] The diphenylamine antioxidant may be represented
by the formula:

. ()
O L

F Va

®),—

wherein R® and R* may be a hydrocarbyl groups, often ary-
lalkyl or alkyl groups. The arylalkyl groups may contain 6 to
20 and in another aspect 6 to 10 carbons atoms. The alkyl
groups may be linear or branched, especially linear; the alkyl
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groups may contain 1 to 24, in one aspect 2 to 18 and in
another aspect 4 to 12 carbon atoms; and z is independently O,
1, 2, or 3, provided that at least one aromatic ring contains a
hydrocarbyl group. Especially useful alkylated dipheny-
lamines include octyl diphenylamine, nonyl diphenylamine,
bis-octyl diphenylamine and bis-nonyl diphenylamine.
[0078] The hindered phenol antioxidant often contains a
secondary butyl and/or a tertiary butyl group as a sterically
hindering group. The phenol group is often further substituted
with a hydrocarbyl group and/or a bridging group linking to a
second aromatic group. Examples of suitable hindered phe-
nol antioxidants include 2,6-di-tert-butylphenol, 4-methyl-2,
6-di-tert-butylphenol, 4-ethyl-2,6-di-tert-butylphenol, 4-pro-
pyl-2,6-di-tert-butylphenol or 4-butyl-2,6-di-tert-
butylphenol 2,6-di-tert-butylphenol. In one embodiment the
hindered phenol antioxidant is an ester and may include, e.g.,
Irganox™ [.-135 from Ciba. A more detailed description of
suitable ester-containing hindered phenol antioxidant chem-
istry is found in U.S. Pat. No. 6,559,105.

[0079] Suitable examples of molybdenum dithiocarbam-
ates which may be used as an antioxidant include commercial
materials sold under the trade names such as Vanlube 822™
and Molyvan™ A from R. T. Vanderbilt Co., Ltd., and Adeka
Sakura-Lube™ S-100, S-165 and S-600 from Asahi Denka
Kogyo K. K and mixtures thereof.

[0080] Examples of suitable olefins that may be sulphu-
rised to form an antioxidant include propylene, butylene,
isobutylene, pentene, hexane, heptene, octane, nonene,
decene, undecene, dodecene, undecyl, tridecene, tetradecene,
pentadecene, hexadecene, heptadecene, octadecene, octa-
decenene, nonodecene, eicosene or mixtures thereof. In one
embodiment, hexadecene, heptadecene, octadecene, octa-
decenene, nonodecene, eicosene or mixtures thereof and their
dimers, trimers and tetramers are especially useful olefins.
Alternatively, the olefin may be a Diels-Alder adduct of a
diene such as 1,3-butadiene and an unsaturated ester such as
butyl(meth)acrylate.

[0081] Another class of sulphurised olefin includes fatty
acids and their esters. The fatty acids are often obtained from
vegetable oil or animal oil; and typically contain 4 to 22
carbon atoms. Examples of suitable fatty acids and their
esters include triglycerides, oleic acid, linoleic acid, palmi-
toleic acid or mixtures thereof. Often, the fatty acids are
obtained from lard oil, tall oil, peanut oil, soybean oil, cot-
tonseed oil, sunflower seed oil or mixtures thereof. In one
embodiment fatty acids and/or ester are mixed with olefins.
Sulphurised olefins may also provide extreme pressure per-
formance and antiwear functionality to the composition.
[0082] Often an antioxidant is present on an oil free basis at
0to 10, in one aspect 0.01 to 5, in another aspect 0.02 to 2 and
in yet another aspect 0.03 to 1 weight percent of the compo-
sition.

Antiwear Agent

[0083] Incertain embodiments of the invention the compo-
sition further contains (d) an antiwear agent such as a metal
hydrocarbyl dithiophosphate often represented by the for-
mula:
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(VIII)

wherein R® and RS are independently hydrogen, hydrocarbyl
groups or mixtures thereof, provided that at least one of R®
and R® is a hydrocarbyl group, in one aspect alkyl or
cycloalkyl with 2to 30, in one aspect 3 to 10 and in yet another
aspect 3 to 8 carbon atoms.

[0084] M'is a metal, and n is an integer equal to the avail-
able valence of M'. M' is mono- or di- or tri-valent, in one
aspect divalent and in another aspect a divalent transition
metal. In one embodiment M' is zinc. In one embodiment M'
is calcium. In one embodiment M' is barium. Examples of a
metal hydrocarbyl dithiophosphate include zinc dihydrocar-
byl dithiophosphates (often referred to as ZDDP, ZDP or
ZDTP). Examples of suitable zinc hydrocarbyl dithiophos-
phates compounds may include the reaction product(s) of
heptylated or octylated or nonylated dithiophosphoric acids
with ethylene diamine, morpholine or mixtures thereof.
[0085] In one embodiment, the antiwear agent is a salix-
arate detergent. These materials, which are also known as
salts of linear (or cyclic) compounds containing phenolic and
salicylic units, condensed with an aldehyde such as formal-
dehyde, are known from US Patent Publication 2004/
0186027. It is also known from this same document that these
materials are useful both for their detergent properties and as
antiwear agents. Salixarate detergents are also described in
copending U.S. application Ser. No. 10/751,809 filed 5 Jan.
2004

[0086] In an alternative embodiment the antiwear agent is
ashless i.e. the antiwear agent is metal-free. Often the metal-
free antiwear agent is an amine salt, for instance, a fatty amine
salt of a phosphoric acid ester. The ashless antiwear agent
often contains an atom including sulphur, phosphorus, boron
or mixtures thereof.

