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Over based netal -containing detergents This invention relates to
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(TBN)- overbased detergents, in order to reduce the treat rate while
mai ntaining 20 effectiveness. (In this specification, the TBN of an
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Lubricant formulators are, as a result of the requirements placed on them
by engine manufacturers and users, in turn seeking higher total base number
(TBN) overbased detergents, in order to reduce the treat rate while maintaining

20 effectiveness. (In this specification, the TBN of ari overbased detergent is the
TBN, in mg KOH/g, as measured by ASTM D2896.) There is also a need for
products which, while being highly effective as additives, can be more cost-
effective than existing products, and which are relatively easy to prepare and to
handle.

Overbased metal-containing detergents suitable for use as lubricant
additives are typically prepared as concentrates in oil. In such concentrates, a
basic metal-containing material is maintained in dispersion or solution in the oil by
a surfactant system comprising, for example, phenate, salicylate, sulphonate or
30 naphthenate anions.

Overbased detergents initially contained a single type of anion, for example
a member or members of the phenate group, or of the sulphonate group, but for
many years compositions have been available that contain anions of two or more
35 such groups, obtained either by adding two or more overbased detergents having
different types of anion or by the manufacture of a hybrid material in which two or
more anions of different groups are incorporated during the overbésing process.



a surfactant system conprising, for exanple, phenate, salicylate,
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represents hydrogen, an alkyl group with 1 to 4 carbon atoms, or a CH2COOH
group, or an acid anhydride, acid chloride or ester thereof, and (b) a di- or
15 polycarbbxylic acid containing from 36 to 100 carbon atoms or an acid anhydride,
acid chloride or ester thereof, at least one of the surfactants being a sulphurized
or non-sulphurized phenol or a derivative thereof and the other, or at least one
other, of the surfactants being a surfactant other than a phenol surfactant, the
proportion, measured as described herein, of the said phenol in the surfactant
20 system being at least 35 mass %, and the overbased detergent having a
TBN : % surfactant ratio (as hereinafter defined) of at least 15.

Independently of the TBN : % surfactant ratio, the said proportion of phenol

in the surfactant system is advantageously at least 45 mass %, preferably at least
26 55 mass %, especially at least 70 mass %. Independently of the proportion of

phenol, the TBN : % surfactant ratio is advantageously at least 16, preferably at

least 18, more preferably at least 20, particularly at least 21. Preferably, the

phenol proportion and the TBN : % surfactant ratio are both as given.

Advantageously, the said proportion and the said ratio are at least 40 mass % and
30 at least 18 respectively, preferably at least 45 mass % and at least 20.

The invention also provides a calcium overbased detergent comprising a
surfactant system derivable, and preferably derived, from at least two surfactants
other than (a) an acid of the formula R2_CH(RP)-COOH, wherein R? represents an

a5 alkyl or alkenyl group containing 10 to 24 carbon atoms and RP represents
hydrogen, an alkyl group with 1 to 4 carbon atoms, or a CH»COOH group, or an
acid anhydride, acid chloride or ester thereof, and (b) a di- or polycarboxylic acid
containing from 36 to 100 carbon atoms or an acid anhydride, acid chloride or



acid chloride or ester thereof, at |east one of the surfactants being a
sul phuri zed or non-sul phurized phenol or a derivative thereof and the
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carbon atoms orzgmaasiof. iwdepdhisftly lahe propottionief sdlicylic A AREAEN 4%
PCT/EP97/ 02697 2 3¢ ctant ratio is advantageously at least 12, more advantageously at least 13,
preferably at least 14, more preferably at least 16, especially at least 19, more
15  especially at least 21. Preferably both the salicylic acid proportion and the said
ratio are as given. Advantageously, the said proportion and the said ratio are 25

mass % and 12 respectively, preferably 30 mass % and 13.

By a “calcium overbased detergent" is meant an overbased detergent in
20 which the metal cations of the basic metal-containing material are essentially
calcium cations. Small amounts of other cations may be present in the basic
metat-cbntaining material, but typically at least 80 mole %, more typically at least
90 mole %, for example at least 95 mole %, of the cations in the basic metal-
containing material, are calcium ions. Cations other than calcium may be derived,
25 for example, from the use in the manufacture of the overbased detergent of a
surfactant salit in which the cation is a metal other than calcium.

The percentage of surfactant in the overbased detergent, and the
percentages of the individual surfactants, for example, phenol, in the surfactant
30 system, are the percentages measured by the method set out below, which also
indicates how the "standardized TBN" of an overbased detergent is determined.

