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ALKALINE EARTH METAL SULPHURISED HYDROCARBYL
PHENATE-CONTAINING ADDITIVE CONCENTRATE, PROCESS FOR ITS PRODUCTION

AND USE THEREOF

The present invention relates in general to an alkaline earth
metal sulphurised hydrocarbyl phenate-containing additive concentrate
having a total base number (TBN) greater than 300, a process for its
production and finished lubricating oil compositions containing the

b additive concentrate. .

In the internal combustion engine, by-products from the
combustion chamber often blow by the piston and admix with the
lubricating oil. Many of these by-products form acidic materials
within the lubricating oil. This is particularly marked in diesel

10 engines operating on low-grade fuels of high sulphur content wherein
corrosive acids are produced by combustion. The acids thereby

incorporated in the lubricating oil can include sulphur acids

e

- ® produced by oxidation of sulphur, hydrohalic acids derived from

halogen lead scavengers in the fuel and nitrogen acids produced by

15 the oxidation of atmospheric nitrogen within the combustion chamber.
Such acids cause deposition of sludge and corrosion of the bearings
ahd engine parts leading to rapid wear and early breakdown of the
engine.

One class of compounds generally employed to neutralise the

20  acidic materials and disperse sludge within the lubricating oil are
the sulphurised metal alkyl phenates, wherein the metal is an
alkaline earth metal such as calcium, magnesium or barium. Both
"normal” and "overbased" sulphurised alkaline earth metal alkyl
phenates have been employed. The term "overbased" is used to

25 describe those sulphurised alkaline earth metal alkyl phenates in
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5 earth metal moiety to phenol moiety in "normal" alkaline earth metal
alkyl phenates is one. Thus, the "overbased" material contains
greater than 20% in excess of the alkaline earth metal present in the
corresponding "normal" material. For this reason "overbased"
sulphurised alkaline earth metal alkyl phenates have a greater

10 capability for neutralising acidic matter than do the corresponding

"normal" alkaline earth metal alkyl phenates.

Alkaline earth metal sulphurised hydrocarbyl phenate-containing
compositions having a high TBN (total base number as measured in mg

KOH/g by the method of ASTM D2896), that is a TBN greater than 300,

15  typically greater than 350, and a viscosity measured at 100°C of less
than 1,000 cSt, preferably less than 750 cSt, more preferably less
than 500 cSt, and processes for producing them are known. Thus, our

EP-A-271 262 discloses an additive concentrate suitable for

incorporation into a finished lubricating oil composition, the

20 additive concentrate comprising:

(a) a lubricating oil,

(b) a lubricating oil soluble sulphurised or non-sulphurised
alkaline earth metal hydrocarbyl phenate modified by
incorporation of from greater than 2 to less than 40% by weight

25 based on the weight of the composition of either (i) at least

one carboxylic acid having the formula:-

R - CH - COOH (I)
rl
30 wherein R is a Cjg to Cy4 alkyl or alkenyl group and RI is

either hydrogen, a Cy to C4 alkyl group or a ~CH5~COOH group,
or an anhydride, acid chloride or ester thereof or (ii) a di~
or polycarboxylic acid containing from 36 to 100 carbon atoms"
or an anhydride, acid chloride or ester thereof, the

35 composition having a TBN greater than 300.
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"2 which the ratio of the number of equivalents of the alkaline earth netal
noi ety to the nunber of equival ents of 3the phenol noiety is greater than
one, and is usually greater than 1.2 and may be as high as 4.5 or greater.
In contrast, the equivalent ratio of alkaline 5 earth netal noiety to
phenol noiety in "normal" al kaline earth netal al kyl phenates is one. Thus,
the "overbased" material contains greater than 20% in excess of the
alkaline earth netal present in the corresponding "normal" material. For

this reason "oveidaaedivaUtdidhi Shd adKaki filepsadd By Riadki@] k¥l phenates
have a greater capability for neutralising acidic matter than do the

10
cor r espondP IRy 2+ 7D TP AHRY| (19 e SWPFRCATRY B PREPRY 12 BHRPYS. (AVIBD i ne earth
met al sul plkailéesl daytht aeaabaspheriat £-soafémt BLElY as a polyhydric

alcohol, (4) a lubricating oil, (5) carbon dioxide, and (6)

5 sufficient to provide from greater than 2 to less than 40% by weight
based on the weight of the coﬁcentrate of either (i) a carboxylic
acid having the formula (I) or an acid anhydride, acid chloride or
ester thereof or (ii) a di~ or polycarboxylic acid containing from 36
to 100 carbon atoms or an acid anhydride, acid chloride or ester

10 thereof. Our EP-A-273588 also discloses an alkaline earth metal
sulphurised hydrocarbyl phenate-~containing composition having a high
TBN. The composition can be prepared by reacting at elevated
temperature (A) a sulphurised alkaline earth metal hydrocarbyl
phenate having a TBN less than that of the final additive

15 concentrate, (B) an alkaline earth metal base added in either a
single addition or in a plurality of additions at intermediate points
during the reaction, (C) either a polyhydriec alcohol having from 2 to
4 carbon atoms, a di- or tri- (Cy to C4) -glycol, an alkylene glycol
alkyl ether or a polyalkylene glycol alkyl ether, (D) a lubricating

20 o0il, (E) carbon dioxide added subsequent to the, or each, addition or
component (B), and (F) sufficient to provide from greater than 2 to
35% by weight based on the weight of the concentrate of either (i) a
carboxylic acid having the formula (I) or an acid anhydride, or ester
thereof or (ii) a di- or polycarboxylic acid containing from 36 to

25 100 carbon atoms or an acid anhydride, or ester thereof, the weight
ratio of components (A) to (F) being such as to produce a concentrate
having a TBN greater than 300. Thus the process of EP-A-271262 is
one for the production of a high TBN alkaline earth metal containing
composition from the precursors of a sulphurised hydrocarbyl phenol

__30 ie a hydrocarbyl phenol and elemental sulphur (first-intent process),

| whereas the process of EP-A-273588 is a process for the production of
a high TBN alkaline earth metal containing composition by upgrading a
pre-formed alkaline earth metal sulphurised hydrocarbyl phenate
(upgrade process).

35 Relative to lubricating oil, for example, the cost of
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“conpositions having a high TBN (total base nunber as neasured in ng KOH g
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typically greater than 350, and a viscosity nmeasured at 100[err] C of |ess
than 1,000 cSt, preferably less than 750 cSt, nore preferably |l ess than 500
cSt, and processes for producing them are known. Thus, our EP-A-271 262

di scl oses an additive concentrate suitable for incorporation into a
finished lubricating oil caonposition, the 20 additive concentrate
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5 oil their cost is higher than it might otherwise be. Expressed in
another way, the scale up factor, that is the ratio of the weight of
the higher TBN alkaline earth metal sulphurised hydrocarbyl phenol-
containing concentrate (Yg) to the weight of alkaline earth metal
sulphurised hydrocarbyl phenate or its precursors in the initial

10 reactants (Xg) in the prior art processes is low. Typically in the
process of EP-A-273588, for example} the scale up factor is in the
range from 1 to 1.5. The prior art problem to be solved therefore is
that of how to increase the proportion of lubricating oil
incorporated in the alkaline earth metal sulphurised hydrocarbyl

15 phenate containing concentrate composition relative to hydrocarbyl
phenol, thereby lowering the cost of the product, without
substantially affecting its properties or, expressed in terms of
scale up factor how to increase the scale up factor. We have found
that the solution to the problem is to increase the sulphur content

20 of the reactants. For reasons which are not fully understood a high
sulphur level in the reactants appears to facilitate increased
incorporation of lubricating oil in the concentrate relative to
hydrocarbyl phenol, without detracting from a high TBN.

Accordingly, the present invention provides an additive

25 concentrate having a TBN greater than 300 suitable for incorporation
into a finished lubricating oil composition comprising:-

(I) a first alkaline earth metal sulphurised hydrocarbyl phenate
obtained by overbasing a second alkaline earth metal sulphurised
hydrocarbyl phenate, or its precursors, and

30 (II) a lubricating oil,

wherein the amount of lubricating oil (II) in the additive
concentrate is such that the ratio of the weight of the additive
concentrate to the weight of the second alkaline earth metal
sulphurised hydrocarbyl phenate, or its precursors, is at least 3.0.

35 The first alkaline earth metal sulphurised hydrocarbyl phenate
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30 wherein Ris a Cferr] to Cferr] alkyl or alkenyl group and
Rlerr] is either hydrogen, a CJerr] to5C[err] alkyl group or a -CH2- COOH
group, or an anhydride, acid chloride or ester thereof or (ii) a di- or
pol ycarboxylic acid containing from36 to 100 carbon atons or an anhydri de,
acid chloride or ester thereof, the 35 conposi tion having a TBN
greater than 300. 3 The additive concentrate can be prepared by reacting
at elevated tenperature (1) a hydrocarbyl phenol and sul phur, (2) an
al kal i ne ets hefetadly baseind by oveobawing & uehoms adkfidnyghydrthcmedaaohol , (4)

o 0Ll B SDOE, 5 A ) sen s ) ik Pr v
sulphur, or its precursors.
A preferred additive concentrate having a TBN greater than 300
5 suitable for incorporation into a finished lubricating oil

composition comprises:-

(I') a first alkaline earth metal sulphurised hydrocarbyl phenate,

and

(II') a lubricating oil,

10 the first alkaline earth metal sulphurised hydrocarbyl phenate (I)
having being obtained by overbasing a second alkaline earth metal
sulphurised hydrécarbyl phenate containing at least 4% by weight
sulphur, or its precursors, in the presence of the lubricating oil
(II), the amount of the lubricating oil (II) being such that the

15 ratio of the weight of the additive concentrate to the weight of the
second alkaline earth metal sulphurised hydrocarbyl phenate, or its
precursors, is at least 3.0.

Additive concentrates according to the invention have the
advantage that they incorporate larger amounts of lubricating oil

20 than hithereto, thereby rendering them cheaper, whilst retaining a
high TBN and without detracting substantially from other valuable
properties.

In another aspect the present invention provides a process for
the production of an additive concentrate having a TBN greater than

25 300 suitable for incorporation into a finished lubricating oil which
process comprises reacting at elevated temperature:

(a) at least one compound which is either (i) a hydrocarbyl -
substituted phenol and a source of sulphur in an amount
sufficient to provide a sulphurised hydrocarbyl phenol

30 containing at least 4% by weight sulphur, (ii) a sulphurised

hydrocarbyl phenol containing less than 4% by weight sulphur
and a source of sulphur in an amount sufficient to increase the
sulphur content of the sulphurised hydrocarbyl phenol to at
least 4% by weight, (iii) an alkaline earth metal sulphurised

35 hydrocarbyl phenate containing at least 4% by weight sulphur,
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"based on the weight of the concentrate of either (i) a carboxylic acid
having the fornmula (1) or an acid anhydtide, acid chloride or ester thereof
or (ii) a di- or polycarboxylic acid containing from36 to 100 carbon atons
or an acid anhydride, acid chloride or ester 10 thereof. Qur EP-A-273588
al so discloses an al kaline earth nmetal sul phurised hydrocar byl
phenat e- cont ai ni ng conposi tion having a high TBN. The conposition can be
prepared by reacting at elevated tenperature (A) a sul phurised al kaline
earth netal hydeocéivdys phépairdsedhydgocerPpN phessl chatrinliag asf 1edwe fi nal
additive 15 = coRaRNL L8R stBhu@n al kaline earth netal base added in either
a single addition or in a plurality of additions at internediate points
during the(BracPPditkatine eprtfemetrlpbrgh\pdee citbethdh aainale faddisiznt o 4

carbon atons, aofliin @rpiuralifyCoerddaitfordd 8 rinkefhamigte Rindd lauk-efte 9l ycol
al kyl her or %8$0I¥alelene glycol alkyl ether, (D) a lubricating 20
oil, ( car bon FePaetRaded subsequent to the, or each, addition or

(C) at least one compound which is either (i) a polyhydric alcohol

having 2 to 4 carbon atoms, (ii) a di- (Cy~Cy) glycol, (iii) a
tri- (Cg-C4) glycol, (iv) a mono- or poly~ alkylene glycol
alkyl ether of the formula (II):-
10 : - _ R3 (0R%) xORS (1I)
wherein R3 is a C1 to Cg alkyl group, RY is an alkylene group,
RSis hydrogen or a C; to Cg élkyl group and x is an integer
from 1 to 6, (v) a C; to Cyg monohydric alcohol, (vi) a ketone
having up to 20 carbon atoms, (vii) a carboxylic acid ester .
15 having up to 10 carbon atoms, ,or (viii) an ether,
{D) a lubricating oil,
(E) carbon dioxide added subsequent to the, or each, addition of
component (B),
(F) sufficient to provide from 2 to 40% by weight, based on the
20 weight of the concentrate, of at least one compound which is
either (i) a carboxylic acid or an acid anhydride, ester or
salt thereof, the acid having the formula (III):-
Rl - ¢y - coon (I1I)

25 R2
wherein Rl is a Ci10 to Cyq alkyl or alkenyl group and R2 is either
hydrogen, a €3 to C4 alkyl group or a CH,COOH group, or (ii) a
poly-carboxylic acid containing from 36 to 100 carbon atoms or
an acid anhydride, ester or salt thereof, and
30 (6) a catalyst,
the weight ratios of components (A) to (G) being such as to produce a
concentrate having a TBN greater than 300 and the lubricating oil (D)
being added in an amount such that the ratio of the weight of the
additive concentrate to the weight of the alkaline earth metal

35 sulphurised hydrocarbyl phenate [(A)(iii)], or its precursors
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“component (B), and (F) sufficient to provide fromgreater than 2 to 35% by
wei ght based on the weight of the conc@ntrate of either (i) a carboxylic
acid having the forrmula (1) or an acid anhydride, or ester thereof or (ii)
a di- or polycarboxylic acid containing from36 to 25 100 carbon atons or
an acid anhydride, or ester thereof, the weight ratio of conponents (A) to
(F) being such as to produce a concentrate having a TBN greater than 300.
Thus the process of EP-A-271262 is one. for the production of a high TBN

al kal i ne e@myiyvetal @anted nhmg(mnrpﬁshtiwasémmthe precursors of a

sul phur| sed hYdf Cgt%l%) lneghegg§ to\M%G} magalg h%gggé:%gbéllle hﬁ%c’l an‘d el ement al

sul phur (first-1nt process € process o |s.a
process fom ghe Cp‘ﬂeddc@womrotha artgh ITBM: sskenhtiiag, émwemmtad\t d:bat ai ni ng
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hydrocarbyl phenate (upgrade process dbri cating
oi | g eg@g\ﬁﬁqx%’ltst H@'C B} df), (D), (F), and (G) are f:Lrst reacted and the

product is then reacted with (E). Alternatively, components (A), a
part of (B) and (C), (D), (F) and (G) can be reacted initially and
the product reacted with a part of (E); thereafter the remainder of
(B) can be reacted and the product reacted with the remainder of (E).
10  other variations in the order of addition will be readily apparent to
those skilled in the art. For example component (G) may be omitted
from the initial reactants anhd added immediately before component (E).

An advantage of performing the process of the invention is that
scale up factors of at least 3. and as high as 20 can be achieved,

15 whilst retaining a high TBN, thereby improving the economics of the
process.