[0087] Suitable hydrocarbyl amine salts of alkylphosphoric
acid (which term is intended to include alkylthiophosphoric
acid) may be represented by the following formulas:

RZI —0 (o3 R24 RZS R27 —0 S R24 RZS
\P/ AN N( \P/ N\ N(
/ /
RZZ—O/ \o H \R23 or R25—O/ \s H \R23

wherein R** and R** are independently hydrogen or hydro-
carbyl groups such as alkyl groups; for the phosphorus acid
ester, at least one of R** and R** will be hydrocarbyl. R>* and
R?? may contain 4 to 30, or § to 25, or 10 to about 20, or 13 to
19 carbon atoms. R**>, R** and R*® can be independently
hydrogen or hydrocarbyl groups, such as alkyl branched or
linear alkyl chains with 1 to 30, or 4 to 24, or 6 to 20, or 10to
16 carbon atoms. These R**, R** and R** groups can be
branched or linear groups, and in certain embodiments at least
one, or alternatively two of R**, R** and R*® are hydrogen.
Examples of alkyl groups suitable for R**>, R** and R*®
include butyl, sec-butyl, isobutyl, tert-butyl, pentyl, n-hexyl,
sec-hexyl, n-octyl, 2-ethylhexyl, decyl, undecyl, dodecyl,
tridecyl, tetradecyl, pentadecyl, hexadecyl, heptadecyl, octa-
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decyl, octadecenyl, nonodecyl, eicosyl groups and mixtures
thereof. In one embodiment the hydrocarbyl amine salt of an
alkylphosphoric acid ester can be the reaction product of a
C,, to C,; alkylated phosphoric acid with Primene §1R™
(produced and sold by Rohm & Haas) which is a mixture of
C,, to C,, tertiary alkyl primary amines.

[0088] The amine is often a primary amine, a secondary
amine a tertiary amine or mixtures thereof. Often a primary
amine and/or a secondary amine will contain at least one
hydrocarbyl group with the number of carbon atoms present
from 2 to 30, in one aspect 8 to in one aspect 26, in another
aspect 10 to 20, and in yet another aspect 11 to 18.

[0089] Examples of primary amines useful in the present
invention include ethylamine, propylamine, butylamine,
2-ethylhexylamine, octylamine and dodecylamine. Also suit-
able primary fatty amines which include n-octylamine, n-de-
cylamine, n-dodecylamine, n-tetradecylamine, n-hexadecy-
lamine, noctadecylamine and oleyamine. Other useful fatty
amines include commercially available fatty amines such as
“Armeen®” amines (products available from Akzo Chemi-
cals, Chicago, IlIL.), such as Armeen C, Armeen O, Armeen
OL, Armeen T, Armeen HT, Armeen S and Armeen SD,
wherein the letter designation relates to the fatty group, such
as coco, oleyl, tallow, or stearyl groups.

[0090] Examples of suitable secondary amines include
dimethylamine, diethylamine, dipropylamine, dibutylamine,
diamylamine, dihexylamine, diheptylamine, methylethy-
lamine, ethylbutylamine and ethylamylamine. The secondary
amines may be cyclic amines such as piperidine, piperazine
and morpholine.

[0091] The amine may also be a tertiary-aliphatic primary
amine. Often the aliphatic group is an alkyl group containing
a number of carbon atoms from 2 to 30, in one aspect 6 to 26
and in another aspect 8 to 24. Often the tertiary alkyl primary
amines are monoamines such as tert-butylamine, terthexy-
lamine, 1-methyl-1-amino-cyclohexane, tert-octyl amine,
tert-decyl amine, tertdodecylamine, tert-tetradecylamine,
tert-hexadecylamine, tert-octadecylamine, terttetracosany-
lamine, and tert-octacosanylamine.

[0092] Mixtures of amines may also be used in the inven-
tion. Especially useful mixtures of amines are “Primene 81R”
and “Primene JMT.” Primene 81R and Primene JMT (both
produced and sold by Rohm & Haas) are mixtures of C,, to
C,,tertiary alkyl primary amines and C, ¢ to C,, tertiary alkyl
primary amines respectively.

[0093] The ashless antiwear agent may also include phos-
phoric acid esters or salts thereof;, dialkyldithiophosphoric
acid esters or salts thereof; phosphites; and phosphorus-con-
taining carboxylic esters, ethers, and amides or mixtures
thereof.