A known amount (A g, approximately 20 g) of the liquid overbased
detergent (substantially free from other lubricating oil additives) is dialysed through
a membrane in a Soxhlet extractor (150 mm height x 75 mm internal diameter)



ester thereof, at |east one of the surfactants being a sul phurized or non-
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sal i cyl i c swofea@éeant , the proportion, neasured as descri beBCHEPE/0R697of t he
said salicylic acid in the 5 surfactant.gsystembeing at |east 10 mass %
and the overbased detergent having a TBN. % surfactant ratio (as

herei nafter defined) of at |east 11. Independently of the TBN. % surfactant

ratio, the ' orti. Li gyl ] Cj g_i emis
advant ageouz'?ir/'ga{{2 F‘?’E%Let ésgﬁorﬁég é?%rg%oé _fc‘sptr%eé g?‘&g ngp g?ﬁ%ggﬁ%%ys@s@é % nore
preferably semirase showdhe enewhichretains syb@antna!'i@l the matalcontaipinge

es geci aldl . lnﬁtedia@ﬂ ;ffsséﬁ%&b%nﬂ?ryt albthbaehigirtier b Bl saliplsR$h kample of
ndependen | C . s t ant
ratio is ad%ﬁ@%ﬂ%ﬁﬁgﬁ\;’%é fséﬁw%gﬁ%@é“&ﬁa&&@&&%ﬁ&y@‘{erf/‘ggﬁ&%
pref er abby &ivisienof Carter Wallacpiae.cNew York: NYctQ051mdes thectradg ngmgt | east
19, nmore 15 Tngsﬁs.cvﬁé Idtalpdate andiresidue BbRIEREN Yompldiioh o tifendiafysls step aiel
proportion an thge gcg_yratlo are as .ol ven, Advan eogusly, the aald
proportion ZNAPYH i Pﬁ?ﬁ’@"ﬁr’ﬁ"‘fg’"?&ggatﬂ?dﬂﬁteﬁﬁﬂggg’gﬂﬁ rea1yed P & er abl y
30 mass % avecudn aBend 100 st leas tan blorear less dhareahouti1S0RainiThermaseebased
detergent i ine8riedPdeidud, i gfdths!lis 88kibRARIE, frhspa?c%nfag@(cplof@oeﬁb@seung

mat eri al ara??ssentla |y calciumcatiqgns. Small anmounts of other cations
may be pPesdstergpntng %é&! RdiAyid samp i"‘ﬁg'ﬂﬁnrl?é(ttg? eayatiqfy; typically at

|l east 80 nole % nore typically at least 90 nole % for exanple at |east 95
mole % of the cagtior® iP%é%Qe basic netal - containing material, are calcium
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use in the manufacture of the overbased detergent of a surfactant salt in
which the cation is a netal other than calcium The Eercenta e of

surfactant iWhet'stansiaediped SBNof theyevarbaserdidetecaqns (hahisatesTBN expeessed in
i ndi vi dugl dimbacéawhieh i$ Ridepsadentaf tikhamolunt bindiluéat)ds! e TBN Mheasured

according to ASTM D2896 on the dried residue.

Background information for the dialysis technique is given by Amos, R. and
Albaugh, E.W. in "Chromatography in Petroleum Analysis”, Aligelt, K.H. and
20 Gouw, T.H., Eds, pages 417 to 422, Marcel Dekker, inc., New York and Basel,
1979.

2, Determinati { TBN : % total surfactant rati
25
A known amount (D g, approximately 10 g) of the dried residue is

hydrolyzed as specified in sections 8.1 to 8.1.2 of ASTM D3712, except that at
least 200 ml of 25 % by volume hydrochloric acid (sp. gr. 1.18) is used in section
8.1.1. The amount of hydrochloric acid used should be sufficient to effect

30 acidification/hydrolysis of the overbased detergent residue into organic materials
(surfactants) and inorganic materials (calcium-containing materials, for example,
calcium chloride). The combined ether extracts are dried by passing them through
anhydrous sodium sulphate. The sodium sulphate is rinsed with clean ether, and
the combined ether solutions are evaporated to dryness (at approximately 110°C)

35 toyield a hydrolyzed residue. The mass of the dried hydrolyzed residue, in
grams, is designated E.



30 system are the percentages neasured by the nethod set out bel ow, which
al so indicates how the "standardi zed TBN' of an overbased detergent is
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all the netal - detargemtnsnglmmwthalequat!p'passes substantlal ly all the

remai nder of the sanple. An exanple of a suitable nmenbrane is a gum rubber
menbrane supplied by Cagters Products, 5 Division of Carter Wallace Inc.,
New Yor k, NY 10105 Nnaeﬁ Xke trade nane Trojans. The dial ysate and residue
obt ai ned on conpl eti on the dialysis step are evaporated to dryness, any
remai ning vélatile material then being renmoved in a vacuum oven (100[err]C

at less than 1 dndrthe TBN £%otdh8arfadiant ratispX As)givefiisy thessquationhe dri ed
residue, in grams, is designated B. The percentage (C) of overbased 10

detergent material int g é?‘)( the equation: [err] The
"standardi zed TBN' of =t Rhiik, Hased-get eFgen is, the TBN expressed

in 15 a manner which is mdependent \6f t he amount of d| | uent) is the TBN
measured according to ASTM D2896 on the dried residue.