Using an alkaline earth metal sulphurised hydrocarbyl phenate
as the initial reactant without the addition of further sulphur, ie
an upgrading process, a known advantage of the prior art process,

20 namely that no hydrogen sulphide is evolved, is retained

Component (A) of the reaction mixture is either (i) a
hydrocarbyl—-substituted phenol and a source of sulphur in an amount
sufficient to provide a sulphurised hydrocarbyl phenol containing at
least 4.0% by weight sulphur, (ii) a sulphurised hydrocarbyl phenol

25 containing less than 4% by weight sulphur and a source of sulphur in
an amount sufficient to increase the sulphur content of the
sulphurised hydrocarbyl phenol to at least 4.0% by weight, (iii) an
alkaline earth metal sulphurised hydrocarbyl phenate containing at
least 4.0% by weight sulphur , or (iv) a sulphurised hydrocarbyl

30 phenol containing at least 4% by weight sulphur. Suitably the
alkaline earth metal moiety of the alkaline earth metal phenate
employed as component (A} may be strontium, calcium, magnesium or
barium, preferably calcium, barium or magnesium, more preferably
calcium. Processes starting with (A) (i), (ii) and (iv) may be

35 regarded as first-intent processes and the process starting with (A)
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"hydrocarbyl phenols is high. Because the al kaline earth netal containing
conpositions as prepared according to tghe processes described in

EP- A- 271262 and EP- A-273588 contain a high proportion of chemcally

i ncor porated hydrocarbyl phenol relative to |ubricating 5 oil their cost
i's higher than it mght otherw se be. Expressed in another way, the scale
up factor, that is the ratio of the weight of the higher TBN al kaline earth
nmet al sul phuri sed hydrocarbyl phenol- containing concentrate (Yg) to the

vei ght of @l#3l i D&nealdRalERkesd! PRYIiisSBLbfALAENCRT di1opRRBbe o1t S _
precursors in_the initial 10 reactants (Xg) in _the prior art, processes is
low. Typi ¥nEthatife fprrsh Beiads spiphpplseds bydaogarkyd, phgnahp) @) (iH)sBEl e up
factor is ansulpBuriaegenydrocarbyl Ophkbnbl cb€afiingrataléaqy eblgmwbogHre sol ved
therefore é&iphur, more preferably at least 8% by weight sulphur. Generally,

5 the higher the sulphur content of the reactants the higher the scale-
up factor which can be achieved. The determination of the sulphur
level appropriate to any particular scale-up factor is well within
the competence of a person skilled in the aft. The foregoing figures
in relation to sulphur refer to the sulphur content of the reactants,

10 not the sulphur content of the product, which in general is
considerably lower. The sulphurised phenate (A) (iii) may be
carbonated or non-carbonated.

The hydrocarbyl substituent of the hydrocarbyl-substituted
phenol or the alkaline earth metal hydrocarbyl phenate is preferably

15 an alkyl group. The alkyl group may be branched or unbranched.
Suitable alkyl groups contain from 4 to 50, preferably from 9 to 28,
carbon atoms. A particularly suitable alkyl phenol is the Cj;;-alkyl
phenol obtained by alkylating phenol with propylene tetramer. The
hydrocarbyl-substituted phenate and the hydrocarbyl-substituted

20 phenol may be a mono- or poly- substituted compound. A particularly
suitable poly-substituted phenol is dinonyl phenol. The source of
sulphur may for example be elemental sulphur, a sulphur monohalide or
sulphur dihalide.

Methods for preparing the various starting materials are well

25 xnown in the art.

The alkaline earth metal base [component B] may suitably be an
alkaline earth metal oxide or hydroxide, preferably the hydroxide.
Preferred alkaline earth metals are calcium, magnesium and barium and
more preferred is calcium. The alkaline earth metal base must be

30 added in an amount relative to component (A) sufficient to produce a
product having a TBN in excess of 300, preferably in excess of 350,
more preferably in excess of 370, most preferably in excess of 400.
This amount will depend on a number of factors including the nature
of the phenol or phenate and the amount of lubricating oil added.

35 Typically, the weight ratio of component (B) to component (A)
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"that of how to increase the proportion of |ubricating oil incorporated in
the al kaline earth netal sul phurised hywdrocarbyl 15 phenate cont ai ni ng
concentrate conposition relative to hydrocarbyl phenol, thereby |owering
the cost of the product, w thout substantially affecting its properties or,
expressed in terns of scale up factor how to increase the scale up factor.
We have found that the solution to the problemis to increase the sul phur
content 20 of the reactants. For reasons which are not fully understood

a high sul pher2l@veb.i, npl'@&rragfftoaﬂtt?o aBPLAr gnd QukaLidel LALG hoiGheased
I ncor poratjon of | ubr.i cat i ‘?FBI in the concentrate relative to hgdrocar byl

phenol , wi YATSufBMEEY K& PATET £8nthe APYHaFEreacherts 8t hdityondeneohmas
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phenat COmponent (C) can be a polyhydric alcohol having from 2 to 4
carbon atoms. The polyhydric alcohol is suitably a dihydric alcohol,
for example ethylene glycol or propylene glycol, or a trihydric
alcohol, for example glycerol. The di~ or tri- {Cy to C4) glycol may
suitably be either diethylene glycol or triethylene glycol. The

10  alkylene glycol alkyl ether or polyoxyalkylene glycol alkyl ether is
of the formula:- )
R3 (orR%)x0ORS (II)
wherein R3 is Cy to Cg alkyl, R? is an alkylene group, RS is hydrogen
or C; to Cg alkyl and x is an integer of 1 to 6. Suitable compounds
19  having the formula (II) include the monomethyl or dimethyl ethers of
ethylene glycol, diethylene glycol, triethylene glycol or
tetraethylene glycol. A particularly suitable diglycol ether is
methyl digol (CH30CH,CH,OCH,CH,OH). Mixtures of glycols and glycol
ethers of formula (II) may also be employed. Component (C), may also
20 suitably be a carboxylic acid ester having up to 10 carbon atoms, a
Cq to Cyp monohydric alcohol, a ketone having up to 20 carbon atoms,
or an ether having up to 20 carbon atoms which may be aliphatic,
alicyclic or aromatic. Examples are methanol, acetone, 2-ethyl
hexanol, cyclohexanol, cyclohexanone, benzyl alcohol, ethyl acetate
25 and acetophenone, preferably 2-ethyl hexanol. In a preferred method
of producing the concentrate of the present invention, there may be
used in combination (i) component (C) as defined above and (ii) a
solvent. '
As the solvent (ii) there may suitably be used an inert
30 hydrocarbon, which may be aliphatic or aromatic. Examples of
suitable solvents (ii) include toluene, xylene, naphtha and aliphatic
paraffins, for example hexane, and cycloaliphatic paraffins.
A suitable combination of (i) and (ii) is methanol and toluene.
An advantage of using a combination of (i) and (ii) is that the use

35 of ethylene glycol can be avoided. Residual ethylene glycol in the
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"obt ai ned by overbasing a second al kal i ne earth netal sul phurised _

hydr ocar byl phenate, or its precursorsjoand 30 (1) alubricating oil,
wherein the anount of lubricating oil (IlI) in the additive concentrate is
such that the ratio of the weight of the additive concentrate to the weight
of the second al kaline earth nmetal sul phurised hydrocarbyl phenate, or its
precursors, is at least 3.0. 35 The first alkaline earth neta

sul phuri sed hydrocarbyl phenate 5 is preferably obtained by overbasing a

second al kalddiga€@igt B MRlalc Sl PLMLESED BY BReadRN! o PRENA A0 ai ning at
least 4% by, W81 B! SHLENLe O Ll Precursors.
The lubricating oil [component (D)}] is suitably an animal oil,a
vegetable oil or a mineral oil. Suitably the lubricating oil is a
5 petroleum-derived lubricating oil, such as naphthenic base, paraffin
base or mixed base oil. Solvent neutral oils are particularly
suitable. Alternatively, the lubricating oil may be a synthetic
lubricating oil. Suitable synthetic lubricating oils include
synthetic ester lubricating oils, which oils include diesters such as
10  di-octyl adipate, di-octyl sebacate and tridecyladipate, or polymeric
hydrocarbon lubricating oils, for example liquid polyisobutenes and
poly-alpha olefins. When ingredient (D) is a vegetable oil, the
lubricating oil used in the finished lubricating oil composition into
which the concentrate is incorporated is suitably also a vegetable
15 oil. The lubricating oil is uséd in an amount at least sufficient to
achieve a scale-up factor of at least 3.0, preferably greater than 5,
more preferably greater than 10, most preferably greater than 15.
Component (E) is carbon dioxide, which may be added in the form
of a gas or a solid, preferably in the form of a gas. When used in
20 gaseous form, it may suitably be blown through the reaction mixture.
The amount of carbon dioxide used is preferably 5 to 20% especially 9
to 15%, by weight based on the weight of the concentrate. Where the
process of the present invention is an upgrade process (i.e. starting
with component (A) (iii), it is preferred that component (B) is added
25 in two stages, each addition being followed by an addition of carbon
dioxide. However, for a first-intent process, it is preferred that
component (B) is added in a single addition and the carbon dioxide is
also added in a single addition subsequent to the addition of
component (B).
30 Component (F) is F(i) a carboxylic acid of formula (I) as
defined above or an ester, acid anhydride or a salt thereof, or F(ii)
a poly-carboxylic acid containing from 36 to 100 carbon atoms, or an
ester, acid anhydride or a salt thereof. The amount of component (F)
added should be sufficient to provide from 2 to 40% by weight based
35 on the weight of the concentrate. Preferably Rl in the carboxylic
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A preferred additive concentrate having a TBN greater than 300 5 sui tabl e
for incorporation into a finished lubricating oil conposition conprises:-
(1') a first alkaline earth nmetal sul phurised hydrocarbyl phenate, and

(I1") a lubricating oil, 10 the first alkaline earth netal sul phurised
hydrocar byl phenate (1) having being obtained by overbasing a second

al kaline earth metal sul phurised hydrocarbyl phenate containing at |east 4%
by wei ght sul phur, or its precursors, in the presence of the lubricating

oi ' (1), dche smauphaQf (198 LBhIheahdddd 2y (&) h1P8IAY %L%Qﬁ%lbg:; the 15

ratio of the weight of the additive concentrate to the weig the second
al kal i ne &50R Hefarmda phiRi aerl thyer GEEFHYI RpHénat@o P Gois fATecursors, is
at | east Jrefedutdivt by t60nLENEEALight aha0h ARG} Anb e i1 BVIRRL-bes .have the

Examples of suitable saturated carboxylic acids of formula (III)

5 include capric acid, lauric acid, myristic acid, palmitic acid,
stearic acid, isostearic acid, arachidic acid, behenic acid and
lignoceric acid. Examples of suitable unsaturated acids of formula
(III) include lauroleic acid, myristoleic acid, palmitoleic acidq,
oleic acid, gadoleic acid, erucic acid, ricinoleic acid, linoleic

10 acid and linolenic acid. Mixtures of acids may also be employed, for
example rape top fatty acids. Particularly suitable mixtures of
acids are those commercial grades containing a range of acids,
including both saturated and unsaturated acids. Such mixtures may be
obtained synthetically or may be derived from natural products, for

15 example cotton oil, ground nut oil, coconut oil, linseed o0il, palm
kernel oil, olive oil, corn oil, palm oil, castor oil, soyabean oil,
sunflower oil, herring oil, sardine oil and tallow. Sulphurised
acids and acid mixtures may also be employed. Instead of, or in
addition to, the carboxylic acid there may be used an ester or acid

20 anhydride, of the acid, preferably the acid anhydride. Where a salt
of the carboxylic acid is used, it is preferred that the salt is an
alkaline earth metal salt. It is preferred however to use a
carboxylic acid or a mixture of carboxylic acids. A preferred
carboxylic acid of formula (III) is stearic acid.

25 Instead of, or in addition to, using (F)(i), F(ii), which is a
poly-carboxylic acid containing from 36 to 100 carbon atoms or an
ester or acid anhydride thereof can be used. F(ii) is preferably a
di~ carboxylic acid. Examples are polyisobutene succinic acid or a
polyisobutene succinic anhydride.

30 Preferably the carboxylic acid(s) having the formula (I), or
the poly-carboxylic acid or an ester, acid anhydride or salt thereof
is incorporated in an amount of 10% to 40%, more preferably 12 to
20%, for example about 16%, by weight based on the weight of the
additive concentrate. An advantage of incorporating greater than 10%

35 of the carboxylic acid or derivative thereof is that generally a
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"advant age that they incorporate |arger anounts of lubricating oil 20 t han
hithereto, thereby rendering them cheaper, whilst retaining a high TBN and
wi t hout detracting substantially from other val uable properties. |In another
aspect the present invention provides a process for the production of an
additive concentrate having a TBN greater than 25 300 suitable for

I ncorporation into a finished lubricating oil which process conprises
reacting at elevated tenperature: (A at | east one conpound which is

ei ther (i)r2a@Y¥SH19CR6UE concinbside Vi&LPOENG! pAdc8q S0Ur ce of sul phur in an
amount sufficient to provide a sul phurised hydrocarbyl phenol 30

containing at |EEEL A UG vig TSy Phur THY PRY2IASE M BRI SEBShyAlr ocar byl
phenol contrmirgamg kesgounbasy 4% dganed Gompsinap hederardbisy Sﬂlﬂnﬁegé}fiﬁsm phgr in
i cl ' r t of the | phuri se
an amount Tsolilnf fﬁ\lll’? .en uittoa%:!LQ C{n%gggni%hgomsp%lxggsu ingﬂ:réteel[;'ydrogen hal?éjeéa,
hydr ocar by 6 enol To a
metal halides, ammonium halides, metal alkanoates, ammonium
alkanoates or a mono-. di-, tri- or tetra-alkyl ammonium formate or
alkanoate. As regards the metal moiety of metal halides or metal
alkanoates, this is suitably either zinc, aluminium, or an alkaline
earth metal, for example calcium. A preferred metal moiety is
10  calcium. As regards the halide moiety, the chloride is preferred.

The alkanoate moiety is suitably a Cy to C;g alkanoate, preferably a
€y to Oy alkanocate, for example an acetate or propionate. When a

substituted ammonium compound is used, it is preferably a tetra- (Cl
to C4 alkyl) ammonium compound, especially a tetramethylammonium

15 compound such as tetramethylammonium acetate. Examples of suitable
catalysts include calcium chloride, ammonium chloride, calcium
acetate, ammonium acetate, zinc acetate, and tetramethylammonium
acetate. Suitably the amount of catalyst employed may be up to 2.0%
wt/wt. The catalyst facilitates the overbasing process and may have

20 other benefits.

Preferably the TBN of the concentrate is greater than 350, more
preferably greater than 370 even more preferably greater than 400.
Suitably the concentrate has a viscosity measured at 100°C of less
than 1000 cSt, preferably less than 750 cSt, more preferably less

25 than 500 cst.

Suitably the reaction of components (A) -~ (G) may be carried
out at 50 to 200°C, preferably 130 to 165°C. The pressure may be
atmospheric, subatmospheric or superatmospheric.

The concentrate may be recovered by conventional means, for

30 example by distillative stripping of component (C).

Finally, it is preferred to filter the concentrate so obtained.

Generally, the reaction will produce a concentrate having an
acceptable viscosity, that is a viscosity of less than 1000 cSt at -
100°C, and can produce concentrates having a viscosity less than 750

35 or 500 cst at 100°C. Moreover, the concentrates generally have
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'least 4% by weight, (iii) an alkaline earth nmetal sul phurised 35

hydr ocar byl phenate containing at |east34% by wei ght sul phur, 6 or (iv)
a sul phurised hydrocarbyl phenol containing at |east 4% by weight sul phur,
(B) an al kaline earth nmetal base added either in a single addition or in
a plurality of additions at internmediate points during 5 t he
reaction, (O at | east one conpound which is either (i) a polyhydric

al cohol havi ng 2 to 4 carbon atons, (ii) a di- (C2-C4) glycol, (iii) atri-
(d err] - ( esaifpbry wasdgsity Vindax I’lﬁ):l&@erﬂ]’espmsybch atilegbmsrerigl Q&Q@brﬁldéw et her

of the forggé gd&inﬁggeous because they facilitate processing (including

filtration) of the concentrate. However, it is also possible to
produce concentrates having a higher viscosity than 1000 ¢St at 100°

5 C, generally at higher TBN levels. Filtration of such concentrates
presents a problem, which may be overcome by adding a diluent prior
to filtration and stripping the diluent off after filtration.
Alternatively, high viscosity concentrates, for example concentrates
having a viscosity at 100°C greater than 1000 cSt, and also having a

10 high TBN, for example greater than 350, may be diluted by addition of

further lubricating oil whilst maintaining a TBN greater than 300,
thereby facilitating filtration.

According to a further aspect of the present invention, there
is provided a finished lubricating oil composition which composition

156 comprises a major proportion of a lubricating oil and a minor
proportion of an additive concentrate prepared as hereinbefore
described.

In another aspect of the present invention there is provided an
additive concentrate composition comprising an additive concentrate

20 prepared as hereinbefore described and, opticnally, effective amounts
of one or more types of conventional lubricating oil additives.

The additive concentrate composition will necessarily comprise
less lubricating oil than a finished lubricating oil composition as
described above.