[0094] Other Ashless antiwear agent compounds include
sulphur-containing ashless anti-wear additives such as thio-
carbamate-containing compounds, such as thiocarbamate
esters, thiocarbamate amides, thiocarbamic ethers, alkylene-
coupled thiocarbamates, and bis(S-alkyldithiocarbamyl) dis-
ulfides.

[0095] The dithiocarbamate-containing compounds may
be prepared by reacting a dithiocarbamate acid or salt with an
unsaturated compound. The dithiocarbamate containing
compounds may also be prepared by simultaneously reacting
an amine, carbon disulfide and an unsaturated compound.
Generally, the reaction occurs at a temperature from 25° C. to
125° C. U.S. Pat. Nos. 4,758,362 and 4,997,969 describe
dithiocarbamate compounds and methods of making them.
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[0096] Useful fatty amines include commercially available
fatty amines such as “Armeen”® amines (products available
from Akzo Chemicals, Chicago, I11.), such as Akzo’s, Armeen
C, Armeen O, Armeen OL, Armeen T, Armeen HT, Armeen S
and Armeen SD, wherein the letter designation relates to the
fatty group, such as coco, oleyl, tallow, or stearyl groups.
[0097] In an alternative embodiment of the invention, the
ashless antiwear agent may be a monoester of a polyol and an
aliphatic carboxylic acid, often an acid containing 12 to 24
carbon atoms. Often the monoester of a polyol and an ali-
phatic carboxylic acid is in the form of a mixture with a
sunflower oil or the like, which may be present in the friction
modifier mixture from 5 to 95, in one aspect 10 to 90, in
another aspect 20 to 85 and in yet another aspect 20 to 80
weight percent of said mixture. The aliphatic carboxylic acids
(especially a monocarboxylic acid) which form the esters are
those acids containing 12 to 24 carbon atoms and in one
aspect 14 to 20 carbon atoms. Examples of carboxylic acids
include dodecanoic acid, stearic acid, lauric acid, behenic
acid, and oleic acid.

[0098] Polyols include diols, triols, and alcohols with
higher numbers of alcoholic OH groups. Polyhydric alcohols
include ethylene glycols, including di-, tri- and tetracthylene
glycols; propylene glycols, including di-, tri- and tetrapropy-
lene glycols; glycerol; butane diol; hexane diol; sorbitol; ara-
bitol; mannitol; sucrose; fructose; glucose; cyclohexane diol;
erythritol; and pentaerythritols, including di- and tripen-
taerythritol. Often the polyol is diethylene glycol, triethylene
glycol, glycerol, sorbitol, pentaerythritol or dipentaerythritol.
[0099] The commercially available monoester known as
“glycerol monooleate” is believed to include 60+5 percent by
weight of the chemical species glycerol monooleate, along
with 35+5 percent glycerol dioleate, and less than 5 percent
trioleate and oleic acid. The amounts of the monoesters,
described above, are calculated based on the actual, cor-
rected, amount of polyol monoester present in any such mix-
ture.

[0100] In one embodiment of the invention the antiwear
agent is a borate ester. The borate ester may be prepared by the
reaction of a boron compound and at least one compound
selected from epoxy compounds, halohydrin compounds,
epihalohydrin compounds, alcohols and mixtures thereof.
Typically the alcohols include monohydric alcohols, dihydric
alcohols, trihydric alcohols or higher alcohols.

[0101] Boron compounds suitable for preparing the borate
ester include a boric acid (including metaboric acid, HBO,,
orthoboric acid, H;BO;, and a tetraboric acid, H,B,0,), a
boric oxide, a boron trioxide and an alkyl borate. The borate
ester may also be prepared from boron halides. The borated
ester further contains at least one hydrocarbyl group often
containing about 8 to about 30 carbon atoms.

[0102] Inanother embodiment the antiwear agent can be a
fatty amide. This can be an amide based on the condensation
of a fatty amine as described above with a carboxylic acid, or
the condensation of a fatty acid with ammonia or an amine.
An illustrative fatty amide is oleamide.

[0103] Often the antiwear agent is present on an oil free
basis from 0 to 10, in one aspect 0.01 to 5, in another aspect
0.02 to 2 and in yet another aspect 0.05 to 1 weight percent of
the composition. The antiwear agent may be used alone or in
combination.

Antiscuffing Agent

[0104] The lubricant may also contain an antiscuffing
agent. Antiscuffing agent compounds are believed to decrease
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adhesive wear are often sulphur containing compounds. Typi-
cally the sulphur containing compounds include organic sul-
phides and polysulphides, such as dibenzyldisulphide, bis
(chlorobenzyl) disulphide, dibutyl tetrasulphide, di-tertiary
butyl polysulphide, sulphurised methyl ester of oleic acid,
sulphurised alkylphenol, sulphurised dipentene, sulphurised
terpene, sulphurised Diels-Alder adducts, alkyl sulphenyl
N'N-dialkyl dithiocarbamates, the reaction product of
polyamines with polybasic acid esters, chlorobutyl esters of
2,3-dibromopropoxyisobutyric acid, acetoxymethyl esters of
dialkyl dithiocarbamic acid and acyloxyalkyl ethers of xan-
thogenic acids and mixtures thereof.