10 it will be noted that, in determining X, the mass of the surfactants in their
free form (that is, not in the form of a salt or other derivative) is used. For brevity,
X will in general be referred to herein as the "TBN : % surfactant ratio”, anditis
the value of X that is specified under this term in the claims and elsewhere in this

specification.
15
3. inati indivi nts (i ir fo
system
20 " The techniques described below isolate the individual surfactants, in

hydrolyzed form, from the hydrolyzed surfactant mixture derived from the
overbased detergent. As indicated below, the proportion of each individual
surfactant is the proportion by mass of the individual surfactant, in hydrolyzed
form, in the hydrolyzed surfactant mixture. Thus, where, for example, the

25 overbased detergent contains a calcium phenate/ sulphonate/salicylate surfactant
system, the proportions of the individual surfactants in the surfactant system are
expressed as the proportions of phenol, sulphonic acid and salicylic acid
respectively.

30 The proportions of individual surfactants may be determined by the
foltowing method.

A known amount (F g, approximately 1 g) of the dried hydrolyzed residue
obtained as described above is placed at the top of a 450 x 256 mm (internal
as  diameter) fritted glass column filled with 60-100 US mesh Florisil. Florisil is
magnesium silicate with a CAS number of 8014-97-9. The column is eluted with a
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Basel , 1979WO#7/46648ct er mi nati on of TBN : % total surfact anfPCRERPH2Y A
known anount (D g, approximately 10 g) ak.the dried residue is hydrolyzed
as specified in sections 8.1 to 8.1.2 of ASTM D3712, except that at |east
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PCT/ EP97/ 02697 The percentage, Y, of total surfactants in the original
| i qui d over basedAualysisd the fractipnsdor bfthethydeajyzed residue) can bezadiadeutTBN: %

total surfag} gt ekathpfe, chromatogiapRit, BpedtficBPicahhdBr titration (colour indicator

10  or potentiometric) techniques known to those skilled in the art. Where the
overbased detergent contains a sulphonate surfactant and a salicylate surfactant,
the sulphonic acid and salicylic acid obtained by hydrolysis of these surfactants
will usually be eluted from the column together. In this case, and in any other
case where it is necessary to determine the proportion of sulphonic acid in a

15  mixture containing it, the proportion of sulphonic acid in the mixture can be
determined by the method described by Epton in Trans.Far.Soc. April 1948, 226.

in the above method, the mass (in grams, designated H1) of a given
surfactant, in hydrolyzed form, is determined from the fraction(s) containing it, and
20 thus the proportion of that surfactant in the surfactant system of the original
overbased detergent is '

1
tlF— x 100%

25 The percentages (by mass) of the individual surfactants (in their free form,
that is, not in the form of a salt or other derivative) based on the surfactant system
can be predicted from the proportions of the surfactants used as starting
materials, provided that the percentage of "reactive ingredient” is known for each
of the surfactant starting materials. (The term "reactive ingredient” is defined in

30 Note 1 to Tables 1 and 2 in the Examples in this specification.) The percentage of
the total surfactants (in their free form) in the liquid overbased product can then be
predicted, and the TBN : % surfactant ratio can be determined. Further, the
standardized TBN can be predicted, provided that the proportion of the overbased
detergent material in the liquid overbased product (that is, the proportion of the

35 liquid overbased product that is not oil or non-reactive surfactant material) is
known.



TBN of the liquid overbased detergent 10 It wll be noted that, in
determning X, the nmass of the surfactants in their free form (that is, not

in the formof a salt or other derivative) is used. For brevitwy in
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the value of X that is specified under thisytermin the clains and
el sewhere in this specification. 15 3. Det erm nation of i ndividual
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hydrol yzed form fr e surtact ant xture derived fromthe
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hereinafter defined) a mixture comprising (a), (b) and (c), wherein (a) is selected
from (a1) and (a2):

15 (a1) atleast two surfactants other than (a) an acid of the formula R2-
CH(RP)-COOH, wherein R2 represents an alkyl or alkenyl group
containing 10 to 24 carbon atoms and RP represents hydrogen, an
alkyl group with 1 to 4 carbon atoms, or a CH2COOH group, or an
acid anhydride, acid chloride or ester thereof, and (b} a di- or

20 polycarboxylic acid containing from 36 to 100 carbon atoms or an
acid anhydride, acid chioride or ester thereof, at least one of the
surfactants being a sulphurized or non-sulphurized phenol or a
derivative thereof and the other, or at least one other, of the
surfactants being a surfactant other than a phenol surfactant;