25 Preferably the finished lubricating oil composition contains
sufficient of the additive concentrate to provide a TBN in the range
from 0.5 to 150.
The amount of additive concentrate present in the finished
lubricating oil will depend on the nature of the final use. Thus,
30 for marine lubricating oils the amount of additive concentrate
present may suitably be sufficient to provide a TBN of 9 to 100 and
for automobile engine lubricating oils the amount may suitably be
sufficient to provide a TBN of 4 to 20.
The finished lubricating oil may also contain effective amounts

35 of one or more other types of conventional lubricating oil additives,
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' 10 Rlerr](ORlerr])xOR[ err]

(I1) wherein Rlerr] is a CJerr] to (fet4] alkyl group, R4 is an alkylene
group, Rlerr] is hydrogen or a (ferr] to (Jerr] alkyl group and x is an
integer froml1l to 6, (v) a (Jerr] to (Jerr] nonohydric alcohol, (vi) a
ketone having up to 20 carbon atons, (vii) a carboxylic acid ester 15
having up to 10 carbon atons,or (viii) an ether, (D) a lubricating oil,
(E) car bon di oxi de added subsequent to the, or each, addition of
conponent £d3) ex{niple visuwbbitgl endext dmp:l‘cﬁfélr:de afnl:D-FWeﬂrteﬁ;e&G% by wei ght, based

on the 20 ntioxidan O)Q(J]%FQJSBS’IQS %‘%Q‘Eelr}ﬁli;. L drsg;pc?at &oxn%t?e%r}g scapnqgound V\Ihl Ch

Is either (1) a car acid or an aci r salt
t her eof , ‘Pf‘etaEM-kﬁa\Mh’rghtW Porimgbeprqriaked intf eyhe] fiskished riuﬁ'éqart]l-ngs a

C[ err ] t 0 c%.[ EI(‘:(I; poslilé}/on gg.t}?elrkgnzyectgll; Ool'rl.ptgpoqlgﬁ[ q’I r L.ntermed%acy of the
5 concentrate composition.
The invention will now be further illustrated by reference to
the following Examples. '
The term "TBN" is used to denote the Total Base Number in mg
KOH/g as measured by the method of ASTM D2896. The viscosity was
10 measured by the method of ASTM D445. In the Examples and Comparison
Tests which follow the abbreviation VlOO is employed. This
represents the viscosity at 100°cC.
Comparison Test 1
A slurry comprising:
15 Sulphurised calcium alkyl phenate containing 9.1% calcium and

3.3% sulphur

: 250 g
Lubricating oil : 28 g
Lime : 72 g
20 Stearic acid : 69 g
Calcium acetate : 4 g

2-ethyl hexanol : 111 g
was heated to 145°C/11" Hg and held for 5 minutes.
Ethylene glycol (42 g) was added and held for a further 5
25 minutes at 145°C/11" Hg.
Carbon dioxide (72 g) was added at 145°C/1 bar followed by
removal of solvent at 210°C/10 mm Hg. The filtered product (432 q)

contained:
Calcium : 14.2%
30 Sulphur : 1.9%
TBN : 398 mg KOH/g
V100 : 337 cst
SCALE-UP _FACTOR : 432 divided by 250 = 1.73:1

This is not an example according to the present invention

35 because the sulphur content of the starting calcium alkyl phenate was
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"hydrogen, a (Jerr] to (Jerr] alkyl group or a CH err] COOH group, or (ii) a
pol y- carboxylic acid containing from3gsto 100 carbon atons or an acid
anhydride, ester or salt thereof, and 30 (G a catal yst, the weight
rati os of conponents (A) to (G being such as to produce a concentrate
having a TBN greater than 300 and the lubricating oil (D) being added in an
anmount such that the ratio of the weight of the additive concentrate to the
wei ght of the al kaline earth nmetal 35 sul phuri sed hydrocarbyl phenate
[(A) (i )].‘lesQrtllxatnS 4Qr16?f;%5§%1{tsand t?ne[éd%)lg %p fg@QdOé( bég l@&e(@an(ﬁ v)] is at

| east 3.0. The conponénts reaction mxture
COmparlson Test {not according to the 1nventlon)

The conditions of Comparison Test 1 were repeated except

that57 g rather than 250 g of sulphurised calcium alkyl phenate were
5 used. Lubricating oil (221 g rather than 28 g) replaced the missing
phenate.

This change had the effect of increasing the scale-up factor
from 1.73 to 7.6:1.

bDuring the solvent strip stage at 210°C/10 mm Hg the product

10 became a grease and the test was aborted.

The above comparison tests demonstrate that a major limiting
feature, in 'second intent' processes, is the scale-up factor which
is a severe constraint both to process economics and reaction
flexibility.

15 Example 1
A slurry comprising:
Sulphurised calcium alkyl phenate containing 5.8% calcium and

4.4% sulphur

: 58 g
20 Lubricating oil : 161 g
Lime : i10 g
Stearic acid : 78 g
Calcium acetate : 4 g

2-ethyl hexanol : 150 g
25 was heated to 130°C/11" Hg and held for 5 minutes.
Ethylene glycol (42 g) was added and held for a further 5
minutes at 130°c/11" Hg.
Carbon dioxide (70 g) was added at 130°C/1 bar followed by
removal of solvent at 210°C/10 mm Hg. The filtered product (443 g)

30 contained:

Calcium : 14.1%
Sulphur : 0.7%
TBN : 393 mg KOH/g
V100 : 59 cst

35 SCALE-UP FACTOR : 7.6:1
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in any order known in the art. It is essential, however, that the conponent
(B) be present when conponent (E) is agged. Typically, 5 conponents (A,
(B, (O, (D, (F), and (G are first reacted and the product is then
reacted with (E). Alternatively, conponents (A), a part of (B) and (O,
(D, (F) and (G can be reacted initially and the product reacted wth a
part of (E); thereafter the remainder of (B) can be reacted and the product
reacted with the remainder of (E). 10 Q her variations in the order of

addi tion v&oh%ageso;,e@égtly apparent to those skilled in the art. For exanple
conponent e omtted fromthe initial reactants and added

i medi atel y bef"&ee st bR of Ejxanphe ddyarr geearrd picrst findg ife process of
t he i nventdudphisisbhadalegah @ 1upl fRGhaeS cOftaahed 8384 ch18ih gechi gh as 20 can

D 2 €Yo L L ARl RS TONL by T oving e
hydrocﬁrbyl phenatieg the solvent strip stage at 210°C/10 mm Hg the product
. formed a grease and the test was terminated.
Thus by contrast with Example 1 insufficient sulphur rather
than reduced calcium led to the failure of this comparison test.
Exanmple 2
10 A slurry comprising: N
Sulphurised calcium alkyl phenate'containing 5.8% calcium and

4.4% sulphur

: l46 g
Lubricating oil : 84 g
15 Lime : 98 g
Stearic acid : 76 g
Calcium acetate : 4 g

2-ethyl hexanol : 150 g
was heated to 130°C/11" Hg and held for 5 minutes.
20 Ethylene glycol (42 g) was added and held for a further 5
minutes at 130°C/11" Hg.
Carbon dioxide (80 g) was added at 130°C/1 bar followed by
removal of solvent at 210°C/10 mm Hg. The filtered product (436 g)

contained:
25 Calcium : 14.2%
Sulphur : 1.5%
TBN H 390 mg KOH/g
Vioo : 104 cst
SCALE-UP FACTOR H 3.0:1
30 The following Examples 3 to 5 each follow the reaction

conditions of the above Example 2 and differ only in the charge
weights of certain of the components used. This was necessary in

order to standardise upon a 400 TBN recipe.

35
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as the initial reactant without the addition of further sul phur, ie an
upgr adi ng process, a known advantage of#7the prior art process, 20 nanmel y
that no hydrogen sul phide is evolved, is retai ned Conponent (A) of the
reaction mxture is either (i) a hydrocarbyl-substituted phenol and a
source of sul phur in an anpbunt sufficient to provide a sul phurised

hydr ocar byl phenol containing at |east 4.0% by wei ght sul phur, (ii) a

sul phuri sed hydrocarbyl phenol 25 containing |l ess than 4% by wei ght

sul phur arEkamps®wr ce of sul phur in an anmount sufficient to increase the
sul phur content_af .the sul phyris ydrocar byl phenol to at |east 4.0% by
wei ght, (iii) a%uolé’lhﬂ’é’rsie ec&fr"f‘ﬂ IPRERRYhuri sed hydrocarbyl phenate
containing at |east 4.0% by wei ght sul phu2i g or (iv) a sul phurised
hydrocar byl 30 ¢ phenal oCONt aining at le 3% by wei ght sul phur. Suitably
the al kaline earth netal” noiety of fthe alkal rne earth netal phenate

enpl oy@d as conpd®ent (A) may be stfrontiu¥l gal ci um magnesi um or

Stearic acid : 78 g
Calcium acetate H 4 g
2-ethyl hexanol 3 150 ¢
Ethylene glycol : 42 g
10 Carbon dioxide : 70 g
Product weight : 436 g
Calcium : 13.9%
Sulphur : 1.2%
TBN : 390 mg KOH/g
15 V100 : 79 cst

SCALE-UP FACTOR 3.6:1

Example 4
Sulphurised calcium alkyl phenol

s 104 g
20 Lubricating oil : 121 g
. Lime : 103 g
Stearic acid : 78 g
Calcium acetate 3 4 g
2-ethyl hexanol H 150 g
25 Ethylene glycol : 42 g
Carbon dioxide s 70 g
Product weight : 438 g
Calcium : 14.0%
Sulphur : 1.1%
30 TBN : 390 mg KOH/g
V100 : 109 cSt
SCALE UP FACTOR H 4.2:1

35
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barium preferably calcium bariumor nmagnesium nore preferably cal cium
Processes starting with (A (i), (ii) and (iv) may be 35 regarded as
first-intent processes and the process starting with (A) 8 (iii) is an
upgrade process. It is preferred to enploy respectively an alkaline earth
met al sul phurised hydrocarbyl phenate (A) (iii) or a sul phurised
hydrocar byl phenol containing at |east 6% by weight sul phur, nore
preferably at |east 8% by wei ght sul phur. Generally, 5 the higher the
sul phur costepie &f the reactants the higher the scale- up factor which can
be achi eved. The determ nation of the suIPhur | evel appropriate to any
particul ar scal BEpUrHedoraiduealikvyhi hePAl t he conpetence of a person
skilled in the art. The foregoing figuresss g

Lubricating oil : 138 g
5 Lime ' : 107 g

Stearic acid : 78 g
Calcium acetate : 4 g
2-ethyl hexanol : 150 g
Ethylene glycol s 42 g

10 Carbon dioxide : 70 g
Product weight : 458 g
Calcium : 14.0%
Sulphur : 0.9%
TBN : 390 mg KOH/g

15 V100 : 63 oSt
SCALE-UP FACTOR H 5.5:1

Example 6

Sulphurised calcium alkyl phenate containing 5.3% calcium and

7.1% sulphur (rather than 4.4%).

20 : 22 g

| Lubricating oil : 197 g
Lime : 110 g
Stearic acid ': 78 g
Calcium acetate : 4 g

25 2-ethyl hexanol : 150 g

was heated to 130°C/11" Hg and held for 5 minutes.
Ethylene glycol (42 g) was added and held for a further 5
minutes at 130°C/11" Hg.
Carbon dioxide (70 g) was added at 130°C/1 bar followed by
30 removal of solvent at 210°C/10 mm Hg. The filtered product (438 g)

contained:
Calcium : 13.7%
Sulphur : 0.6%
TBN : 383 mg KOH/g
35 V100 : 94 cst
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in relation to sul phur refer to the sul phur content of the reactants, 10
not the sul phur content of the product 19which in general is considerably

| ower . The sul phuri sed phenate (A) (iii) may be carbonated or _

non- car bonat ed. The hydrocarbyl substituent of the hydrocarbyl -substituted
phenol or the alkaline earth netal hydrocarbyl phenate is preferably 15

an al kyl group. The al kyl group may be branched or unbranched. Suitable

al kyl groups contain from4 to 50, preferably from9 to 28, carbon atons. A

particul arly sugdzaplep alak¥br phenol us.d:he Cl2-al kyl phenol obtained by
al kyl ati ng, hengk}mﬁtqzaropylene tetramer. The hydrocarbyl -substituted
phenat e an&gFﬁﬁi%ﬁﬂF%%arbyl-substltuted 20 phenol may be a nono- or poly-
substit ut ed conPpeupdocedirparft Egatrakl § addiré adalser@éhyecsuhaég& dh&d tpbenol is
dinony’ PhenQium Higys Plefiedloontd PRH's TRV, L, QAP 34P8r SuGRRALA! SUl POUT,
a sul phur monohal | d& or phur di _
5 During the solvent strip stage at 210°C/10 mm Hg the product
degraded into a gréase and the test was terminated.
Example 6 and Comparison Test 4 demonstrate the relationship
between the scale-up factor and the sulphur content of the starting
calcium sulphurised alkyl phenate. In Example 6 using a sulphur
10 content of 7.1% a scale-up factor of 19.1:1 is achieved. Thig scale-
up factor can not be achieved when the sulphur content is reduced to
5.9% as in Comparison Test 4.
Example 7
The sulphurised calcium alkyl phenate used in the failed
15 Comparison Test 4 above was re~tested in a recipe designed to give a
scale-up factor greater than 7.6:1 (see Example 1) and less than
19.9:1 (see Example 6).
A slurry comprising:
Sulphurised calcium alkyl phenate containing 5.3% calcium and

20 5.9% sulphur.

: 44 g

Lubricating oil : 175 g

Lime : 111 g

Stearic acid : 78 g

25 Calcium acetate : 4 g
2~ethyl hexanol s 150 g

was heated to 130°C/11" Hg and held for 5 minutes.
Ethylene glycol (42 g) was added and held for a further 5
minutes at 130°C/11" Hg.

30 Carbon dioxide (70 g) was added at 130°C/1 bar followed by
removal of solvent at 210°C/10 mm Hg. The filtered product (443 g)
contained:

Calcium : 14.4%
Sulphur : 0.7%
35 TBN : 401 mg KOH/g
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"Methods for preparing the various starting materials are well 25 known in
the art. The al kaline earth netal basez conponent BJ nmay suitably be an

al kaline earth nmetal oxide or hydroxide, preferably the hydroxide.
Preferred al kaline earth netals are cal cium nmagnesi um and barium and nore
preferred is calcium The al kaline earth netal base nust be 30 added in
an anmount relative to conponent (A) sufficient to produce a product having
a TBN in excess of 300, preferably in excess of 350, nore preferably in
excess of 370, dmsh-v¥ eh&F0l Y LN exfigss of 400. This anount will depend on
a nunber of factors including the nature of the phenol or phenate and the
anount of lubricating oil added. 35 Typically, the weight ratio of
conmponent (B) to conponent (A)

10
15
20
25
30

35
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'9is 0.2 to 50:1, preferably 0.4 to 10:1. The al kaline earth netal base (B)
may be added to the initial reactants all at once, or part nmay be added to
t he init+al—-reactants_and the renmainder in one or nore portions at a

subse nt sta e or stages in the process. 5 Component (C) can be a
polyh ﬂﬁ"ﬂulﬂﬂulng from2 to 4 carbon atons. The pol yhydric al cohol
S SUI al cohol, for exanple ethylene glycol or propyl ene

gl ycol , or a trlhydrlc al cohol, for exanple glycerol. The di- or tri-
(C[err] to CJerr]) glycol may suitably be either diethyl eneagé \s0eb(nr
triethylene glycol. The 10 al kyl ene glycol al kyl ether or polyoxyal kyl ene
glycol alkyl ether is of the fornmula:- Rerr](ORerr])xORerr]

(I'1) wherein Rerr] is (JQerr] to (Jerr] alkyl, Rerr] is an al kyl ene group,
R5 is hydrogen or (Jerr] to CJerr] alkyl and x is an integer of 1 to 6.
Sui t abl e conpounds _

Claims:
1. An additive concentrate composition having a TBN greater than
300 suitable for incorporation intoc a finished lubricating oil
composition comprising:-
(I) a first alkaline earth metal sulphurised hydrocarbyl phenate
5 obtained by overbasing a second alkaline earth metal sulphurised

hydrocarbyl phenate, or its precursors, and
(II) a lubricating oil,
wherein the amount of lubricating oil (II) in the additive
concentrate compositioﬁ is such that the ratio of the weight of the

10 additive concentrate to the weight of the second alkaline earth metal
sulphurised hydrocarbyl phenate, or its precursors, is at least 3.0.
2. An additive concentrate composition having a TBN greater than
300 suitable for incorporation into a finished lubricating oil
composition according to claim 1 comprising:~-

15 (I'y a first alkaline earth metal sulphurised hydrocarbyl phenate,
and
(II') a lubricating oil,
the first alkaline earth metal sulphurised hydrocarbyl phenate (I')
being obtained by overbasing a second alkaline earth metal

20 sulphurised hydrocarbyl phenate containing at least 4% by weight
sulphur, or its precursors, in the presence of the lubricating oil
(I1'), the amount of the lubricating oil (II') being such that the
ratio of the weight of the additive concentrate to the weight of the
second alkaline earth metal sulphurised hydrocarbyl phenate, or its’

25 precursors, is at least 3.0.
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"15 havi"ng“""r'ﬁé""”f'é'r'"r'r'ﬁl'_éi"""(I ) include the nononethyl or dinethyl ethers of

ethylen

gl ycol .
(CH err

to Cerr

ene glycol, tr2%thylene glycol or tetraethyl ene
l“ﬂm uitabl e di gI ycol ether is methyl digol
arr

[err]CH err]OH). M xtures of glycols and gl ycol
ethers of formula (I1) may al so be enpl oyed. Conponent (C), may al so 20
suitably be a carboxylic acid ester having up to 10 carbon atons, a C[err]

] rmonohydric al cohol, a ketone having up to 20 carbon atons, or

et her having upard ad2ixicar dmreat ite «Mﬂrip@bimyl becozbifhabi €ithak igngcbf Cc oOr

aromatic le han acet one gLhyl hexanol, cycl ohexanol ,
cycl ohexan%r%ggpbe%fa% enan%%oal %N ﬁe?t ace ar’[ e é

al ¢ and acet ophenone,

pref er abl y4-2- etlhyIadﬁt!b@atﬁottoncehwaa:em@mesF@@nmm&m‘ tpreidber et he
concentratg QhstherPs 8360hg | nyﬁptglrggltexl bgLe 4bBY be used in conbination (i)

compon
t here

10

15

20

25

30

35

téC) as defined above and (ii1) a solvent. As the solvent (ii)
u|ta&ﬂk9dﬁkyyy§egpqgﬁnpqﬁ§ptaccordlng to any one of claims 1 to 4

having a viscosity at 100°C of less than 1000 cSt.