Extreme Pressure Agents

[0105] Extreme Pressure (EP) agents that are soluble in the
oil include sulphur- and chlorosulphur-containing EP agents,
chlorinated hydrocarbon EP agents and phosphorus EP
agents. Examples of such EP agents include chlorinated wax;
organic sulphides and polysulphides such as dibenzyldisul-
phide, bis(chlorobenzyl) disulphide, dibutyl tetrasulphide,
sulphurised methyl ester of oleic acid, sulphurised alkylphe-
nol, sulphurised dipentene, sulphurised terpene, and sulphu-
rised Diels-Alder adducts; phosphosulphurised hydrocar-
bons such as the reaction product of phosphorus sulphide
with turpentine or methyl oleate; phosphorus esters such as
the dihydrocarbon and trihydrocarbon phosphites, e.g., dibu-
tyl phosphite, diheptyl phosphite, dicyclohexyl phosphite,
pentylphenyl phosphite; dipentylphenyl phosphite, tridecyl
phosphite, distearyl phosphite and polypropylene substituted
phenol phosphite; metal thiocarbamates such as zinc dio-
ctyldithiocarbamate and barium heptylphenol diacid; the zinc
salts of a phosphorodithioic acid; amine salts of alkyl and
dialkylphosphoric acids, including, for example, the amine
salt of the reaction product of a dialkyldithiophosphoric acid
with propylene oxide; and mixtures thereof.

[0106] Other performance additives such as corrosion
inhibitors including octylamine octanoate, condensation
products of dodecenyl succinic acid or anhydride and a fatty
acid such as oleic acid with a polyamine; metal deactivators
including derivatives of benzotriazoles, 1,2,4-triazoles, ben-
zimidazoles, 2-alkyldithiobenzimidazoles or 2-alky-
Idithiobenzothiazoles; foam inhibitors including copolymers
of ethyl acrylate and 2-ethylhexylacrylate and optionally
vinyl acetate; demulsifiers including trialkyl phosphates,
polyethylene glycols, polyethylene oxides, polypropylene
oxides and (ethylene oxide-propylene oxide) polymers; pour
point depressants including esters of maleic anhydride-sty-
rene, polymethacrylates, polyacrylates or polyacrylamides;
viscosity modifiers including styrene-butadiene rubbers, eth-
ylene-propylene copolymers, hydrogenated styrene-isoprene
polymers, hydrogenated radical isoprene polymers, poly
(meth)acrylate acid esters, polyalkyl styrenes, polyolefins,
polyalkylmethacrylates and esters of maleic anhydride-sty-
rene copolymers; and friction modifiers including fatty acid
derivatives such as amines, esters, epoxides, fatty imidazo-
lines, condensation products of carboxylic acids and poly-
alkylenepolyamines and amine salts of alkylphosphoric acids
may also be used in the composition of the invention.
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Process

[0107] The invention also includes a process to prepare the
composition of the present invention, comprising mixing:
[0108] (a) atleast 3 weight percent of an overbased sulpho-
nate detergent with a metal ratio of 12.5:1 to 40:1;

[0109] (b) at least 1.5 weight percent of a sulphur contain-
ing phenate detergent with a metal ratio of not more than 3;
and

[0110] (c) an oil of lubricating viscosity,

wherein the sulphur containing phenate contains oligomers of
hydrocarbyl phenol with at least 50 wt % of said oligomers in
the form of the tetramer or higher oligomers.

[0111] If an additional component (d) such as an antiwear
agent is present, such component can also be mixed with (a),
(b), and (c), in any order.

[0112] The mixing conditions are typically 15° C. to 130°
C., in one aspect 20° C. to 120° C. and in another aspect 25°
C.10 110° C.; and for a period of time in the range 30 seconds
to 48 hours, in one aspect 2 minutes to 24 hours, and in
another aspect 5 minutes to 16 hours; and at pressures in the
range 86.4 kPa to 266 kPa (650 mm Hg to 2000 mm Hg), in
one aspect 91.8 kPato 200 kPa (690 mm Hg to 1500 mm Hg),
and in another aspect 95.1 kPa to 133 kPa (715 mm Hg to
1000 mm Hg).

[0113] The process optionally includes mixing other per-
formance additives as described above. The optional perfor-
mance additives may be added sequentially, separately or as a
concentrate.

[0114] If the present invention is in the form of a concen-
trate (which may be combined with additional oil to form, in
whole or in part, a finished lubricant), the ratio of each of the
above-mentioned dispersant, as well as other components, to
diluent oil is typically in the range of 80:20 to 10:90 by
weight.