(a2) at least two surfactants other than (a) an acid of the formula R®-
CH(Rb).-COOH. wherein R? represents an alkyl or alkenyl group
containing 10 to 24 carbon atoms and RD represents hydrogen, an
alky! group with 1 to 4 carbon atoms, or a CH2COOH group, or an

30 acid anhydride, acid chloride or ester thereof, and (b) a di- or
polycarboxylic acid containing from 36 to 100 carbon atoms or an
acid anhydride, acid chioride or ester thereof, at least one of the
surfactants being a sulphurized or non-sulphurized salicylic acid or a
derivative thereof and the other, or at least one other of the

3 surfactants being a surfactant other than a salicylic surfactant;

(b) atleast one basic calcium compound; and
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250 M portion of each of seven solvents of increasing polarity, nanely,
hept ane, cycl ohexane, toluene, ethyl ether, acetone, nethanol, and, |astly,
a mixture oW@HseHdune % chl orof orm 44 vol ume % i sopr opan@CTERAH0289%, 0| une
% amoni a solution (sp. gr. 0.88). Each fgaction is collected, evaporated
to dryness, and the 5 resulting residue is weighed and then analyzed to
determ ne the amount (Herr], derr], G3 g) and nature of the surfactant(s)
contained in the fractjon. Analysis of the fractions (or of the hydrolyzed
resi due) can be égkrl 5 out by, for exanple, chromatographic,
spectroscopic, and/or titration (colour indicator 10 or potentiometric)
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surfactants Qyﬂ;ga@g tg;gqn,t,g at Ieast 10 mass %, and the overbased detergen thas a

TBN: % surfactant ratio (as hereinbefore defined) of at least 11.

15

it will be appreciated that the mixture to be overbased contains free basic

calcium compound(s), that is, basic caicium compound(s) which is/are available to
react with the overbasing agent. By an "overbasing agent” is meant an agent or
compound capable of reacting with the basic calcium compound(s) (b) to form a

20 basic calcium-containing material which can be maintained in dispersion or
solution in the oit by the surfactant system. Where there is more than one
overbasing step, different overbasing agents may, if desired, be used for the
different steps. In any individual overbasing step, a mixture of different overbasing
agents may, if desired, be used.

25

Examples of suitable overbasing agents are carbon dioxide, a source-of

boron, for example, boric acid, sulphur dioxide, hydrogen sulphide, and ammonia.
Preferred overbasing agents are carbon dioxide or boric acid, or a mixture of the
two. The most preferred overbasing agent is carbon dioxide and, for convenience,

30 the treatment with overbasing agent will in general be referred to as "carbonation”.
Uniess the context clearly requires otherwise, it will be understood that references
herein to carbonation include references to treatment with other overbasing
agents.

35 Advantageously, on completion of the carbonation step(s), part of the basic
calcium compound(s) (b) remains uncarbonated. Advantageously, up to 15 mass
% of the basic calcium compound(s) remains uncarbonated, especially up to 11
mass %.



materials, provided that the percentage of "reactive ingredient” is known
for each of the surfactant starting materials. (The term"reactive

in_gredi enf["_is gjefined in 30 Note 1 to Tables 1 and 2 in the ExaFﬁl ,,in
thi s specifi camonTdseddhe percentage of the total surfactants F é‘ﬁ?’free

form in the liquid overbased product can thgn be predicted, and the TBN: %
surfactant ratio can be determ ned. Further, the standardized TBN can be
predi cted, provided that the proportion of the overbased detergent nmaterial
in the liquid overbased product (that is, the proportion of the 35 |iquid
over based product that is not oil or non-reactive surfactant nmaterial) is
known. WO 97/ 4664 indicated above, carbonation is effected at less than 100°C. Typically
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Carbonation may be effected at atmospheric, super-atmospheric or sub-
atmospheric pressures. Preferably, carbonation is carried out at atmospheric
pressure.

15

Advantageously, the first carbonation step (and preferably also the second
or each subsequent carbonation step, if used) is followed by a "heat-soaking" step
in which the mixture is maintained, without addition of any further chemical
reagents, in a selected temperature range (or at a selected temperature), which is

20 normally higher than the temperature at which carbonation is effected, for a period
before ény further processing steps are carried out. The mixture is normally
stirred during heat-soaking. Typically, heat-soaking may be carried out for a
period of at least 30 minutes, advantageously at least 45 minutes, preferably at
least 60 minutes, especially at least 90 minutes. Temperatures at which heat-

25 soaking may be carried out are typically in the range of from 15°C to just below
the reflux temperature of the reaction mixture, preferably 25°C to 60°C: the -
temperature should be such that substantially no materials (for example, solvents)
are removed from the system during the heat-soaking step. We have found that
heat-soaking has the effect of assisting product stabilization, dissolution of solids,

30 and filtrability. '

Preferably, following the first carbonation step (and the heat-soaking step, if
used), a further quantity of basic calcium compound (component (b)) is added to
the mixture and the mixture is again carbonated, the second carbonation step

a5  advantageously being followed by a heat-soaking step.