6. An additive concentrate according to claim 5 having a viscosity

at 100°C of less than 500 cSt.

7. A process for the production of an additive concentrate having

a TBN greater than 300 as claimed in any of claims 1 to 6 which

process comprises reacting at elevated temperature:

() at least one compound which is either (i) a hydrocarbyl
substituted phenol and a source of sulphur in an amount
sufficient to provide a sulphurised hydrocarbyl phenol
containing at least 4% by weight sulphur, (1i) a sulphurised
hydrocarbyl phenol containing less than 4% by weight sulphur
and a source of sulphur in an amount sufficient to increase the
sulphur content of the sulphurised hydrocarbyl phenol to at
least 4% by weight; (iii) an alkaline earth metal sulphurised
hydrocarbyl phenate containing at least 4% by weight sulphur,
or (iv) a sulphurised hydrocarbyl phenol containing at least 4%
by weight sulphur,

(B) an alkaline earth metal base added either in a single addition
or in a plurality of additions at intermediate points during
the reaction,

{C) at least one compound which is either (i) a polyhydric alcochol
having 2 to 4 carbon atoms, (ii) a di- (Cy-C4) glycol, (iii) a
tri- (Cp-C4) glycol, (iv) a mono- or poly- alkylene glycol
alkyl ether of the formula (II):-

R3 (OR4) XORS (II)
wherein R3 is a C; to Cg alkyl group, R% is an alkylene group,
Rois hydrogen or a C; to Cg alkyl group and x is an integer
from 1 to 6, (v) a C; to Cyp monohydric alcohol, (vi) a ketone
having up to 20 carbon atoms, (vii) a carboxylic acid ester

having up to 10 carbon atoms, or {(viii) an ether having up to
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hydrocar bon, which may be aliphatic or aromatic. Exanples of suitable

soI l“ wuml "m mE t ol uene, xyl ene, Zhaphtha and aliphatic paraffins, for
exanm" ycl oal i phatic paraffins. A suitable conbination of (i)
and-(1i)®i$ nmBthanol and tol uene. An advantage of using a conbination of

(i) and (ii) is that the use 35 of ethylene glycol can be avoided.

Resi dual ethylene glycol in the 10 lubricating oil additive may result
in corrosion of an engine in which the concentrate is used. The lubricating
oi | (conmponent 2®xprbenssaterehl y an animal oil,a vegetable oil or a mneral
oil. Suitaply the ubrdGaging,oil is a5 petroleumderived |ubricating

oil, such as napht heni ¢ base, paraffin
(E) carbon dioxide added subsequent to the, or each, addition of

-

component (B),

5 (F) sufficient to provide from 2 to 40% by weight, based on the
weight of the concentrate, of at least one compound which is
either (i) a carboxylic acid or an acid anhydride, ester or
salt thereof, the acid having the formula (III):-

Rl - ¢ - cooH (III)
10
Rr2
wherein Rl is a Cip to Cy4 alkyl or alkenyl group and R? is
either hydrogen, a C; to C4 alkyl group or a CH,COOH group, or
{ii) a poly-carboxylic acid containing from 36 to 100 carbon
15 atoms or an acid anhydride, ester or salt thereof, and
(G) a catalyst,
the weight ratios of components (A) to (G) being such as to produce a
goncentrate having a TBN greater than 300 and the lubricating oil (D)
being added in an amount such that the ratio of the weight of the
20 additive concentrate to the weight of the alkaline earth metal
sulphurised hydrocarbyl phenate [(A)(iii)], or its precursors
[(AY(i), (B) (ii) or (A) (iv)] is at least 3.0.
8. A process according to claim 7 wherein the alkaline earth metal
of the alkaline earth metal base is either calcium, magnesium or
25 barium.
9. A process according to claim 8 wherein the alkaline earth metal
'is calcium. .
10. A process according to any one of claims 7 to 9 wherein the
alkaline earth metal base (B) is added in an amount relative to
30 component (A) sufficient to produce a concentrate having a TBN in
excess of 370.
11. A process according to any one of claims 7 to 10 wherein the
lubricating oil (D) is added in an amount such that the ratioc of the
weight of the additive concentrate to the weight of the alkaline
35 earth metal sulphurised hydrocarbyl phenate [(A)(iii)]}, or
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‘base or m xed base oil. Solvent neutral oils are particularly suitable.

Al ter ‘I Bricating oil may24de a synthetic lubricating oil.
Swtalwg 1““ mH“ ricating oils include synthetic ester |ubricating

Lol ks Fnctude diesters such as 10 di -octyl adipate, di-octyl
sebacate and tridecyl adi pate, or polyneric hydrocarbon lubricating oils,
for exanple liquid polyisobutenes and pol y-al pha ol efi ns. When ingredi ent
(D) is a vegetable oil, the lubricating oil used in the finished

| ubri cati n_g;sObi-e&QBE_ﬂ-EI[t(Apﬂ)l ntzq (Wm Gr mp(lepnmngfﬁterusuamnsor porated is
suitably also a ve

etabl e 15 Th ca In an
amount at 1%ast® @63?‘?551 8ﬁ‘f°’id6n%ctr‘|’ 81‘/%ma?%cwa Eeh"p%a% oJTs ?gﬁ%%gst 3.0,
pr ef er abl yergmeat.er than 5, nore preferably greater than 10, nost preferably
greater thfsl‘l 15A ag.gso%qgggox@ g't% 89&1@@2QJhQ¥ég‘?thMaQ|ﬂcr@/gp§at%Qded in the

formof  a gas or preférably in the formof a gas. \Wen used in 20
gaseou§ f oFhA2 £%- may suitably be bl own through the reaction m xture.

14. A process according to any one of claims 7 to 13 wherein
component (F) is a carboxylic acid of formula (III) and R' in the
formula (III} is unbranched alkyl or alkenyl.
15. A process according to claim 14 wherein in the carboxylic acid
10 of formula (III) R! is Cjg to Cy, straight chain alkyl and R? is
hydrogen.
1e. A process according to either one of claims 14 or 15 wherein
the carboxylic acid of formula (III) is stearic acid.
17. A process according to any one of claims 7 to 13 wherein
15 component (F) is a mixture of acids of formula (III).
18. A process according to any one of claims 7 to 17 wherein
component (F) is present in an amount of from 12 to 20% by weight
based on the weight of the additive concentrate.
19. A process according to any one of the claims 7 to 18 wherein
20 component (G) is either a hydrogen halide, a metal halide, an
ammonium halide, a metal alkanocate, an ammonium alkanoate or a mono-
di-, tri-, or tetra-alkyl ammonium formate or alkanoate.
20. A process according to any one of claims 7 to 19 wherein
component (A) is either (A) (iii) or (A) (iv) containing at least 6%
25 Dby weight sulphur.
21. A finished lubricating oil composition which composition
comprises a major proportion of a lubricating oil and a minor
proportion of an additive concentrate as prepared by the process as
claimed in claims 7 to 20. |
30 22. A finished lubricating oil composition according to claim 21
wherein the lubricating oil is a marine lubricating oil and the
amount of the additive concentrate is sufficient to provide a TBN of
9 to 100.
23. A finished lubricating oil composition according to claim 21

35 wherein the lubricating oil is an automobile lubricating oil and the
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15% the wei ght of 25he concentrate Where the process
of the pfese is an upgrade process (i.e. starting wth
conmponent (A) (|||), |t |s preferred that conponent (B) is added 25 in
two stages, each addition being followed by an addition of carbon di oxide.
However, for a first-intent process, it is preferred that conponent (B) is
added in a single addition and the carbon dioxide is also added in a single
addi tion smbsﬁqmnthet aad heivadebricentratt CoOBpOARIIent Bo. p2dride a TBN offONMpPoONnent -
(F) is F(i irboxylic acid of formula (1) as defined above or an ester,
aci d anhy rlﬁe or a salt thereof, or F(ii) a poly-carboxylic acid
containing from36 to 100 carbon atons, or an ester, acid anhydride or a
salt thereof. The anmount of conponent (F) added should be sufficient to
providg from2 to 40% by wei ght based 35 on the wei ght of the
concentrate. Preferably RL in the carboxylic

’The anD H! ag n dioxide used is preferably 5to 2096espe0|ally 9to
n

10
15
20
25
30

35

—
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‘acid of formula (I11) is unbranched al kyl or al kenyl. Preferred acids of
formula (111) are those wherein Rerr] is a Cerr] to (Jerr], nore
preferably C18 to C24, straight chain alkyl, and R err] is hydrogen.

Exanpl es, of suitable saturated carboxylic acids of formula (rerr)y 5

include capric acid, lauric acid, nyristic acid, palmtic acid, stearic
acid, isostearic acid, arachi di c acid, behenic aC|d and Ilgnoceric aci d.
Exanpl es of suitable unsaturated acids of fornmula (I11) include lauroleic
acid, nyristoleic acid, palnmitoleic acid, oleic acid, §aRIBEF@(2cid, erucic
acid, ricinoleic acid, linoleic 10 acid and linolenic acid. M xtures of
acids may al so be enployed, for exanple rape top fatty acids. Particularly
suitable m xtures of acids are those comrerci al grades containing a range
of acids,

ABSTRACT

ALKALINE EARTH METAL SULPHURISED HYDROCARBYL PHENATE
~CONTAINING ADDITIVE CONCENTRATE, PROCESS FOR ITS PRODUCTION AND USE

IHEREOF

An additive concentrate composition having a TBN greater than
300 suitable for incorporation into a finished lubricating oil
composition comprising:=-
(I') a first alkaline earth metal sulphurised hydfocarbyl phenate,
and
(II') a lubricating oil,
the first alkaline earth metal sulphuriséd hydrocarbyl phenate (I')
being obtained by overbasing a second alkaline earth metal
sulphurised hydrocarbyl phenate containing at least 4% by weight
sulphur, or its precursors, in the presence of the lubricating oil
(IT'), the amount of the lubricating oil (II') being such that the
ratio of the weight of the additive concentrate to the weight of the
second alkaline earth metal sulphurised hydrocarbyl phenate, or its

precursors, is at least 3.0.
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i ncl udi ng both saturated and unsaturated acids.
obt ai ped synthetically or

Ssuch mi xt ur es n@”‘o’emg
may be derived fromnatural products, for 15

exanpl e cotton oil, ground nut oil, coconut oil, linseed oil, palmkernel
oil, olive oil, corn oil, palmoil, castor oil, soyabean oil, sunflower
oil, herring oil, sardine oil and tallqw. Sul phur| sed acids and acid

m xtures nmay al so be enpl oyed. Insteadlof or in addition to, the
carboxylic acid there may be used an ester or acid 20 anhydride, of the

acid, preferably the acid anhydri de.

IS used,

acid

iIsp “ef"er f-t-0--tise—a—earhoxyl i ¢ ati
g ?ggf/ S 7

| nst ggd- ‘01‘”“'61“ 1Eh‘g%féid| t-itepraed ,-usiing (F) (i )
--qr%éiXy’l i ¢! RAEPE- Bone AhatE ngS.fr
Hanhydiizhe tiresdof.- - capaged ..used.
Absiract Tpaged ... to paged ...

H D Y
pudain OF

is preferred that the salt is an-atkakine-eart:

C*dT‘UROxyllctf'amc of forrml!gf'

" RECEIPT

D T

10

15

20

25

ALKALINE EARTH METAL SULPHURISED HYDROCARBYI,
PHENATE~CONTAINING AﬁDI‘I’IVE CONCENTRATE, PROCESS FOR ITS PRODUCTION

AND USE THEREOF

The present invention relates in general to an alkaline earth
metal sulphurised hydrocarbyl phenate-containing additive concentrate
having a total base number (TBN) greater than 300, a process for its
produc#ion and finished lubricating oil compositions containing the
additive concentrate.

In the internal combustion engine, by-products from the
combustion chamber often blow by the piston and admix with the
lubricating oil. Many of these by~products form acidic materials
within the lubricating oil. This is particularly marked in diesel
engines operating on low-grade fuels of high sulphur content wherein
corrosive acids are produced by combustion. The acids thereby
incorporated in the lubricating oil can include sulphur acids
produced by oxidation of sulphur, hydrohalic acids derived from
halogen lead scavengers in the fuel and nitrogen acids produced by

the oxidation of atmospheric nitrogen within the combustion chamber.

~Such acids cause deposition of sludge and corrosion of the bearings

and engine parts leading to rapid wear and early breakdown of the
engine.

One class of compounds generally employed to neutralise the
acidic materials and disperse sludge within the lubricating oil are
the sulphurised metal alkyl phenates, wherein the metal is an
alkaline earth metal such. as calc;um, magnesxum or barxum. Both |
"normal" and "overbased" sulphurxsed alkallne earth metal alkyl
phenates have been employed. The term "overbased" is used to

describe those sulphurised alkaline earth metal alkyl phenates in

Where a salt of the carboxylic aci d

s st
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di - carboxylic acid. Exanples are polyisobutene succinic acid or a

pol yi sobut.ene succi ni ¢ anhydride. 30 Preferably the carboxylic
aCId(S) having the formula (1), or the poly-carboxylic acid or an ester,
aci d anhydride or salt thereof is incorporated in an anount of 10%to 40%
nore preferably 12 to 20% for exanple apout 16% by wei ght based on the
wei ght of the additive concentrate. An advantage of incorporating greater
than 10% 35 of the carboxylic acid or derivative thereof is that

general | y awhichléhe ehtid wél yhe ouercof Genivaliety icgCtisd aykalsinpr ealzbed.

Commoner! o\ =pst7LeL Uik Bl B AUk R BE 4t oLl o1 ©
greater than one, and is usually greater than 1.2 and may be as high
as 4.5 or greater. In contrast, the equivalent ratio of alkaline

5 earth metal moiety to phenol moiety in "normal" alkaline earth metal
alkyl phenates is one. Thus, the "overbased" material contains
greater than 20% in excess of the alkaline earth metal present in the
corresponding "normal" material. For this reason "overbased"
sulphurised alkaline earth metal alkyl phenates have a greater

10 capability for neutralising acidic matter than do the corresponding

"normal® alkaline earth metal alkyl phenates.

Alkaline earth metal sulphurised hydrocarbyl phenate-containing
compositions having a high TBN (total base number as measured in mg
KOH/g by the method of ASTM D2896), that is a TBN greater than 300,

19 typically greater than 350, and a viscosity measured at 100°C of less
than 1,000 cSt, preferably less than 750 cSt, more preferably less
than 500 cSt, and processes for producing them are known. Thus, our

EP-A-271 262 discloses an additive concentrate suitable for

incorporation into a finished lubricating oil composition, the

20 additive concentrate comprising:

(a) a lubricating oil,

(b) a lubricatiﬁg oil soluble sulphurised or non-sulphurised
alkaline earth metal hydrocarbyl phenate modified by
incorporation of from greater than 2 to less than 40% by weight

25 based on the weight of the composition of either (i) at least

one carboxylic acid having the formula:-

R =~ CH - COOH (1)
rl
30 wherein R is a Cjg to Cpy alkyl or alkenyl group and Rl is

either hydrogen, a C; to C; alkyl group or a ~CH4~COOH group,
or an anhydride, acid chloride or ester thereof or (ii) a di-
or polycarboxylic acid contalnxng from 36 to 100 carbon atoms’
or an anhydride, acid chloride or ester thereof, the .