INDUSTRIAL APPLICATION

[0115] Thecompositions ofthe present invention are useful
as detergents in an internal combustion engines, for example
diesel fuelled engines, gasoline fuelled engines, natural gas
fuelled engines or a mixed gasoline/alcohol fuelled engines.
[0116] In one embodiment of the invention provides a
method for lubricating an internal combustion engine, com-
prising supplying thereto a lubricant comprising the compo-
sition as described herein. The invention is suitable for
2-stroke or 4-stroke marine diesel engines, especially
2-stroke engines. The use of the composition may impart one
or more of improved cleanliness, reduced wear (especially
cylinder wear) and reduced deposits.

[0117] The following examples provide an illustration of
the invention. These examples are non exhaustive and are not
intended to limit the scope of the invention.

EXAMPLES
Preparative Example 1
Formation of 500 TBN Sulphonate

[0118] A sample of a 500 TBN sulphonate detergent is
prepared using a flange vessel with flange and clip, overhead
stirrer with paddle and polytetrafluoroethylene (PTFE) stirrer
gland, Dean Stark trap and double surface condenser, a
mantle/thermocouple temperature controller system, the
equipment from just above the mantle to just below the con-
denser being covered with glass wool. The vessel is charged
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with 35.1 parts by weight of C16-C24 alkylbenzene sul-
phonic acid and 31.8 parts by weight of mineral oil (SN 150)
and heated to 30° C. The reactor is charged through a port
with alcohols containing methanol and a mixture of iso-bu-
tanol/amyl alcohol present at 11.6 parts by weight. The
weight ratio of methanol to the mixture of iso-butanol/amyl
alcohol is 1.31. The reactor is charged with 14.9 parts by
weight of calcium hydroxide and the mixture is heated to 54°
C. where carbon dioxide is added to form a carbonated prod-
uct. The carbonated product is further treated three more
times with similar (or equal) portions of calcium hydroxide
and carbon dioxide. Water is removed by stripping before
repeating the addition of alcohol, calcium hydroxide and
carbon dioxide 2 times. The product is stripped and filtered.

Reference Examples R1-R7
Reference Example 1
R1

[0119] An oil of lubricating viscosity is prepared by blend-
ing 80 wt % of Exxon™ GOON oil with 11.9 mm?®s~" (cSt) at
100° C. with 20 wt % of Exxon™ 150BS oil with 31.7
mm?s~ (cSt) at 100° C. A commercially available conven-
tional sulphur containing phenate detergent (“type 1) and a
sulphonate detergent with a total base number of 500 are
added to the oil of lubricating viscosity on an oil free basis at
4.6 wt % and 12.9 wt % respectively. The “sulphur containing
phenate detergent (‘type 1°)” has a metal ratio of 8.6:1. The
alkylphenol of the sulphur containing phenate oligomer has
22 wt % in the form of the dimer, 23 wt % in the form of the
trimer and 46 wt % in the form of the tetramer or higher
oligomers.

Reference Example 2
R2

[0120] The experimental procedure is identical to the pro-
cess of Reference Example 1, except the phenate detergent is
commercially available conventional sulphur containing
phenate detergent (“type 2”). The “sulphur containing phen-
ate detergent type 2” has a metal ratio of 7.7:1. The alkylphe-
nol ofthe sulphur containing phenate oligomer has 22 wt % in
the form of'the dimer, 23 wt % in the form of the trimer and 46
wt % in the form of the tetramer or higher oligomers.

[0121] Reference Example 3 (R3) The experimental proce-
dure is identical to the process of Reference Example 1,
except the phenate detergent is added on an oil free basis at
3.08 wt % and the sulphonate is added at 13.33 wt %.

Reference Example 4
R4

[0122] The experimental procedure is identical to the pro-
cess of Reference Example 2, except the phenate detergent is
added on an oil free basis at 3.08 wt % and the sulphonate is
added at 13.33 wt %.

Reference Example 5

RS

[0123] The experimental procedure is identical to the pro-
cess of Reference Example 1, except a detergent package of a
sulphonate with a total base number of 400 is on an oil free
basis added at 7.5 wt %; and a commercially available phen-
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ate detergent with a total base number of 250 is added on an
oil free basis at 16 wt %. Furthermore the oil of lubricating
viscosity contains on an oil free basis a polyisobutylene suc-
cinimide dispersant at 1.2 wt %.

Reference Example 6
R6

[0124] The experimental procedure is identical to the pro-
cess of Reference Example 1, except sulphonate with a total
base number 0f 400 is added on an oil free basis at 1.93 wt %;
and a commercially available phenate detergent with a total
base number of 250 is added on an oil free basis at 3.0 wt %.

Reference Example 7
R7

[0125] The experimental procedure is identical to the pro-
cess of Reference Example 1, except sulphonate with a total
base number of 400 is added on an oil free basis at 3.2 wt %;
and a commercially available phenate detergent with a total
base number of 250 is added on an oil free basis at 1.3 wt %.