Products of reduced viscosity may be obtained by employing one or more
further additions of basic calcium compound and subsequent carbonation, each



CH( Rb) - COOH, wherein Ra represents an al kyl or al kenyl group containing 10
to 24 carbon atons and Rb represents hydrogen, an alkyl group with 1 to 4
carbon atons, or a CH2COCH group, or an acid anhydride, acid chloride or
ester thereowpomsedad b) a di- or 20 pol ycar bRSEERIZ02Z637 d
containing from36 to 100 carbon atoms or,an acid anhydride, acid chloride
or ester thereof, at |east one of the sur%act ant s bei ng a sul phurized or
non- sul phuri zed phenol or a derivative thereof and the other, or at |east
one other, of the surfactants being a surfactant other than a phenal

surf act ant ; ngeaat)omstepédyantaaeog y bgingfrllawed hya haaksoaking &FPPacT'Hsdﬁ t he
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surfactant other than a salicylic surfactant; (b) at |east one basic

cal ci um conpound d VO .
PCT/ EP97/ 05297 gBasr,}c calcium cgrap%g%é for use in manufacture of the overbased

10 detergents include calcium oxide, hydroxide, alkoxides, and carboxylates.
Calcium oxide and, more especially, hydroxide are preferably used. A mixture of
basic compounds may be used, if desired.

The mixture to be overbased by the overbasing agents should normally
15 ‘contain water, and may also contain one or more solvents, promoters or other
substances commonly used in overbasing processes.

Examples of suitable solvents are aromatic solvents, for example, benzene,

alkyl-substituted benzenes, for example, toluene or xylene, halogen-substituted

20 benzenes, and lower alcohols (with up to 8 carbon atoms), preferably aliphatic

' lower alcohols. Preferred solvents are toluene and/or methanol. The amount of
toluene used is advantageously such that the percentage by mass of toluene,
based on the calcium overbased detergent (excluding oil) is at least 1.5,
preferably at least 15, more preferably at least 45, especially at least 60, more

25 especially at least 90. For practical/leconomic reasons, the said percentage of
toluene is typically at most 1200, advantageously at most 600, preferably at most
500, especially at most 150. The amount of methanol used is advantageously
such that the percentage by mass of methanol, based on the calcium detergent
(excluding oil) is at least 1.5, preferably at least 15, more preferably at least 30,

30 especially at least 45, more especially at least 50. For practical/economic
reasons, the said percentage of methanol (as solvent) is typically at most 800,
advantageously at most 400, preferably at most 200, especially at most 100. The
above percentages apply whether the toluene and methanol are used together or
separately.

35

Preferred promoters for use in accordance with the invention are methanol

and water. The amount of methanol used is advantageously such that the
percentage by mass of methanol, based on the initial charge of basic calcium



(_C) Ioi |, treatment with the overbasing agent being carried out in at |east
one step, preferably at |least two steps, at |less than 100[err] C such that:

5 when the starting materials include (al), the proportion,
descri bed her eW® 9746644 he sai d phenol in the surfactant syStegF%f'E@;ehaﬁ

over based detergent is at |least 35 mass %-.qand the overbased detergent has
a TBN: % surfactant ratio (as hereinbefore defined) of at |east 15; and 10
when the starting materials include (a2), the proportion, mnmeasured as

q . : : . . o ]
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sul phi de, and prefersibly at least 1, more preferably at least 3, especially at least 6, more
especially at least 12, particularly at least 20. For practical/economic reasons, the
said percentage of water is typically at most 320, advantageously at most 160,
preferably at most 80, especially at most 40. If reactants used are not anhydrous,
15 the proportion of water in the reaction mixture should take account of any water in
the components and also water formed by neutralization of the surfactants. In -
particular, allowance must be made for any water present in the surfactants
themselves. Advantageously, the reaction medium comprises methanol, water (at
least part of which may be generated during salt formation), and toluene.
20
If desired, low molecular weight carboxylic acids (with 1 to about 7 carbon
atoms), for example, formic acid, inorganic halides, or ammonium compounds
may be used to facilitate carbonation, to improve filtrability, or as viscosity agents
for overbased detergents. The overbased detergents in accordance with the
25 invention can, however, be prepared by a process which does not require the use
of an inorganic halide or ammonium salt catalyst, for example, ammonium salts of
lower carboxylic acids or of alcohols, and are preferably free from groups derived
from such a halide or ammonium catalyst. (Where an inorganic halide or
ammonium salt is used in an overbasing process the catalyst will normally be
a0 present in the final overbased detergent.) Further, the overbased detergents in
accordance with the invention can be prepared by a process which does not
require the use of reagents such as dihydric alcohols (for example, ethylene
glycol) which are used when operating at higher temperatures; the overbased
detergents of the invention are preferably free from such dihydric alcohols or
35 residues thereof.