35 composition having a TBN greater than 300.
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conpound. Suitabl e-inorgani c conmpounds include hydrogen halides, 5 met al
“hal i des, anmoni um hal i des, netal al kanoates, ammbni um al kanoates or a
nono<. di:*, tri- or tetra-alkyl anmmonium fornmate or al kanoate. As regards
"the netal noiety of netal halides or netal al kanoates, this is suitably
either zinc, alumnium or an alkaline earth netal, for exanple calcium A
preferred netal noiety is 10 calcium As regards the halide noiety, the
chloride is preferred. The al kanoate noiety is suitably a CJerr] to (Jerr]
al kanoat e, pref emxlal yddite:{zercro}xcéxare{:erda}x led lpaeeated, bf aractdagpite an acetate

o efer bl y Sre Tl cBupigtles, (L3 AIERLECORRRI S 3o 1 of &
t et ranet hyl mx»:,waszh me(mlpbelm séut:hl agl‘{ee\!:th hylaapniytivdniacet ate.
Exanpl es of Subi&b! afal ahyStaelArbide @l GHg cibiddleandipegpni um chi ori de,

cal ci um acet ate, ammoni um acetate, zinc acetate, and tetrane hyl anmmoni um
acet at e. I SuiTEBLGLonkctn PERRdcoFrImBEEIESE ATl By Lags than A9t lav wepght

based on the weight of the concentrate of either (i) a carboxylic
acid having the formulé (I) or an acid anhydride, acid chloride or
ester thereof or (ii) a di- or polycarboxylic acid containing from 36
to 100 carbon atoms or an acid anhydride, acid chloride or ester

10 thereof. Our EP-A-273588 also discloses an alkaline earth metal
sulphurised hydrocarbyl phenate-containing composition having a high
TBN. The composition can be prepared by reacting at elevated
temperature (A) a sulphurised alkaline earth metal hydrocarbyl
phenate having a TBN less than that of the final additive

15 concentrate, (B) an alkaline earth metal base added in either a
single addition or in a plurality of additions at intermediate points
during the reaction, (C) either a polyhydric alcohol having from 2 to
4 carbon atoms, a di- or tri~ (Cy to C4) glycol, an alkylene glycol
alkyl ether or a polyalkylene glycol alkyl ether, (D) a lubricating

20 o0il, (E) carbon dioxide added subsequent to the, or each, addition or
component (B), and (F) sufficient to provide from greater than 2 to
35% by weight based on the weight of the concentrate of either (i) a
carboxylic acid having the formula (I) or an acid anhydride, or ester
thereof or (ii) a di~ or polycarboxylic acid containing from 36 to

25 100 carbon atoms or an acid anhydride, or ester thereof, the weight
ratio of components (A) to (F) being such as to produce a concentrate
having a TBN greater than 300. Thus the process of EP-A-271262 is
one for the production of a high TBN alkaline earth metal containing
composition from the precursors of a sulphurised hydrocarbyl phenol

30 ie a hydrocarbyl phenol and elemental sulphur (first-intent process),
whereas the process of EP-A-273588 is a process for the production of
a high TBN alkaline earth metal containing composition by upgrading a
pre-formed alkaline earth metal sulphurised hydrocarbyl phenate
(upgfade process).

35 Relative to lubricating oil, for example, the cost of
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w/wt. The catalyst facilitates the overbasing process and nmay have 20

ot her ,benefits. ‘Preferably the TBN of the concentrate is greater than-350,
nmore>preferably greater than 370 even nore preferably greater than 400.
Suitably the concentrate has a viscosity neasured at 100[err]C of |ess than
1000 cSt, preferably less than 750 cSt, nore preferably less 25 t han 500
cSt. Suitably the reaction of conponents4(A) - (G may be carried out at 50
to 200[err]C, preferably 130 to 165[err]C. The pressure nay be atnospheric,

subat rmsphehwrcmarspp@heﬁdms p&leﬁigﬁ. Ebeamnemtanainnarayaﬂm weeaver ed by
conventlonal nean

s, for istill.ative _strippin of conponent
(O . Finall y ntatmlfég ﬁrmé' %srlrt"éanst f?ﬁetpa\r/e ﬁé’c%xbnggn‘i raF sﬁ%go‘% ai ned.

General |y, thecridadtinoAPvi-271p60dnd EParctiG8ftacateithavhiuh arcretépt @il e
viscosity, tchéﬁiéail@ i\ﬁkéf&ﬁjat:&i QxflrdLgc%%b;P%exl&OQefﬁivgtto lubricating
5  oil their cost is highef than it might otherwise be. Expressed in
another way, the scale up factor, that is the ratio of the weight of
the higher TBN alkaline earth metal.sulphurised hydrocarbyl phenol-
containing concentrate (¥g) to the weight of alkaline earth metal
sulphurised hydrocarbyl phenate or its precursors in the initial
10 reactants (Xg) in the prior art processes is low. Typically in the
process of EP-A-273588, for example, the scale up factor is in the
range from 1 to 1.5. The prior art problem to be solved therefore is
that of how to increase the proportion of lubricating oil
incorporated in the alkaline earth metal sulphurised hydrocarbyl
15 phenate containing concentrate composition rélative to hydrocarbyl
phenol, thereby lowering the cost of the product, without
substantially affecting its properties or, expressed in terms of
scale up factor how to increase the scale up factor. We have found
that the solution to the problem is to increase the sulphur content
20 of the reactants. For reasons which are not fully understood a high
sulphur level in the reactants appears to facilitate increased
incorporation of lubricating oil in the concentrate relative to
hydrocarbyl phenol, without detracting from a high TBN.
Accordingly, the present invention provides an additive
25 concentrate having a TBN greater than 300 suitable for incorporation
into a finished lubricating oil composition comprising:-
(1) a first alkaline earth metal sulphurised hydrocarbyl phenate
obtained by overbasing a second alkaline earth metal sulphurised
hydrocarbyl phenate, or its precursors, and
30 (1I) a lubricating oil,
wherein the amount of lubricating oil (II) in the additive
concentrate is such that the ratio of the weight of the additive
concentrate to the weight of the second alkaline earth metal
sulphurised hydrocarbyl phenate, or its precursors, is at least 3.0.

35 The first alkaline earth metal sulphurised hydrocarbyl phenate
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100[err] C, and can produce concentrates ‘having a viscosity |less than 750 35
or 500 cSt at 100[err]C. Moreover, the concentrates generally have 13
desirabl e viscosity index properties. Such visconmetric properties are
advant ageous because they facilitate processing (including filtration) of
the concentrate. However, it is also possible to produce concentrates

havi ng a hi gher vi sc05|ty than 1000 cSt at 100[err] 5 C, generally at

hi gher TBN | evels. Filtration of such concentrates presents a problem

whi ch may béesopesiegaiplibpbeaidie goya odetbaging pr ferent crlfkal treaanh arthRIst ri ppi ng

the diluent sgi%hxﬂ'fxtsgé Jy‘dl:&éa%&?"bneﬂéeewﬁéaﬂ{?xlé’ at MdAle VisS 69SI

concentrates or exanpl e concCentrates having a viscosity gt 1 O[err] C
greater thar?“iB‘G}Bf'cSF itgnerasserysavi ng a

A preferred additive concentrate having a TBN greater than 300
5 suitable for incorporation into a finished lubricating oil
composition comprises:-

(I') a first alkaline earth metal sulphurised hydrocarbyl phenate,

and |

(IX') a lubricating oil,

10 the first alkaline earth metal sulphurised hydrocarbyl phenate (I)
having being obtained by overbasing a second alkaline earth metal
sulphurised hydrocarbyl phenate containing at least 4% Ey weight'
sulphur, or its precursors, in the presence of the lubricating oil
(II), the amount of the lubricating oil (II) being such that the

15 ratio of the weight of the additive concentrate to the weight of the
second alkaline earth metal sulphurised hydrocarbyl phenate, or its
precursors, is at least 3.0.

Additive concentrates according to the invention have the
advantage that they incorporate larger amounts of lubricating oil

20 than hithereto, thereby rendering them cheaper, whilst retaining a
high TBN and without detracting substantially from other valuable
properties.

In another aspect the present invention provides a process for
the production of an additive concentrate having a TBN greater than

25 300 suitable for incorporation into a finished lubricating oil which
process comprises reacting at elevated temperature:

(Aa) at least one compound which is either (i) a hydrocarbyl -
substituted phenol and a source of sulphur in an amount
sufficient to provide a sulphurised hydrocarbyl phenol

30 containing at least 4% by weight sulphur, (ii) a sulphurised

hydrocarbyl phenol containing less than 4% by weight sulphur
and a source of sulphur in an amount sufficient to increase the
sulphur content of the sulphurised hydrocarbyl phencl to at
least 4% by weight, (iii) an alkaline earth metal sulphurised

35 hydrocarbyl phenate containing at least 4% by weight sulphur,
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- 10 high TBN, for exanple greater than 350, may be diluted by addition of
~further lubricating oil whilst naintaining a TBN greater than 300, thereby

facilitatitng filtration.. According to a further aspect of the present '
invention, there is provided a finished lubricating oil conposition which
conposition 15 conprises a major proportion of a lubricating oil and a
m nor proportion of an-additive concentrd& e prepared as herei nbefore
described. I n another aspect of the present invention there is provided an
addi ti ve concent raat €i)oRposiliphorisednydretapyanpraadl tdonea Domgeant Labket 20

prepared as hereigb L bed and, optionally, effective anounts of
one or nore types og;gﬁﬁsgﬁﬁﬁgﬁgﬁ'lubricating oil additives. The additive

concentrat e {Ednpcsi elealing|darhboeetedrhdsy adsdedr¢idder cigs al singileaaddagiant | t han
a finished |ubricgting Q'lllrﬁqwcbsﬂ L&t 188s %Sgﬁéel}ﬁ'xgd@alégvﬁoints during
5 the reaction,

(C) at least one compound which is either (i) a polyhydric alcohol
having 2 to 4 carbon atoms, (ii) a di- (C3-C4) glycol, (iii) a
tri- (Cy-Cy) glycol, (iv) a mono- or poly- alkylene glycol-
alkyl ether of the formula (II):-

10 . Rr3 (OR%) xORS (I1)
wherein R3 is a C; to Cg alkyl group, R% is an alkylene group,
RSis hydrogen or a €; to Cg alkyl group and x is an integer
from 1 to 6, (v) a C; to Cyp monohydric alcohol, (vi) a ketone
having up to 20 carbon atoms, (vii) a carboxylic acid ester
15 having up to 10 carbon atoms, ,or (viii) an ether,

(D) a lubricating oil,

(E) carbon dioxide added subsequent to the, or each, addition of
component (B),

(F) sufficient to provide from 2 to 40% by weight, based on the

20 weight of the concentrate, of at least one compound which is
either (i) a carboxylic acid or an acid anhydride, ester or

salt thereof, the acid having the formula (III):-

Rl - cH - cooH (III)

25 ' Rr?
wherein Rl is a C10 to C34 alkyl or alkenyl group and R? is either
hydrogen, a €1 to C4 alkyl group or a CHyCOOH group, or (ii) a
poly-carboxylic acid containing from 36 to 100 carbon atoms or
an acid anhydride, ester or salt thereof, and
30 (6) a catalyst,
the weight ratios of components (A) to (G) being such as to produce a
concentrate having a TBN greater than 300 and the lubricating oil (D)
being added in an amount such that the ratio of the weight of the
additive concentrate to the weight of the alkaline earth metal

35 sulphurised hydrocarbyl phenate [(A){iii)], or its precursors
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25 *  Preferably the finished lubricating.oil conposition contains
sufficient of the additive concentrate to provide a TBN in the range from
0.5 to 150. The anmount of additive concentrate present in the finished

| ubricating oil will depend on the nature of the final use. Thus, 30 for
marine lubricating oils the anobunt of additive concentrate present may
suitably be sufficient to provide a TBN7of 9 to 100 and for autonobile
engine lubricating oils the amount may suitably be sufficient to provide a
TBN of 4 to(28)(ifhe(X) nished (mbrieqt isgtoléasmy.@l so contain effective

amount s 35 of Mg QuplRlrs O} ko 41580 be CRMLE TS U8 rebLCRLINLO!
in any order known in the art. It is essential, however, that the
component (B) be present when component (E) is added. Typically,

5 components (&), (B), (C), (D), (F), and (G) are first reacted and the
product is then reacted with (E). Alternatively, components (A), a
part of (B) and (C), (D), (F) and (G) can be reacted initially and
the product reacted with a part of (E); thereafter the remainder of
(B) can be reacted and the product reacted with the remainder of (E).

10 other variations in the order of addition will be readily apparent to
those skilled in the art. For example component (G) may be omitted
from the initial reactants and added immediately before component(E).

An advantage of performing the process of the invention is that
scale up factors of at least 3. and as high as 20 can be achieved,

15 whilst retaining a high TBN, thereby improving the economics of the
process.

Using an alkaline earth metal sulphurised hydrocarbyl phenate
as the initial reactant without the addition of further sulphur, ie
an upgrading process, a known advantage of the prior art process,

20 namely that no hydrogen sulphide is evolved, is retained

Component (A) of the reaction mixture is either (i) a
hydrocarbyl-substituted phencl and a source of sulphur in an amount
sufficient to provide a sulphurised hydrocarbyl phencl containing at
least 4.0% by weight sulphur, (ii) a sulphurised hydrocarbyl phencl

25 containing less than 4% by weight sulphur and a source of sulphur in
an amount sufficient to increase the sulphur content of the
sulphurised hydrocarbyl phencl to at least 4.0% by weight, (iii) an
alkaline earth metal sulphurised hydrocarbyl phenate containing at
least 4.0% by weight sulphur , or (iv) a sulphurised hydrocarbyl

30 phenol containing at least 4% by weight sulphur. Suitably the
alkaline earth metal moiety of the alkaline earth metal phenate
employed as component (A) may be strontium, calcium, magnesium or
barium, preferably calcium, barium or magnesium, more preferably
calcium. Processes starting with (A) (i), (ii) and (iv) may be

35 regarded as first-intent processes and the process starting with (A)
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for exanpl-e viscosity index inprovers, anti-wear agents, antioxidants,
di-spersants, rust inhibitors, pour-point depressants, or the |ike, which
may be incorporated into the finished lubricating oil conposition either
directly or through the internediacy of the 5 concentrate conposition.
The invention wll now be further illustrated by reference to the follow ng
Exanmples. The term"TBN' is used to dengge the Total Base Nunber in ng
KOH g as neasured by the nmethod of ASTM D2896. The viscosity was 10
nmeasur ed by (tihé) nist hoipgtaddSPbdakss. It ns threfé&xadpte emphal Cosgartisely Test s
whi ch foll ow._t eviation_ V1 | S, I | S..[ e ts.the

Vi scosity a}tgnl%gjfaeeilrg% 63%%(%#52?% ssglgptf%rsg g?h&}égg‘ﬁarrr;gi Zbgﬁg%esﬁgg &fép °F

Sul phur i sed & ghphwrisgdk prdysranby le pherrlacontadgnngl of ckdagk UGl dmdweight

sulphur, more preferably at least 8% by weight sulphur. Generally,

5 the higher the sulphur content of the reactants the higher the scale-
up factor which can be achieved. The determination of the sulphur
level appropriate to any particular scale-up factor is well within
the competence of a person skilled in the art. The foregoing figures
in relation to sulphur refer to the sulphur content of the reactants,

10 not the sulphur content of the product, which in general is
considerably lower. The sulphurised phenate (A) (iii) may be
carbonated or non-carbonated.

The hydrocarbyl substituent of the hydrocarbyl-substituted
phenol or the alkaline earth metal hydrocarbyl phenate is preferably

15 an alkyl group. The alkyl group may be branched or unbranched.
Suitable alkyl groups contain from 4 to 50, preferably from 9 to 28,
carbon atoms. A particularly suitable alkyl phenol is the Cjj-alkyl
phenol obtained by alkylating phenol with propylene tetramer. The
hydrocarbyl-substituted phenate and the hydrocarbyl-substituted

20 phenol may be a mono- or poly- substituted compound. A particularly
suitable poly-substituted phenol is dinonyl phenocl. The source of
sulphur may for example be elemental sulphur, a sulphur monohalide or
sulphur dihalide.

Methods for preparing the various starting materials are well

25 known in the art.