Reference Examples 8-10

[0126] Reference Examples 8 to 10 are believed to be rep-
resentative of commercially available materials containing an
oil of lubricating viscosity and a detergent package (on a oil
free basis) of 14.3 wt % of 250 TBN overbased phenate and
2.3 wt % of a 400 TBN sulphonate for Reference Example 8
(R8); 9.7 wt % of 250 TBN overbased phenate and 4.7 wt %
otf'a 400 TBN sulphonate for Reference Example 9 (R9); and
4.8 wt% ot 250 TBN overbased phenate and 7.7 wt % of 2400
TBN sulphonate for Reference Example 10 (R10).

Reference Example 11

[0127] Reference Example 11 is believed to be a commer-
cially available material containing an oil of lubricating vis-
cosity and a detergent package (on a oil free basis) of 1 wt %
of 250 TBN overbased phenate and 9 wt % of a 400 TBN
sulphonate; and an antiwear package containing on a oil free
basis 0.5 wt % of a borated dispersant; 0.22 wt % of a zinc
dithiophosphate; and 0.25 wt % of a sulphurised olefin.

Example 1
Ex1

[0128] The experimental procedure is identical to the pro-
cess of Reference Example 1, except the phenate detergent is
a commercially product available from The Lubrizol Corpo-
ration with a total base number of 150. The phenate detergent
has a metal ratio of 1:1. The alkylphenol of the sulphur con-
taining phenate is oligomerised with 13 wt % in the form of
the dimer, 21 wt % in the form of'the trimer and 60 wt % in the
form of the tetramer or higher oligomers.

Example 2
Ex2

[0129] The experimental procedure is identical to the pro-
cess of Reference Example 3, except the phenate detergent is
the commercially available product of Ex1 with a total base
number of 150.

Example 3
Ex3

[0130] The experimental procedure is identical to the pro-
cess of Reference Example 1, except a detergent package of a
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sulphonate with a total base number of 500 is added on an o0il
free basis at 10.67 wt %; and the commercially available
phenate detergent of Ex1, TBN 150, is added on an oil free
basis at 5.56 wt %. Furthermore the oil of lubricating viscos-
ity contains on an oil free basis a polyisobutylene succinimide
dispersant in an amount of 1.2 wt %.

Example 4
Ex4

[0131] The experimental procedure is identical to the pro-
cess of Reference Example 3, except the sulphonate with a
total base number of 500 is added on an oil free basis at 9.52
wt % and the commercially available phenate detergent of Ex
1, TBN 150, is added on an oil free basis at 14.93 wt %.
Furthermore the oil of lubricating viscosity contains on an oil
free basis a polyisobutylene succinimide dispersant at 0.6 wt
%.

Example 5
Ex5

[0132] The experimental procedure is identical to the pro-
cess of Reference Example 3, except the sulphonate with a
total base number of 500 is added on an oil free basis at 12.66
wt % and the commercially available phenate detergent of
Ex1, TBN 150, is added on an oil free basis at 4.62 wt %.
Furthermore the oil of lubricating viscosity contains on an oil
free basis a zinc oxide-polyisobutylene succinimide dispers-
ant at 0.81 wt %.

Example 6
Ex6

[0133] The experimental procedure is identical to the pro-
cess of Reference Example 5, except the sulphonate with a
total base number of 500 is added on an oil free basis at 12.88
wt % and the commercially available phenate detergent of
Ex1, TBN 150, is added on an oil free basis at 3.85 wt %.

Example 7
Ex7

[0134] The experimental procedure is identical to the pro-
cess of Reference Example 5, except the sulphonate with a
total base number of 500 is added on an oil free basis at 12.33
wt % and the commercially available phenate detergent of
Ex1, TBN 150 is added on an oil free basis at 2.31 wt %.

Example 8
Ex8
[0135] The experimental procedure is identical to the pro-
cess of Reference Example 5, except the sulphonate with a
total base number of 500 is added on an oil free basis at 13.77

wt % and the commercially available phenate detergent of
Ex1, TBN 150, is added on an oil free basis at 0.77 wt %.

Example 9
Ex9

[0136] Example 11 is the same as Reference Example 11,
except the 250 TBN overbased phenate has been replaced
with 3.4 wt % of the commercially available phenate deter-
gent of Ex1, TBN 150.

Example 10
Ex10

[0137] The experimental procedure is identical to the pro-
cess of Reference Example 1, except a detergent package of a
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sulphonate with a total base number of 500 is added on an oil
freebasis at 8.8 wt %; and the commercially available phenate
detergent of Ex1, TBN 150is added on an oil free basis at 4 wt
%. Furthermore the oil of lubricating viscosity contains on an
oil free basis a non-borated polyisobutylene succinimide dis-
persant at 0.6 wt %.

Example 11
Ex11

[0138] The experimental procedure is identical to the pro-
cess of Reference Example 1, except a detergent package of a
sulphonate with a total base number of 500 is added on an oil
free basis at 8.8 wt %; and the commercially-available phen-
ate detergent, TBN 150, is added on an oil free basis at 4 wt %.
Furthermore the oil of lubricating viscosity contains on an oil
free basis a borated polyisobutylene succinimide dispersant
at 0.5 wt %; a zinc dialkyldithiophosphate at 0.23 wt %; and
a sulphurised olefin present at 0.25 wt %.