The invention also provides overbased detergents prepared by the method
of the invention, concentrates comprising overbased detergents according to, or



Preferred overbasing agents are carbon dioxide or boric acid, or a mxture
of the two. The nost preferred overbasi ng agent is carbon di oxide and, for
convenience, 30 the treatnment with overbasing agent will in general be
referred to ¥Q%#6#bonati on". Unl ess the context clearly re'fﬂ%’é’m‘”
otherw se, it will be understood that references herein to carbonation

I ncl ude references to treatnent with other overbasing agents. 35 '
Advant ageously, on conpletion of the carbonation step(s), part of the basic
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11 nmass % lubsjgating qils sespecially lubricating oils for marine use, comprising an overbased

PCT/ EP97/ 02 fetergent Accorditigto] Gicbrepare, acoarding &, ithe inventidi.ect ed at | ess than
100[err]C. Typically carbonation is effected at at |east 15[err]C,
preferably at |east 25[err]C Advantageously, carbonation is carried out at
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al though different ten O nmay be used, if desired, provided that
each steff i saicgfq?m%kgt%w)iﬁgéét han 1 00[err]C. Carbonation may be

effected at atnospheric, super-atnospheric or sub- atnospheric pressures.
Preferably, carbofgdmhased defergénts ActordingtodheRRRARSA Gdvantageously have a
TBN of at least 300, more advantageously at ieast 330, preferably at least 350,
more preferably at least 400, especially at least 450. As indicated later in this
15  specification, an important aspect of the present invention is the provision of high
TBN overbased detergents of acceptable viscosity and containing a relatively high
proportion of phenate and/or salicylate surfactants in the surfactant system.

The invention also makes possible the provision of overbased detergents
20 with high standardized TBNs (as defined herein). Thus, for example, the
overbased detergents may have a standardized TBN of 450 or more, especially
460 or more, advantageously at least 500, more advantageously at least 550,
preferably at least 600, more preferably at least 650.

25 The TBN : % surfactant ratio is an indication of the amount of (relatively
expensive) surfactant required to prepare an overbased detergent of a specified
TBN. With appropriate sfarting materials/reaction conditions, ratios of up t0.25 or
more, such as 30 or more, for example 35 or more, or 40 or more, may be
obtained.

Surfactants from which the surfactant system of the overbased detergents
in accordance with, or prepared according to, the invention are derivable or
derived preferably contain at least one hydrocarbyl group, for example, as a
substituent on an aromatic ring. The term "hydrocarbyl" as used herein means

35 that the group concerned is primarily composed of hydrogen and carbon atoms
but does not exclude the presence of other atoms or groups in a proportion
insufficient to detract from the substantially hydrocarbon characteristics of the
group. Advantageously, hydrocarbyl groups in surfactants for use in accordance



pressure. 15 Advantageously, .the first carbonation step (and preferably

al so the second or each subsequent carbonation step, if used) is foll owed
by a "heat-soaking" step in which the m xture is naintained, wthout
addition of awobwesder chenical reagents, in a selected tenfér4Edr ¥ ange
(or at a selected tenperature), which is 2Gs-nornally higher than the
tenperature at which carbonation is effected, for a period before any
further processing steps are carried out. The m xture is normally stirred
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Tenper at ur es agarhbh afbrisithe 2brfasils Stbulibe Bafficient teeitnpant therdesipdiodal |y in
t he range of fr':glr’rtl)i 5[err]Cto just below the reflux tenperature of the

reaction m xt uf eferably 25[err]C to 60[err]C the tenperature should
be such thaa substantially no materials (for exanple, solvents) are renoved
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obt ai ned by enjpidividuz) sorfectantsirand elsewhece indtiisi specification, ta sudactantsiin their
conpound and sKRSERGHENLAkEH) RORR iicRite fnces to appropriate derivatives of those
surfactants. Examples of suitable derivatives of certain of the preferred
surfactants are: ammonium salts, metal salts or esters of phenols; ammonium
15  salts, metal salts, esters, anhydrides, acid chiorides or amides of salicylic acids;
ammonium salts, metal salts, esters, anhydrides, acid chlorides or amides of
carboxylic acids; and ammonium salts, metal salts, esters or anhydrides of

sulphonic acids.