The alkaline earth metal base [component B] may suitably be an
alkaline earth metal oxide or hydroxide, preferably the hydroxide.
Preferred alkaline earth metals are calcium, magnesium and barium and
more preferred is calcium. The alkaline earth metal base must be

30 added in an amount relative to component (A) sufficient to produce a
product having a TBN in excess of 300, preferably in excess of 350,
more preferably in excess of 370, most preferably in excess of 400.
This amount will depend on a number of factors including the nature
of the phenol or phenate and the amount of lubricating oil added.

35 Typically, the weight ratio of component (B) to component (A)
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3. 3%'sul phur : 250 g Lubricating oi | 28 ¢ Li me o 72 g 20
Stearic acid : 69 g Cal cium acetate 4 g 2-ethyl hexanol

g was heated to 145[err]C/ 11" Hg and held for 5 nminutes. Ethylene gl ycbl
(42 g) was added and held for ‘a further 5 25

Carbon dioxide (72 g) was added at 145[err]C/ 1 bar foll owed by renoval

sol vent at
14. 2% 30

10

15

20

25

30

35

111

m nutes at 145[err] C 11" ‘Hg.
of

210C/ 10 mm Hg. The filtered pgoduct (432 g) contained: Calcium

Sul phur 1. 9% :
is 0.2 to 50:1, preferably 0.4 to 10:1. The alkaline earth metal

base (B) may be added to the initial reactants all at once, or part
may be added to the initial reactants and the remainder in one or
more portions at a subsequent stage or stages in the process.

Component (C) can be a polyhydric alcohol having from 2 to 4
carbon atoms. The polyhydric alcohol is suitably a dihydric alcohol,
for example ethylene glycol or propylene glycol, or a trihydric
alcohol, for example glycerol. The di- or tri- (Cy to C4) glycol may
suitably be either diethylene glycol or triethylene glycol. The
alkylene glycol alkyl ether or polyoxyalkylene glycol alkyl ether is
cf the formula:-

R3 (0R%) xORS (11)
wherein R3 is Cy1 to Cg alkyl, R is an alkylene group, RS is hydrogen
or C; to Cg alkyl and x is an integer of 1 to 6. Suitable compounds
having the formula (II) include the monomethyl or dimethyl ethers of
ethylene glycol, diethylene glycol, triethylene glycol or
tetraethylene glycol. A particularly suitable diglycol ether is
methyl digol (CH30CHoCHoOCH5CH,OH). Mixtures of glycols and glycol
ethers of formula (II) may also be employed. Component (C), may also
suitably be a carboxylic acid ester having . up to 10 carbon atoms, a
C; to Cyp monochydric alcohol, a ketone having up to 20 carbon atoms,
or an ether having up to 20 carbon atoms which may be aliphatic,
alicyclic or aromatic. Examples are methanol, acetone, 2-ethyl
hexanol, cyclohexanol, cyclohexanone, benzyl alcohol, ethyl acetate
and acetophenone, preferably 2-ethyl hexanol. 1In a preferred method
of producing the concentrate of the present invention, there may be
used in combination (i) component (C) as defined above and (ii) a
solvent.

As the solvent (ii) there may suitably be used an inert
hydrocarbon, which may be aliphatic or aromatic. Examples of
suitable solvents (ii) include toluene, xylene, naphtha and aliphatic
paraffins, for example hexane, and cycloaliphatic paraffins.

A suitable combination of (i) and (ii) is methanol and toluene.
An advantage of using a combination of (i) and (ii) is that the use

of ethylene glycol can be avoided. Residual ethylene glycol in the
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TBN 398 ng KOH' g V100 . L. 337 cSt

SCALE- UP FACTOR 432 .divided by 250 = 1.73:1 This is not an
exanpl e according to the present invention 35 because the sul phur content
of the starting .cal cium al kyl phenate was | ess than 4% by wei ght and the

scal e-up factor was less than 3. Conparison Test 2 (not according to the
I nvention) The conditions of Conparison jgest 1 were repeated except that57
g rather than 250 g of sul phurised cal cium al kyl phenate were 5 used.

Lubri cati ng10btidaf2dg @il aidiRE i @By 2@ sP)t ri@ptarcadidhes s shothePignate. Thi s
change had twngc}?ftﬁlgcéon%Ln‘lrna%;egssiurslgd.t he scal e-up factor
The lubricating oil [component (D)) is suitably an animal oil,a
vegetable oil or a mineral oil. Suitably the lubricating oil is a
5 petroleum—derived lubricating o0il, such as naphthenic base,'paraffin
base or mixed base oil. Solvent neutral oils are particularly
suitable. Alternatively, the lubricating oil may be a synthetic
lubricating oil. Suitable synthetic lubricating oils include
synthetic ester lubricating cils, which oils include diesters such as
10 di-octyl adipate, di-octyl sebacate and tridecyladipate, or polymeric
hydrocarbon lubricating oils, for example liquid polyisobutenes.and
poly-alpha olefins. When ingredient (D) is a vegetable oil, the
lubricating oil used in the finished lubricating oil composition into
which the concentrate is incorporated is suitably also a vegetable
15 o©0il. The lubricating oil is used in an amount at least sufficient to
achieve a scale-up factor of at least 3.0, preferably greater than 5,
more preferably greater than 10, most preferably greater than 15.
Component (E) is carbon dioxide, which may be added in the form
of a gas or a solid, preferably in the form of a gas. When used in
20 gaseous form, it may suitably be blown through the reaction mixture.
The amount of carbon dié?ide used is preferably 5 to 20% especially 9
to 15%, by weight based on the weight of the concentrate. Where the
process of the present invention is an upgrade process (i.e. starting
with component (A) (iii), it is preferred that component (B) is added
25 in two stages, each addition being followed by an addition of carbon
dioxide. However, for a first-intent process, it is preferred that
component (B) is added in a single addition and the carbon dioxide is
also added in a single addition.subsequent to the addition of
component (B).
30 Component (F) is F(i) a carboxylic acid of formula (I) as
defined above or an ester, acid anhydride or a salt therecf, or F(ii)
a poly-carboxylic acid containing from 36 to 100 carbon atoms, or an
ester, acid anhydride or a salt thereof. The amount of component (F)
added should be sufficient to provide from 2 to 40% by weight based
35 on the weight of the concentrate. Preferably Rl in the carboxylic
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from'l,73 to 7.6:1. During-the solvent strip stage at 210[err]C/ 10 nm Hg
the product 10 becanme a grease and the test was aborted. The above
conpari son tests denonstrate that a major limting feature, in 'second
intent' processes, is the scale-up factor which is a severe constraint both
to process economcs and reaction flexibility. 15 Example 1 A slurry
conprising: Sul phurised cal ciumal kyl phgnate containing 5.8% cal ci um and
4. 4% sul phur 58 g 20 Lubricating oil 161 g Line

110 g Stearigadst Gormula (I1I) {8 dhbranched alkyl or alkenyl. Preferred
acids of formula (III) are those wherein Rl is a Cip to Cg4, more
preferably Cyg to Cpy4, straight chain alkyl, and R? is hydrogen.
Examples of suitable saturated .carboxylic acids of formula (III)

5 include capric acid, lauric acid, myristie .acid, palmitic acid,
stearic acid, isostearic acid, arachidic acid, behenic acid and
lignoceric acid. Examples of suitable unsaﬁurated acids of formula
{III) include lauroleic acid, myristoleic acid, palmitoleic acid,
oleic acid, gadoleic acid, erucic acid, ricinoleic acid, linoleic

10 acid and linolenic acid. Mixtures of acids may also be employed, for
example rape top fatfy acids. Particularly.suitable mixtures of
acids are those commercial grades containing a range of acids,
including both saturated and unsaturated acids. Such mixtures may be
obtained synthetically or may be derived from natural products, for

15  example cotton oil, ground nut oil, coconut oil, linseed oil, palm
kernel oil, olive oil, corn oil, palm oil, castor oil, soyabean oil,
sunflower oil, herring oil, sardine oil and tallow. Sulphurised
acids and acid mixtures may also be employed. Instead of, or in
addition to, the carboxylic acid there may be used an ester or acid

20 anhydride, of the acid, preferably the acid anhydride. Where a salt
of the carboxylic acid is used, it is preferred that the salt is an
alkaline earth metal salt. It is preferred however to use a
carboxylic acid or a mixture of carboxylic acids. A preferred
carboxylic acid of formula (III) is stearic acid.

25 Instead of, or in addition to, using (F)(i), F(ii), which is a
poly-carboxylic acid containing from 36 to 100 carbon atoms or an
ester or acid anhydride thereof can be used., F(ii) is preferably a
di~ carboxylic acid. Examples are polyiscbutene succinic acid or a
polyiscbutene succinic anhydride.

30 Preferably the carboxylic acid(s) having the formula (I), or
the poly-carboxylic acid or an ester, acid anhydride or salt thereof
is incorporated in an amount of 10% to 40%, more preferably 12 to
20%, for example about 16%, by weight based on the weight of the
additive concentrate. An advantage of incorporating greater than 10%

35 of the carboxylic acid or derivative thereof is that generally a
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Cal ci um acetate : . 4.9 2-ethyl hexanol : 150 g 25 was heated to
130[err]CL11" Hg and held for 5 m nutes. Ethylene glycol (42 g) was added
and held for a further 5 minutes at 130[err]C/ 11" Hg. Carbon dioxide (70 g)
was added at 130C/ 1 bar foll owed by renoval of solvent at 210[err]C 10 mm
Hg. The filtered product (443 g) 30 cont ai ned: Cal ci um :

14. 1% Sul phur ¥ 7% TBN ;
393 mg KOH g V100 : : 59 ¢St 35 SCALE- UP FACTOR
7.6:1 relatively lower concentrate viscosity is produced.

Component (G) is a catalygi. The catalyst may be either an
inorganic compound or an organic compound, preferably an inorganic
compound. Suitable inorganic compounds include hydrogen halides,

5 metal halides, ammonium halides, metal alkanocates, ammonium
alkancates or a mono-. di-, tri- or tetra-alkyl ammonium formate or
alkanoate. As regards the metal moiety of metal halides or metal
alkanocates, this is suitably either zinc, aluminium, or an alkaline
earth metal, for example calcium. A preferred metal moiety is

10 calcium. As regards the halide moiety, the chloride is preferred.

The alkanoate moiety is suitably a C; to Cjg alkanoate, preferably a
Cy to C4 alkanoate, for example an acetate or propionate. When a

substituted ammonium compound is used, it is preferably a tetra- (Cl
to C4 alkyl) ammonium compound, especially a tetramethylammonium

15 compound such as tetramethylammonium acetate. Examples of suitable
catalysts include calcium chloride, ammonium chloride, calcium
acetate, ammonium acetate, zinc acetate, and Eetramethylammonium
acetate. Suitably the amount of catalyst employed may be up to 2.0%
wt/wt. The catalyst facilitates the overbasing process and may have

20 other benefits.

Preferably the TBN of the concentrate is greater than 350, more
preferably greater than 370 even more preferably greater than 400.
Suitably the concentrate has a viscosity measured at 100°C of less
than 1000 cSt, preferably less than 750 cSt, more preferably less

25 than 500 cst.

Suitably the reaction of components (A) - (G) may be carried
out at SO0 to 200°C, preferably 130 to 165°C. The pressure may be
atmospheric, subatmospheric or superatmospheric.

The concentrate may be recovered by conventional means, for

30 example by distillative stripping of component (C).

Finally, it is preferred to filter the concentrate so cbtained.

Generally, the reaction will produce a concentrate having an
acceptable viscosity, that is a viscosity of less than 1000 cSt at -
100°C, and can produce concentrates having a viscosity less than 750

35 or 500 cst at 100°C. Moreover, the concentrates generally have
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16 Conparison Test 3 The conditions of Exanple 1 were repeated except that
t he sul phurised cal ci um-al kyl phenate contained 5.5% cal cium (cf. 5.8% and
3.2% of sul phur rather than 4.4% 5 During the solvent strip stage
at 210[err]C/10 mm Hg the product fornmed a grease and the test was

term nated. Thus by contrast with Exanple 1 insufficient sul phur rather
than reduced calciumled to the failut® of this conparison test. Exanple 2
10 A slurry conprising: Sul phurised cal cium al kyl phenate

cont ai ni ng Be8¥sakdkcyiarraity 4ndd pubgHruied.46S¢ch viscometric properties

are advantageous because they facilitate processing (including
filtration) of the concentrate. However, it is also possible to
produce concentrates having a higher viscosity than 1000 ¢St at 100°
5 C, generally at higher TBN levels. Filtration of such concentrates

presents a problem, which may be overcome by adding a diluent prior
to filtration and stripping the diluent off after filtration.
Alternatively, high viscosity concentrates, for example concentrates
having a viscosity at 100°C greater than 1000 ¢St, and also having a

10 high TBN, for example greater than 350, may be diluted by addition of
further lubricating oil whilst maintaining a TBN greater than 300,
thereby facilitating filtration.

According to a further aspect of the present invention, there
is provided a finished lubricating oil composition which composition

15 comprises a major proportion of a lubricating oil and a minor
proportion of an additive concentrate prepared as hereinbefore
described.

In another aspect of the present invention there is provided an
additive concentrate composition comprising an additive concentrate

20 prepared as hereinbefore described and, optionally, effective amounts
of one or more types of conventional lubricating oil additives.

The additive concentrate composition will necessarily comprise
less lubricating oil than a finished lubricating oil composition as
described above.

25 Preferably the finished lubricating oil composition contains
sufficient of the additive concentrate to provide a TBN in the range
from 0.5 to 150.
The amount of additive concentrate present in the finished
lubricating oil will depend on the nature of the final use. Thus,
30 for marine lubricating oils the amount of additive concentrate
present may suitably be sufficient to provide a TBN of 9 to 100 and
for automobile engine lubricating oils the amount may suitably be
sufficient to provide a TBN of 4 to 20.
The finished lubricating oil may also contain effective amounts

35 of one or more other types of conventional lubricating oil additives,
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Lubrlcatlng oi |- '84915' , Li me ' 9898tear|c acid

76 g Cal ci um acetate : .4 g 2-ethyl hexanol. : 150 g was heated to
130[err]C/11" Hg and held for 5 mnutes. 20 Et hyl ene gl ycol (42 @)
was added and held for a further 5 mnutes at 130[err]C/ 1" Hg. Carbon

di oxide (80 g) was added at 130[err]C/ 1 bar followed by renoval of sol vent
at 210[err] ¢/ 10 nm Hg. The filtered pl’OCilliCt (436 g) contained: 25
Cal ci um - 14. 2% Sul phur : 1.5%

TBN for example viscosity3iHAeRUingbl¢rsy18Mti~wear agents, ; 104 cSt
antioxidants, dispersants, rust inhibitors, pour-point depressants,

or the like, which may be incorporated into the finished lubricating

oil composition either directly or through the intermediacy of the
% concentrate composition.
The invention will now be further illustrated by reference to
the following Examples.
The term "TBN" is used to denote the Total Base Number in mg
KOH/g as measured by the method of ASTM D2896. The viscosity was
10 measured by the method of ASTM D44S. In tﬁe Examples and Comparison
Tests which follow the abbreviation Vigg is employed. This
represents the viscogity at 100°C.
Comparison Test 1
A slurry comprising:
15 Sulphurised calcium alkyl phenate containing 9.1% calcium and

3.3% sulphur

s 250 g
Lubricating oil : 28 g
Lime : 72 g
20 Stearic acid : 69 g
Calcium acetate : 4 g

2-ethyl hexanel : 111 g
was heated to 145°C/11" Hg and held for 5 minutes.
Ethylene glycol (42 g) was added and held for a further §
25  minutes at 145°C/11" Hg.
Carbon dioxide (72 g) was added at 145°C/1 bar followed by
removal of solvent at 210°C/10 mm Hg. The filtered product (432 g)

contained:
Calcium H 14.2%
30 Sulphur : 1.9%
TBN 3 398 mg KOH/g
V100 : 337 cSt
SCALE-UP FACTOR H 432 divided by 250 = 1.73:1

This is not an example according to the present invention

35 Dpecause the sulphur content of the starting calcium alkyl phenate was
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SCALE- UP FACTOR ; 3.0:1 30 . - The followi ng Exanples 3 to 5

. each follow the reaction conditions of tthe above Exanple 2 and differ only
in the charge weights of certain of the conponents used. This was necessary

in order to standardi se upon a 400 TBN reci pe. 35 17 Example 3

Sul phuri sed cal ci um al kyl phenate : 121 g Lubricating oil

105 g 5 Li me 15 101 ¢

less than 4% by weight and the scale-up factor was less than 3.
Comparison Test 2 (not éccording to _the invention)

The conditions of Comparison Test 1 were repeated except

thatS57 g rather than 250 g of sulphurised calcium alkyl phenate were
5 used. Lubricating oil (221 g rather than 28 g) replaced the missing
phenate.