Example 12
Ex12

[0139] The experimental procedure is identical to the pro-
cess of Reference Example 1, except a detergent package of a
sulphonate with a total base number of 500 is added on an oil
free basis at 6.4 wt %; and the commercially-available phen-
ate detergent, TBN 150, is added on an oil free basis at 1.5 wt
%; and an antiwear package containing a borated dispersant is
added on an oil free basis at 0.5 wt % and glycerol monooleate
present on an oil free basis at 0.5 wt %.

Example 13
Ex13

[0140] The experimental procedure is identical to the pro-
cess of Reference Example 1, except a phosphoric acid ester
amine salt is added on an oil free basis at 0.5 wt %.

Test 1: Pressurised Differential Scanning Calorimetry
(PDSC)

[0141] Approximately 2.50 mg+0.25 mg of sample is
placed in a “TA DSC 2920™ Calorimeter,” heated to 215° C.
at40° C. min~" and held at 690 kPa. The oxidation induction
time for an oil of lubricating viscosity is determined by cal-
culating the length of time a heated sample takes to oxidise.
The results obtained by testing the lubricants of the indicated
Examples are as shown:

Example PDSC Oxidation Induction Time (mins)
R1 35.1

R2 29.5

Ex1 50

R3 27.1

R4 16.1

Ex2 43

Test 2: Panel Coker

[0142] Approximately 233 gofsampleis placedina 250 ml
Panel Coker apparatus and heated to 325° C. The sample is
splashed against a metal plate for 15 seconds and then baked
for 45 seconds. The splashing and baking cycle is continued
for approximately 3 hours. The sample is cooled to room
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temperature and the amount of deposits left on the metal plate
is weighed. The results obtained by testing the lubricants of
the indicated Examples are as shown:

Example Deposits (mg)
R1 140
R2 297
Ex1 110
R3 264
R4 353
Ex2 217
R5 88.3
Ex3 24.9
Ex4 154
R6 88.9
Ex5 19.2
Ex6 53.4
R7 3344
Ex7 112.5
Ex8 183.2
R8 63
RO 102
R10 167
Ex9 68
R11 177

Test 3: Cameron Plint of Examples 10 and 11

[0143] The Cameron Plint TE-77™ is a reciprocating wear
tester. In this test a steel ball upper specimen is reciprocated
against a steel flat lower specimen. The sample is initially
treated with 3.5 wt % sulphuric acid. The Cameron Plint is
then charged with 10 ml of the sample and heated to 50° C.
and held for 20 minutes. The sample is then subject to a load
of'25 N over two minutes while at the same time the recipro-
cation is started at 10 Hz over 15 mm stroke length. The
sample is then heated to 350° C. at 2° C. per minute and held
for 3 hours. At the end of the test the Onset of film failure is
measured. The mid point of film failure is determined by the
temperature at which the oil film as measured by the contact
potential, first falls to half of its starting value. The results
obtained by testing the lubricants of the indicated Examples
are as shown:

Example Onset of Film Failure (° C.) Mid-Point of Film Failure (° C.)
Ex10 210 245

Ex11 280 315

Ex12 270 295

Ex13 295 300

[0144] The analysis of the experimental data obtained for

the following combinations of reference examples and inven-
tion examples R1, R2 with Ex3; R1, R4 with Ex2; RS with
Ex3 and Ex4; R6 with Ex5 and Ex6; and R7 with Ex7 and
Ex8; Ex10 with Ex11; Ex12 and Ex13 shows that overbased
sulphonate detergents used in combination with the sulphur
containing phenate detergents of the invention, have
improved oil oxidation properties, reduced wear and less
deposit formation than combinations of overbased sulpho-
nate detergents and other commercially available sulphur
containing phenate detergents.

[0145] Each ofthe documents referred to above is incorpo-
rated herein by reference. Except in the Examples, or where
otherwise explicitly indicated, all numerical quantities in this
description specifying amounts of materials, reaction condi-



US 2011/0143977 Al

tions, molecular weights, number of carbon atoms, and the
like, are to be understood as modified by the word “about.”
Unless otherwise indicated, each chemical or composition
referred to herein should be interpreted as being a commercial
grade material which may contain the isomers, by-products,
derivatives, and other such materials which are normally
understood to be present in the commercial grade. However,
the amount of each chemical component is presented exclu-
sive of any solvent or diluent oil, which may be customarily
present in the commercial material, unless otherwise indi-
cated. It is to be understood that the upper and lower amount,
range, and ratio limits set forth herein may be independently
combined. Similarly, the ranges and amounts for each ele-
ment of the invention may be used together with ranges or
amounts for any of the other elements. As used herein, the
expression “consisting essentially of” permits the inclusion
of'substances that do not materially affect the basic and novel
characteristics of the composition under consideration.
[0146] As used herein, the term “hydrocarbyl substituent”
or “hydrocarbyl group” is used in its ordinary sense, which is
well-known to those skilled in the art. Specifically, it refers to
a group having a carbon atom directly attached to the remain-
der of the molecule and having predominantly hydrocarbon
character. Examples of hydrocarbyl groups include:

[0147] hydrocarbon substituents, that is, aliphatic (e.g.,
alkyl or alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl)
substituents, and aromatic-, aliphatic-, and alicyclic-substi-
tuted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the
molecule (e.g., two substituents together form a ring);
[0148] substituted hydrocarbon substituents, that is, sub-
stituents containing non-hydrocarbon groups which, in the
context of this invention, do not alter the predominantly
hydrocarbon nature of the substituent (e.g., halo (especially
chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmer-
capto, nitro, nitroso, and sulfoxy);

[0149] hetero substituents, that is, substituents which,
while having a predominantly hydrocarbon character, in the
context of this invention, contain other than carbon in a ring or
chain otherwise composed of carbon atoms. Heteroatoms
include sulfur, oxygen, nitrogen, and encompass substituents
as pyridyl, furyl, thienyl and imidazolyl. In general, no more
than two, in one aspect no more than one, non-hydrocarbon
substituent will be present for every ten carbon atoms in the
hydrocarbyl group; typically, there will be no non-hydrocar-
bon substituents in the hydrocarbyl group.

What is claimed is:

1. A composition comprising:

(a). at least about 3 weight percent of an overbased sulpho-
nate detergent with a metal ratio of about 12.5:1 to about
40:1;

(b). at least about 1.5 weight percent of a sulphur contain-
ing phenate detergent with a metal ratio of not more than
about 3;

(c). an oil of lubricating viscosity; and

(d). an antiwear agent selected from the group consisting of
salixarates, fatty amides, amine salts of phosphoric acid
esters, thiocarbamate esters, thiocarbamates amides,
thiocarbamic ethers, alkylene-coupled thiocarbamates,
bis(S-alkyldithocarbamyl)disulfides, monoesters of
polyols and aliphatic carboxylic acids, and borate esters,

wherein the sulphur containing phenate contains oligomers of
hydrocarbyl phenol with at least about 50 wt % of said oli-
gomers in the form of the tetramer or higher oligomers.
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2. The composition of claim 1, wherein the antiwear agent
contains an atom of sulphur, phosphorus, boron or mixtures
thereof.

3. The composition of claim 2, wherein the antiwear agent
is a sulphur-containing thiocarbamate.

4. The composition of claim 3, wherein the thiocarbamate
is selected from the group consisting of thiocarbamate esters,
thiocarbamate amides, thiocarbamic ethers, alkylene-
coupled thiocarbamates, and bis(S-alkyldithiocarbamyl) dis-
ulfides.

5. The composition of claim 1, wherein the antiwear agent
comprises amonoester of a polyol and an aliphatic carboxylic
acid.

6. The composition of claim 5, wherein the antiwear agent
comprises glycerol monooleate.

7. The composition of claim 1 wherein the antiwear agent
is an ashless antiwear agent.

8. The composition of claim 1, wherein the sulphonate
detergent has a total base number of at least about 400.

9. The composition of claim 1, wherein the sulphur con-
taining phenate detergent is represented by the formula:

an

oM oM oM
k X s AN Sy x g
®w RO . /\<R2>w

wherein the number of sulphur atoms y is 1 to about 8; T is
hydrogen or an (S), linkage terminating in hydrogen, an ion or
a non-phenolic hydrocarbyl group sulphur; M is hydrogen, a
valence of a metal ion, an ammonium ion and mixtures
thereof, provided hydrogen is present on less than about 30%
of the M entities; and R? is hydrogen or hydrocarbyl groups
containing about 4 to about 80 carbon atoms; x is 0 to about
10, provided that at least about 50% of x is about 2 or higher;
W, is in the range from O to about 3, provided that at least one
aromatic ring contains an R? substituent and the total number
of carbon atoms in the R? groups is at least about 8.

10. The composition of claim 1, wherein the sulphur con-
taining phenate detergent contains less than about 20 wt %
dimeric structures.

11. The composition of claim 1, wherein the sulphur con-
taining phenate detergent contains a substrate level excluding
metal M and any carbonate of M in the range about 45 to about
95 wt % of the sulphur containing phenate detergent.

12. The composition of claim 1, wherein the sulphur con-
taining phenate detergent has a total base number between
about 30 to about 220.

13. The composition of claim 1 further comprising a
borated dispersant.

14. A method for lubricating an internal combustion
engine, comprising supplying thereto a lubricant comprising
the composition of claim 1.

15. The method of claim 14, wherein the internal combus-
tion engine is a marine diesel engine.

16. The method of claim 15, wherein the internal combus-
tion engine is 2-stroke engine.
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