20 Phenols used in accordance with the invention may be non-sulphurized or,
preferably, sulphurized. ‘Further, the term “phenol" as used herein includes
phenols containing more than one hydroxyl group (for example, alkyl catechols) or
fused aromatic rings (for example, alkyl naphthols) and phenols which have been
modified by chemical reaction, for example, alkylene-bridged phenois and

25 Mannich base-condensed phenols; and saligenin-type phenols (produced by the
reaction of a phenol and an aldehyde under basic conditions).

Preferred phenols from which overbased detergents in accordance with the
invention may be derived are of the formula

30
OH

where R represents a hydrocarbyl group and y represents 1 to 4. Wherey is
greater than 1, the hydrocarbyl groups may be the same or different.
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carbonation step advant ageously being foll owed by a heat-soaking step. This
is one inportant aspect of the present invention. Further, we have found
t hat productwo@tdessgher TBN, and hi gher TBN: % surfactant rESELEPITAHRSPH
conveni ent viscosities, nmay be obtained y.the use of the steps nentioned
in this paragraph. 5 |In each case, conparison is made with the product
resulting fromtreatnent in fewer steps with the same quantity of the basic
cal ci um conpound .and of ..t he. overbasi ng, agent .. Basj Ci for
use in manuf act ur® I@?ncpﬂgg gl evehasgd f%terﬁg&g}'@%ﬁﬁéﬁqiﬁghﬁéﬂéﬁ i u%ggﬁi de,
hydr oxi de, asulphurized fommdSulphuozgd hydrocarhyl phenalsmaydyricrily befepresgnied 5 | v,
hydr oxi de_argy fhegbrh@l! y used. A mixture of basic conpounds may be used, i
desired. The m xture to be overbased by the overbasing agents shoul d
normally 15 contain water, ﬁd may al so contain on r nore sol vents,
pronoters or other substanceg''comonly used in over I Nng processes.
Exanpl es of suitable solventp are aromatic sol vents,] for exanple, benzene,
al kyl - substituted benzenes " ene,
hal ogen-substituted 20 befhizepes, and | ower al cohals (With up to 8 carbon
atons), preferably aliphati wer al cohols. Prefer sol vents are tol uene
and/ or nethanol . The amount of #®yl uene used is advantagBgusly such that the
per cent age by mass of toluene, based on the cal cium overbased det ergent
(excluding oil) is at least 1.5, preferably at |east 15, nore preferably at
| east 45, eswbeftesx is,generalyfsametto 4olnssarte casgse vase thansiwag phenol gwleguigs
practical/ec Lt Sy, b sai d percentage of toluene is typically at
nost 1200, a vg;lgtegg{ekggsl y ’gtt)ﬁ&rf%sf 600, preferably at nost 500, especially
at nost 150. The anount of nethanol used is advantageously .

10 in the above formulae, hydrocarbyl groups represented by R are

advantageously alkyl groups, which advantageously contain 5 to 100 carbon
atoms, preferably 5 to 40 carbon atoms, especially 8 to 12 carbon atoms, the
average number of carbon atoms in all of the R groups being at least about 8 in
order to ensure adequate solubility in oil. Preferred alkyl groups are nonyl

15 (tripropylene) groups.

In the following discussion, hydrocarbyl-substituted phenols will for
convenience be referred to as alkyl phenols.

20 A sulphurizing agent for use in preparing a sulphurized phenol or phenate
may be any compound or element which introduces -{S)x- bridging groups
between the alkyl phenol monomer groups, wherein x is generally from 1 to about
4. Thus, the reaction may be conducted with elemental sulphur or a halide
thereof, for example, sulphur dichloride or, more preferably, sulphur monochloride.

25 If elemental sulphur is used, the sulphurization reaction may be effected by
treating the alkyl phenol compound at from 50 to 250°C, and preferably at least
100°C. The use of elemental sulphur will typically yield a mixture of bridging
groups -(S)x- as described above. If a sulphur halide is used, the sulphurization
reaction may be effected by treating the alky! phenol at from -10°C to 120°C,

30 preferably at least 60°C. The reaction may be conducted in the presence of a
suitable diluent. The diluent advantageously comprises a substantially inert
organic diluent, for example mineral oil or an alkane. In any event, the reaction is
conducted for a period of time sufficient to effect substantial reaction. Itis



such that the percentage by mass of nethanol, based on the cal cium
detergent (excluding oil) is at least 1.5, preferably at |east 15, nore
preferably at |east 30, 30 especially at |east 45, nore espeC| al

| east 50. For W€ | / econom c reasons, the said percent age 'E%W%m
(as solvent) is typically at nost 800, advankageously at nost 400,
preferably at nost 200, especially at nost 100. The above percentages apply
whet her the toluene and nethanol are used together or separately. 35