This change had the effect of increasing the scale-up factor
from 1.73 to 7.6:1. _

During the solvent strip stage at 210°C/10 mm Hg the product

10 became a grease and the test was aborted.

The above comparison tests demonstrate that a major limiting:
feature, in 'second intent' processes, is the scale-up factor which
is a severe constraint both to process economics and reaction
flexibility.

15 Example 1

A slurry comprising:

Sulphurised calcium alkyl phenate containing 5.8% calcium and
4.4% sulphur

: 58 g
20 Lubricating oil : 161 g
Lime : 110 g
Stearic acid H 78 g
Calcium acetate : 4 g

2-ethyl hexanol : 150 g
25 was heated to 130°C/11" Hg and held for 5 minutes.
Ethylene glycol (42 g) was added and held for a further 5
minutes at 130°C/11" Hg.
Carbon dioxide (70 g) was added at 130°C/1 bar followed by

removal of solvent at 210°C/10 mm Hg. The filtered product (443 g)
30 contained:

Calcium : 14.1%
Sulphur : 0.7%
TBN 3 393 mg KOH/g
Vio0 : 59 cst

35 SCALE-UP_FACTOR : 7.6:1
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“Stearic acid . o B 78 g Cal ci.um acetate

4 g 2-ethyl hexanol ' 150 ¢ Et hyl ene _glycol"

42 g 10 - Car bon di oxi de 70 g Product wei ght

; 436 g Cal cium _ . 13.9%Sul phur

1.2% TBN : 390 ng KOH g 15 V100

: . 79 cSt SCALE- UP FACTOR 16 3.6:1 Exanple 4 Sul phurised cal cium
al kyl phenol : 104 g 20 Lubricating oil : 121 g

10

15

20

25

30

35

Comparison Test 3

The conditions of Example 1 were repeated except that the
sulphurised calcium alkyl phenate contained §.5% calcium (cf.
5.8%)and 3.2% of sulphur rather than 4.4%.

During the solvent strip stage at 210°C/10 mm Hg the product
formed a grease and the test was terminated.

Thus by contrast with Example 1 insufficient sulphur rather
than reduced calcium led to the failure of this comparison test.
Example 2

R slurry comprising:

Sulphurised calcium alkyl phenate containing 5.8% calcium and
4.4% sulphur

: 146 g
Lubricating oil : 84 g
Lime : 98 ¢
Stearic acid : 76 g
Calcium acetate 4 g

2-ethyl hexanol : 150 g
was heated to 130°C/l1l" Hg and held for 5 minutes.

Ethylene glycol (42 g) was added and held for a further 5
minutes at 130°C/l1i" Hg.

Carbon dioxide (80 g) was added at 130°C/l1 bar followed by
removal of solvent at 210°C/10 mm Hg. The filtered product (436 g)

contained:
Calcium ] 14.2%
Sulphur : 1.5%
TBN : 390 mg KOH/g
V100 : 104 cst
SCALE-UP FACTOR : 3.0:1

The following Examples 3 to 5 each follow the reaction
conditions of the above Example 2 and differ only in the charge
weights of certain of the components used. This was necessary in

order to standardise upon a 400 TBN recipe.
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Li me
g Cal cium acetate
150 g 25

Et hyl ene gl ycol
70 g Product weight

14. 0% Sul phur
390 ng KOH g V100

4.2:1 35

Example 3

Sulphurised calcium alkyl phenate

10

15

Lubricating oil
Lime

Stearic acid
Calcium acetate
2-ethyl hexanol
Ethylene glycol
Carbon dioxide
Product weight
Calcium

Sulphur

TBN

Vioo

SCALE-UP_FACTOR

Example 4
Sulphurised calcium alkyl phenol

20

25

30

35

Lubricating oil
Lime

Stearic acid
Calcium acetate
2-ethyl hexanol
Ethylene glycol
Carbon dioxide
Product weight
Calcium

Sulphur

TBN

Vioo

SCALE UP_FACTOR

103 g Stéaric acid _
' et hyl hexanol

4 g 2-

. 109 cSt SCALE UP FACTOR

: 1

1

4
1l

79 cst

3.6:1

: 1

1

4
1

4.2:1

42 g Carbon dioxide

438 g
1. 1% 30

21 g
105 g
101 g
78 g
4 g

50 g
42 g
70 g

36 g

3.9%

1.2%

Cal ci um

390 mg KoH/g

04 g
121 g
103 g
78 g
44
50 g
42 g
70 g
38 g
4.0%
1.1%

390 mg KoH/g
109 cst

TBN

78
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84 ¢ Lubficating oi |

0. 9%

1é Exaﬁple 5 Sul phurised cal ci um al kyl phenol 107 g Stearic acid
: 13895 Lime " 4.9 2-ethyl hexanol
78 g CaIC|un1?cgé?te - 42 g 10 Car bon
diOXide150 g EthyI?ne gly 70 g Product wei ght .458 g
Cal ci um 14.096Sulb%ur :
Example 5
Sulphurised calcium alkyl phenol
' : 84 g
Lubricating oil 3 138 g
5 Lime : 107 g
Stearic acid : 78 g
Calcium acetate H 4 g
2-ethyl hexanol : 150 g
Ethylene glycol : 42 g
10 Carbon dioxide : 70 g
Product weight . : 458 g
Calcium H 14.0%
Sulphur : 0.9%
TBN : 390 mg KOH/g
15 V100 : 63 cst
SCALE-UP FACTOR : 5.5:1
Example 6
Sulphurised calcium alkyl phenate containing 5.3% calcium and
7.1% suléhur (rather than 4.4%).
20 : 22 g
Lubricating oil H 197 g
Lime H 110 g
Stearic acid s 78 g
Calcium acetate : 4 g
25 2-ethyl hexanol : 150 g
was heated to 130°c/11" Hg and held for § minutes.
Ethylene glycol (42 g) was added and held for a further 5
minutes at 130°C/11" Hg.
Carbon dioxide (70 g) was added at 130°C/1 bar followed by
30 removal of solvent at 210°C/10 mm Hg. The filtered product (438 g)
contained:
Calcium : 13.7%
Sulphur H 0.6%
TBN : 383 mg KOH/g
35 V100 : 94 cst
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TBN : 390 ng KOH g 15 V100

. 63 ¢St SCALE- UP FACTCR 5.5:1 Exanple 6 Sul-phurised cal ci um
al kyl phenate contai ning 5.3% cal ci um and 7. 1% sul phur (rather than 4.49%.
20 22 g Lubricating oil

197 g Line : 19 : 110 g Stearic acid
D 78 g Cal cium acet ate 4 g 25 2- et hyl
hexanol : 150 g was heat ed to 130C/ 11" Hg and held for 5
m nut es. Et hyl enscgty-a_)_@l FAckdrg) WasS a@dedl and held for a further 5 minutes
at 130C 11 cquEarJ.son Test 4
The procedure of Example 6 above was repeated except that the
calcium alkyl phenate contained 5.9% rather than 7.1% of sulphur.
5 During the solvent strip stage at 210°C/10 mm Hg the product

degraded into a grease and the test was terminated.

Example 6 and Comparison Test 4 demonstrate the relationship
between the scale~up factor and the sulphur content of the starting
calcium sulphurised alkyl phenate. In Example 6 using a sulphur

10 content of 7.1% a scale-up factor of 19.1:1 is achieved. This scale-
up factor can not be achieved when the sulphur content is reduced to
$.9% as in Comparison Test 4.
Example 7
The sulphurised calcium alkyl phenate used in the failed
15 Comparison Test 4 above was re~tested in a recipe designed to give a
scale-up factor greater than 7.6:1 (see Example 1) and less than

19.9:1 (see Example 6).
A slurry comprising:

Sulphurised calcium alkyl phenate containing 5.3% calcium and
20 5.9% sulphur.

s 44 g

Lubricating oil : 175 g

Lime : 111 g

Stearic acid : 78 g

25 Calcium acetate : 4 g
2-ethyl hexanol : 150 g

was heated to 130°C/11" Hg and held for 5 minutes.

Ethylene glycol (42 g) was added and held for a further §
minutes at 130°c/11" Hg.

30 Carbon dioxide (70 g) was added at 130°C/1 bar followed by
removal of solvent at 210°C/10 mm Hg. The filtered product (443 ¢)
contained:

Calcium s 14.4%
Sulphur : 0.7%
35 TBN _ : 401 mg KOH/g
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Car bon d| oxide (70 g) was added at 130[err]C 1 bar fol | oned by 30 r emoval
of solvent -at 210C/ 10 mm Hg. * The filtered product (438 g) cont al ned:

Cal ci um : 13. 7% Sul phur - : 0.6%
TBN : 383 ng KOH g 35 V100

: 94 cSt 19 SCALE- UP FACTOR 20: 19.9:1 Conparison Test 4 The
procedure of Exanple 6 above was repeated except that the cal cium aI Kyl

phenat e contai ned 5.9% rather than 7.1% of sul phur.
SCALE-UP FACTOR : 10:1

This is the replac_ement sheet
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5 During the solvent strip stage at 210[err] C/ 10-nm. Hg -t he _product
degraded iinto a grease and the test was term nated. Exarrpl e 6 and

Conpari son Test 4 denonstrate the rel ationship between ,MHm l’” ﬂ or
and the sul phur content of the starting cal ci um sul phuri lu m' m!

In Exanple 6 using a sul phur 10 content of 7.1%a scale-Up factors of*
19.1:1 is achieved. This scale- up factor can not be achieved when the .

sul phur content is reduced to 5.8% as in Conparison Test 4. Exanple 7 The
sul phuri sed cal ci um al kyl phenate used in the failed 15 Conpari son Test 4
above was re-tested in a recipe designed to give a scale-up factor greater

than 7.6:1 (see Exanple 1) and less than 19.9:1 (see Exanple 6). A slurry
conpri sing: Sul phurised cal cium al kyl phenate containing 5.3% cal ci um and

Claims:

1. An additive concentrate composition having a TBN greater than
300 suitable for incorporation into a finished lubricating oil
composition comprising:~-
(I) a first alkaline earth metal sulphurised hydrocarbyl phenate
5 obtained by overbasing a second alkaline earth metal sulphurised

hydrocarbyl phenate, or its precursors, and
(II) a lubricating oil,
wherein the amount of lubricating oil (II) in the additive
concentrate compositioh is such that the ratio of the weight of the

10  additive concentrate to the weight of the second alkaline earth metal
sulphurised hydrocarbyl phenate, or its precursors,Jis at least 3.0.
2. An additive concentrate composition having a TBN greater than
300 suitable for incorporation into a finished lubricating Qil
composition according to claim 1 comprising:-

15 (I') a first alkaline earth metal sulphurised hydrocarbyl phenate,
and '
(II') a lubricating oil,
the first alkaline earth metal sulphurised hydrocarbyl phenate (I')
being obtained by overbasing a second alkaline earth metal

20 sulphurised hydfocarbyl phenate containing at least 4% by weight
sulphur, or its precursors, in the presence of the lubricating oil
(II'), the amount of the lubricating oil (II') being such that the
ratio of the weight of the additive concentrate to the weight of the

second alkaline earth metal sulphurised hydrocarbyl phenate, or its

25 Dprecursors, is at least 3.0.
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20 '5.9%sul phur. : 44 g Lubri catl ng oi

'iace"t*atell”1 ¢ % eari ¢ actd .4 g 2 et hyI hekanol 78 925 ”"‘"”H'" " 'EMJ

heated to 130[err]C/11" Hg. and held foyp25 mnutes. Et hyI ene egcoI (42 s))
was added and held for a further 5 mnutes at 130[err]C/ 11" Hg. 30
.Carbon dioxide (70 g) was added at 130[err]C/ 1 bar followed by renoval of
solvent at 210[err]C/ 10 nm Hy. The filtered product (443 g) contai ned:

Cal ci um 3. An additive:@concentlhtd%chipbgitibn according to either ione of 0. 7%

claims 1 or 2 having a TBN greater than 370.

4. An additive concentrate composition according to either one of

claims 1 or 2 having a TBN greater than 400.

5 S. An additive concentrate according to any one of claims 1 to 4
having a viscosity at 100°C of less than 1000 cst.

6. An additive concentrate according to claim 5 having a viscosity

at 100°C of less than 500 cSt.

7. A process for the production of an additive concentrate having

10 a TBN greater than 300 as claimed in any of claims 1 to 6 which
process comprises reacting at elevated temperature:

(a) at least one compound which is either (i) a hydrocarbyl
substituted phenol and a source of sulphur in an amount
sufficient to provide a sulphurised hydrocarbyl phenol

15 | containing at least 4% by weight sulphur, (ii) a sulphurised
hydrocarbyl phenol containing less than as by weight sulphur
and a source of sulphur in an amount sufficient to increase the
sulphur content of the sulphurised hydrocarbyl phenol to at
least 4% by weight, (iii) an alkaline earth metal sulphurised

20 hydrocarbyl phenate containing at least 4% by weight éulphur,
or (iv) a sulphurised hydrocarbyl phencl containing at least 4%
by weight sulphur,

{B) an alkaline earth metal base added either in a single addition
or in a plurality of additions at intermediate points during

25 the reaction,

(C) at least one compound which is either (i) a polyhydric alcchol
having 2 to 4 carbeon atoms, (ii) a di-~ (Cy-C4) glycol, (iii) a
tri- (C3-Cy) glycol, (iv) a mono~ or poly- alkylene glycol
alkyl ether of the formula (II):- '

30 R3 (OR4) XORS (II)
wherein R3 is a C, to Cg alkyl group, R4 is an alkylene group,
RSis hydrogen or a C; to Cg alkyl group and x is an integer
from 1 to 6, (v) a Cy; to Cyg monchydric alcohol, (vi) a ketone
having up to 20 carbon atoms, (vii) a carboxylic acid ester

35 having up to 10 carbon atoms, or (viii) an ether having up to
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35 T8N , o 401 my KOH g
FACTOR . 107 1 21 Clains: 1. An additive concmmg gm’@ m
conposi ti‘on having a TBN greater than 300 suitable for incbrporatl
finished lubricating oil composition conprising:- (1') a first alkaline

earth nmetal sul phurised hydrocarbyl phengge, and (l11') a lubricating oil,

20 carbons atoms,

(D) a lubricating oil,

{E) carbon dioxide added subsequent to the, or each, addition of
component (B),

5 (F)' sufficient to provide from 2 to 40% by weight, based on the
weight of the concentrate, of at least one compound which is
either (i) a carboxylic acid or an acid anhydride, ester or
salt thereof, the acid having the formula (III):-

Rl - cE - cooH {II1)
10
Rr2
wherein Rl is a Cig to Cy4 alkyl or alkenyl'group and R? is
either hydrogen, a Cj to C4 alkyl group or a CH,COOH group, or
{(ii) a poly-carboxylic acid containing from 36 to 100 carbon
15 atoms or an acid anhydride, ester or salt thereof, and
(&) a catalyst,
the weight ratios of components (A) to (G) being such as to produce a
concentrate having a TBN greater than 300 and the lubricating oil (D)
being added in an amount such that the ratio of the weight of the
20 additive concentrate to the weight of the alkaline earth metal
sulphurised hydrocarbyl phenate [(A)(iii)), or its precursors
((aAY(i), (A) (ii) or (A) (iv)] is at least 3.0.
8. A process according to claim 7 wherein the alkaline earth metal
of the alkaline earth metal base is either calcium, magnesium or
25 barium,
9. A process according to claim 8 wherein the alkaline earth metal
is calcium.
10. A process according to any one of claims 7 to 9 wherein the
alkaline earth metal base (B) is added in an amount relative to
30 component (A) sufficient to produce a concentrate having a TBN in
excess of 370. '
i1. A process according to any one of claims 7 to 10 wherein the
lubricating oil (D} is added in an amount such that the ratio of the
weight of the additive concentrate to the weight of the alkaline

35 earth metal sulphurised hydrocarbyl phenate [(A)(iii}}, or
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.the first alkaline earth.metal sul phurised hydrocar bylsl ' |ng
. obt-ai ned hy overbasing a-second al kaline earth netal mﬂmﬁw”‘ylﬁm : -
hydrocar byl phenate containing at |east 4% by wei ght sul plfur t ok x
precursors, in the presence of the lubricating oil (l11"), wherein the ratio

of the weight of the additive concentrate to the weight of the second

al kaline earth netal sul phurised hydrocaggpyl phenate, or its precursors, is

at least 3.0. 2. An additive concentrate conposition according to claim

1 havi ng a TBNPHResers tHAN (D70 (AR 1L) otadAhdd 1 | 4fe JEATEENER2R &+ conposi ti on
accordi ng toCl ahMBrdchayidkgoihENHeeaien1 thiabe ADRhedratio AN gasklidki ve
concentrate according to any one of clains 1 to 3 having a viscosity at
100[err]C of*3%ed8- t han 1000 cSt. 5. An additive concentrate according to
claim 4 having aavpoeess tagcaidihgOfekcliin af Jhessid hha HHGoCS gréater A

process ort}tlhnelgroduction of an additive concentrate having a TBN greater
than 300 as ¢tained in any of clains 1 to 5 which process conpri ses

reacti ng at1lél evatmupcess according to any one of claims 7 to 13 wherein

component (F) is a carboxylic acid of formula (III) and R' in the
formula (III) is unbranched alkyl or alkenyl.
15. A process according to claim 14 wherein in the carboxylic acid

10 of formula (III) R! is Cjg to Cy, straight chain alkyl and R? is
hydrogen.

16. A process according to either one of claims 14 or 15 wherein
the carboxylic acid of formula (III) is stearic acid.
17. A process according to any one of claims 7 to 13 wherein

15 component (F) is a mixture of acids of formula (III).

18. A process according to any one of claims 7 to 17 wherein
component (F) is present in an amount of from 12 to 20% by weight
based on the weight of the additive concentrate.

19. A process according to any one of the claims 7 to 18 wherein

20 component (G) is either a hydrogen halide, a metal halide, an
ammonium halide, a metal alkancate, an ammonium alkancate or a mono-
di-, tri-, or tetra-alkyl ammonium formate or alkanoate.

20. A process according to any one of claims 7 to 19 wherein
component (A) is either (A) (iii) or (A) (iv) containing at least 6%

25 by weight sulphur.

21. A finished lubricating oil composition which composition
comprises a major proportion of a lubricating oil and a minor
proportion of an additive concentrate as prepared by the process as
claimed in claims 7 to 20.

30 22. A finished lubricating oil composition according to claim 21
wherein the lubricating oil is a marine lubricating oil and the
amount of the additive concentrate is sufficient to provide a TBN of
9 to 100.

23. A finished lubricating oil composition according to claim 21

35 wherein the lubricating oil is an automobile lubricating oil and the
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_ tenperature: (A) at | east one conmpound which is elther (|) a hydrocar byI.
. substituted phenol and a source-of sul phur in an anount ,ﬂﬂl‘tf mm '

provi de a “sul phuri sed hydrocarbyl phenol containing at il a”lmulﬂ
sul phur, (ii) a sul phurised hydrocarbyl phenol containi ng I’es§ thar® 4% by
wei ght sul phur and a source of sul phupgin an 22 anount sufficient to
i ncrease the sul phur content of the sul phurised hydrocarbyl phenol to at
| east 4% by weight, (iii) an alkaline earth netal sul phurised hydrocar byl
phenat e conBBRYRENGE dthe| additt ivdodoycavrirghé iSUbphEicied tbiphovaas W RRMIdssed
hydr ocar byl 4plenel containing at | east 4% by wei ght sul phur, (B) an
al kaline earth netal base added either in a single addition or in a
plurality of additions at internediate points during the reaction,

¢
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(O at | east one conpound which is eirther (i) a polyhydric alcohol having
2 to 4 cagbon atons, -(ii) a di- (CJerr]-Clerr]) glycol, (iii) a'tri-
(C[efr]-Cerr]) glycol, (iv) a mono- or poly- alkylene glycol alkyl ether
of the formula (11):- Rerr](ORerr])XOR[err] (I'1) wherein Rerr] is
a Cerr] to (Jerr] alkyl group, Rerr] is an alkylene group, Rerr] is
hydrogen or a CJerr] to CJerr] alkyl group and x is an integer from1l to 6,
(v) a derr] to (Jerr] nmonohydric al cohol, (vi) a ketone having up to 20
carbon atons, (vii) a carboxylic acid egter having up to 10 carbon atons,
or (viii) an ether having up to 20 carbons atonms, (D) ~ a lubricating oil,
(B carbon di oxi de added subsequent to the, or each, addition of
conponent (B), (F) sufficient to provide from2 to 40% by wei ght, based
on the weight of the concentrate, of at |east one conpound which is either
(i) a carboxylic acid or an acid anhydride, ester or salt thereof, the acid
having the formula (111):- [err] wherein Rlerr] is a (Jerr] to (Jerr] alkyl
or al kenyl group and Rlerr] is either hydrogen, a

ABSTRACT

ALKALINE EARTH METAL SULPHURISED HYDROCARBYI. PHENATE
—CONTAINING ADDITIVE CONCENTRATE, PROCESS FOR ITS PRODUCTION AND USE

THEREOF

An additive concentrate composition having a TBN greater than
300 suitable for incorporation into a finished lubricating oil
composition comprising:—~
(I') a first alkaline earth metal sulphurised hydrocarbyl phenate,
and h
{I1') a lubricating oil,
the first alkaline earth metal sulphurised hydrocarbyl phenate (I')
being obtained by overbasing a second alkaline earth metal
sulphurised hydrocarbyl phenate containing at least 4% by weight
sulphur, or its precursors, in the presence of the lubricating oil
(I1'), the amount of the lubricaﬁing oil (II') being such that the
ratio of the weight of the additive concentrate to the weight of the
second alkaline earth metal sulphurised hydrocarbyl phenate, or its

precursors, is at least 3.0.
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Cerr] to C[e a CHerr]COOH group, or (ii) a

pol y- car boxyl ’",Hrﬂmmuﬁumﬁlﬂg from 36 to 100- wc;::au:vlz.u;m atops.ar..ap.acid.
anhydride, ester or !salt shereof (1(3) A LETRIENT 54 AW it :
rati os of co g S I_‘f(‘ ‘gﬁ) bel ng such asz —bmemcve ‘gagancent pagel ... !
havi ng a TBA{Sr'@a and a ratio of tt 6 Dot ofiaetatiienta@}dlg,ta;%e» ;
concentrate to_th of tlhe al kal 2he earit K ietalnaeil: phesd see o ‘
hydr ocar byl phenate [(A) (it1)], or its precu‘rsiﬁ)rs oA )s(;c(A) hg.,ﬁ;or g
(A) (iv)] of at least 3.0. 7. A process according to clgal m 6 wherel n thf
al kal i ne emiin: metal of the al kaline earth metal,, PASS: 115 ,Etbh f@ cium
magnesi um or barium 8. A process accordi ng~-{&e~+~a|u Merel T‘{ thes
al kaline earth netal is calcium

1. An additive concentrate cbmposition having a TBN greater than 300 suitable for
incorporation into a finished lubricating oil composition according to claim 1 comprising:-
(') a first alkaline earth metal sulphurised hydrocarbyl phenate, and

(II') a lubricating oil,

the first alkaline earth metal sulphurised hydrocarbyl phenate (I') being obtained by
overbasing a second alkaline earth metal sulphurised hydrocarbyl phenate containing at
least 4% by weight sulphur, or its precursors, in the presence of the lubricating oil (I'),
wherein the ratio of the weight of the additive concentrate to the weight of the second

alkaline earth metal sulphurised hydrocarbyl phenate, or its precursors, is at least 3.0.

2. An additive concentrate composition according to claim 1 having a TBN greater
than 370.

3. An additive concentrate composition according to claim 2 having a TBN greater
than 400.

4. An additive concentrate according to any one of claims 1 to 3 having a viscosity
at 100°C of less than 1000 cSt. _

5. An additive concentrate according to claim 4 having a viscosity at 100°C of less
than 500 cSt.

6. A process for the production of an additive concentrate having a TBN greater than

300 as claimed in any of claims 1 to 5 which process comprises reacting at elevated

temperature:

(A)  at least one compound which is either (i) a hydrocarbyl substituted phenol and a
source of sulphur in an amount sufficient to provide a sulphurised hydrocarbyl
phenol containing at least 4% by weight sulphur, (ii) a sulphurised hydrocarbyl

phenol containing less than 4% by weight sulphur and a source of sulphur in an
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: A--process according to any one of claims 6 to 8 wherein the alkaline
earth met ded I n an anmount relative to conponent (A)
sufficie i“ﬂiﬂm ‘@mg ncentrate having a TBN in excess of 370. 10. A
process o any+=one of clainms 6 to 9 wherein the lubricating oil
(D) is added in an ampunt such that the ratio of the weight of the additive

concentrate to the weight of the al kal BAe earth metal sul phurised .
hydr ocar byl phenate [(A) (iii)], or its precursors [(A) (i), (A (ii) or

(A (iv)] is greater than 5. 11. A process according to claim 10 wherein
the ratio i s gapeirsufficient 18 inckéase thesulpRaEohteAt 6P Y HlpHiRised AyBrotdbyher ei n
the ratio is greater than 15. 13. A process according to any one o

clains 6 to 12Phgnel é¢ natclsagoAtnty( W)elghs (i) sanb alkgline: eath dmefel fswlphmirized | 1 1)

b h
o ocess. accor dHATRPEMA SRS SRR Hin e 128 O YARE SRRoior 6P a
(I1) Rerr] snﬁp}ﬁh@éd hydr@ca%ﬁfﬂhknoitdbﬁtaﬁﬁﬁ%ﬁ@ﬁhﬂ 49} B¥ '\Y% sﬁ[@hﬂr 'S

hydrogen. 15. A process according to either one of
wherein t® castbatkglineceazthi metek baseraddecheither li) aisingle eddition aciiml a plurahty of

additions at intermediate points during the reaction,

(©)  at least one compound which is either (i) a polyhydric alcohol having 2 to 4
carbon atoms, (ii) a di- (C,-C,) glycol, (iii) a tri- (C,-C,) glycol, (iv) a mono- or
poly- alkylene glycol alkyl ether of the formula (II):-

R3(OR4)XORS5 I

wherein R® is a C, to C; alkyl group, R* is an alkylene group, R® is hydrogen or a
C, to Cg alkyl group and x is an integer from 1 to 6, (v) a C, to C,, monchydric
alcohol, (vi) a ketone having up to 20 carbon atoms, (vii) a carboxylic acid ester
having up to 10 carbon atoms, or (viii) an ether having up to 20 carbons atoms,

(D)  a lubricating oil,

(E)  carbon dioxide added subsequent to the, or each, addition of component (B),

()  sufficient to provide from 2 to 40% by weight, based on the weight of the
concentrate, of at least one compound which is either (i) a carboxylic acid or an
acid anhydride, ester or salt thereof, the acid having the formula (III):-

R' - CH - COOH dm

R2
wherein R' is a Cy, to C,, alkyl or alkenyl group and R? is either hydrogen, a
C, to C, alkyl group or a CH,COOH group, or (ii) a poly-carboxylic acid
containing from 36 to 100 carbon atoms or an acid anhydride, ester or salt

thereof, and
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16. rocess accordlng to any one of clains 6 to 12 wherei n conponent
(F) is mm[mmﬂu ds of forrmula (111). 24 17. A process according
to any ﬂmto 16 wherein conponent (F) is present in an anmount
of from12°td 28% By twei ght based on the weight of the additive
concentrate. 18. A process according to any one of the claims 6 to 17
wherein conponent (G is either a hydr dfen hal i de, a netal halide, an
ammoni um hal i de, a netal al kanoate, an ammpni um al kanoate or a nono-di -
tri-, or tetra-al kyl anmmonium formate or al kanoate. 19. A process

accor di ng(Gp aayamgtof clains 6 to 18 wherein conponent (A) is either (A
(ii1) or (iv) containing at |east 6% by weight sul phur. 20.

fini shed f&@) vightiTaties of soneranerisi(A) bn(GiHhedne BishEs & Prodiced Acestsale ebawagor

Pr 0POT £ i 0f 13N Bro D00/ a6 0F 1 WG of thORRi P Sbridbnifile AHlE bhoghe
of the alkaline earth metal sulphurised hydrocarbyl phenate [(A) (iii)], or its precursors [(A)
(1), (A) (ii) or (A) (iv)] of at least 3.0.
7. A process according to claim 6 wherein the alkaline earth metal of the alkaline
earth metal base is either calcium, magnesium or barium.
8. A process according to claim 7 wherein the alkaline earth metal is calcium.
9. A process according to any one of claims 6 to 8 wherein the alkaline earth metal
base (B) is added in an amount relative to component (A) sufficient to produce a
concentrate having a TBN in excess of 370.
10. A process according to any one of claims 6 to 9 wherein the lubricating oil (D) is
added in an amount such that the ratio of the weight of the additive concentrate to the
weight of the alkaline earth metal sulphurised hydrocarbyl phenate [(A) (iii)], or its
precursors [(A) (i), (A) (i) or (A) (iv)] is greater than 5.
11. A process according to claim 10 wherein the ratio is greater than 10.
12. A process according to claim 11 wherein the ratio is greater than 15.
13. A process according to any one of claims 6 to 12 wherein component (F) is a
carboxylic acid of formula (IIT) and R' in the formula (I1I) is unbranched alkyl or alkenyl.
14. A process according to claim 13 wherein in the carboxylic acid of formula (IIT) R’
is C;3 to C,, straight chain alkyl and R? is hydrogen.
15. A process according to either one of claims 13 or 14 wherein the carboxylic acid
of formula (III) is stearic acid.
16. A process according to any one of claims 6 to 12 wherein component (F) is a

mixture of acids of formula (III).

This is the replacement sheet

0 3, 20

Date:



oil is a Ieattng oil and the anmount of the additive concentrate
is sufficient to provide a TBN of 9 to 100. 22. A finished lubricating
oi |l conposition according to claim 20 wherein the lubricating oil is an
autorobil e lubricating oil and the amo@4t of the additive concentrate is
sufficient to provide a TBN of 4 to 20.

“prepared by th clained in clains 6 to 19. 21. A finished
| ubri cat |\@“¥j@“&mm“gn according to claim 20 wherein the |ubricating
I
x L

17. A process according to any one of claims 6 to 16 wherein component (F) is present
in an amount of from 12 to 20% by weight based on the weight of the additive concentrate.
18. A process according to any one of the claims 6 to 17 wherein component (G) is
either a hydrogen halide, a metal halide, an ammonium halide, a metal alkanoate, an
ammonium alkanoate or a mono-di-, tri-, or tetra-alkyl ammonium formate or alkanoate.
19. A process according to any one of claims 6 to 18 wherein component (A) is either
(A) (iii) or (A) (iv) containing at least 6% by weight sulphur.

20. A finished lubricating oil composition which composition comprises a major
proportion of a lubricating oil and a minor proportion of an additive concentrate as
prepared by the process as claimed in claims 6 to 19.

21. A finished lubricating oil composition according to claim 20 wherein the lubricating
oil is a marine lubricating oil and the amount of the additive concentrate is sufficient to
provide a TBN of 9 to 100.

22. A finished lubricating oil composition according to claim 20 wherein the lubricating
oil is an automobile lubricating oil and the amount of the additive concentrate is sufficient
to provide a TBN of 4 to 20.
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Claims:

1. An additive concentrate composition having a TBN greater than 300 suitable for
incorporation into a finished lubricating oil composition comprising:-

(I a first alkaline earth metal sulphurised hydrocarbyl phenate, and

(IT") a lubricating oil, '

the first alkaline earth metal sulphurised hydrocarbyl phenate (I') being obtained by
overbasing a second alkaline earth metal sulphurised hydrocarbyl phenate containing at
least 4% by weight sulphur, or its precursors, in the presence of the lubricating oil (II'),
wherein the ratio of the weight of the additive concentrate to the weight of the second

alkaline earth metal sulphurised hydrocarbyl phenate, or its precursors, is at least 3.0.

2. An additive concentrate composition according to claim I having a TBN greater
than 370. .

3. An additive concentrate composition according to claim 2 having a TBN greater
than 400. .

4, An additive concentrate according to any one of claims 1 to 3 having a viscosity
at 100°C of less than 1000 cSt.

5. An additive concentrate according to claim 4 having a viscosity at 100°C of less
than 500 cSt.

6. A process for the production of an additive concentrate having a TBN greater than

300 as claimed in any of claims 1 to 5 which process comprises reacting at elevated

temperature: _

(A) at least one compound which is either (i) a hydrocarbyl substituted phenol and a
source of sulphur in an amount sufficient to provide a sulphurised hydrocarbyl
phenol containing at least 4% by weight sulphur, (ii) a sulphurised hydrocarbyl -

phenol containing less than 4% by weight sulphur and a source of sulphur in an