Preferred pro Hafe WEA eNoPmiatd i pat
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practical /econom c reasons, the said percentage of nethanol (as 5
pronoter) is typically at nost ‘3200, advantageously at npst
preferably at nost dDetpileohsuphurization pregassesare we kamumtmemll@# i the he
initial reactioggmxture (prior to treatnment with the overbasing agent) is
advant ageousl| y such that the percentage by mass of water, based on the
initial chat®e of basic cal ci um conpound(s), for exanple, calcium
hydroxi de, (that is,Regardlesisid thenmannet ip witich theysarerprepared. suiphyrized Allyli n a
second or subseaa@mls 8480 in fripdind Siktbated delRidits goheral chpAse diusmand
preferably at |east |I %t E o
unreacted aﬁk\ﬁ p?\enos an generaly odntaln 's%om 2 to 20 mass %, preferably 4
to 14 mass %, and most preferably 6 to 12 mass %, sulphur based on the mass of

15  the sulphurized alkyl phenol.

As indicated above, the term "phenol” as used herein includes phenols
which have been modified by chemical reaction with, for example, an aldehyde,
and Mannich base-condensed phenols.

20

Aldehydes with which phenols used in accordance with the invention may
be modified include, for example, formaldehyde, propionaldehyde and
butyraldehyde. The preferred aldehyde is formaldehyde. Aldehyde-modified
phenols suitable for use in accordance with the present invention are described in,

25 for example, US-A-5 259 967.

Mannich base-condensed phenols are prepared by the reaction of a
phenol, an aldehyde and an amine. Examples of suitable Mannich base-
condensed phenols are described in GB-A-2 121 432.

30
In general, the phenols may include substituents other than those
mentioned above provided that such substituents do not detract significantly from
the surfactant properties of the phenols. Examples of such substituents are
methoxy groups and halogen atoms.
35

Salicylic acids used in accordance with the invention may be non-
sulphurized or sulphurized, and may be chemically modified and/or contain
additional substituents, for example, as discussed above for phenols. Processes



especi ally at least 12, particularly at |east 20. For practical/economc
reasons, the said percentage of water is typically at nost 320,

advant ageously at nost 160, preferably at nost 80, especially at nopst 40.

| f reactant svagmesser e not anhydrous, 15 the proportion of RGHERITPIN he
reaction m xture should take account of .ggy water in the conponents and

al so water forned by neutralization of the surfactants. In particular,

al  onance nust be nmade for any water present in the surfactants thensel ves.
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or 35 residues tAdpastonempithesugactapts e whichhequerbasadsial s B ent s
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detergents agcordifid bQuiti’fhe invention are typically obtained by sulphonation of

hydrocarbyl-substituted, especially alkyl-substituted, aromatic hydrocarbons, for
example, those obtained from the fractionation of petroleum by distillation and/or
extraction, or by the alkylation of aromatic hydrocarbons. Examples include those
obtained by alkylating benzene, toluene, xylene, naphthalene, biphenyt or their

20 halogen derivatives, for example, chlorobenzene, chlorotoluene or
chloronaphthalene. Alkylation of aromatic hydrocarbons may be carried out in the
presence of a catalyst with alkylating agents having from about 3 to more than
100 carbon atoms, such as, for example, haloparaffins, olefins that may be
obtained by dehydrogenation of paraffins, and polyolefins, for example, polymers

25 of ethylene, propylene, and/or butene. The alkylaryl sulphonic acids usually
contain from about 7 to about 100 or more carbon atoms. They preferably contain
from about 16 to about 80 carbon atoms, or 12 to 40 carbon atoms, per alkyl-
substituted aromatic moiety, depending on the source from which they are

obtained.
30
When neutralizing these alkylaryl sulphonic acids to provide sulphonates,
hydrocarbon solvents and/or diluent oils may also be included in the reaction
mixture, as well as promoters and viscosity control agents.
35 Another type of sulphonic acid which may be used in accordance with the

invention comprises alkyl phenol sulphonic acids. Such sulphonic acids can be
sulphurized. Whether sulphurized or non-sulphurized these sulphonic acids are
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prepared according to, the invention, and oil-based conpositions,
particularly lubricating oils, espeC|aIIy | ubricating oils for nari ne
conprising an WoesMeedd detergent according to, or prepared a& GFH?%@” o
the invention. 5 For ease of handlingz. an overbased det ergent
according to, or prepared in accordance with, the invention, advantageously
has a KV[err] of at nobst 20,000 mmjerr]/s, preferably at nost 10, 000

mierr]/s, especi.al t
2,000 mijerr]/ e\'%‘fﬁgl‘é’%go%i'tagﬁg&%‘l pa'g?% © t@sieg@rdﬂ'ﬁ?@% alls. 500
mierr]/s. Thrmnoummwr@moronmsmmpm ledoithpes;ofp '@ﬂ?&%sured in 10
accordance with ASTM D445. Overbased detergents according to the |nvent|on

350 prer or ably at - rdaonisCaridh ayifebie ﬁi&sa@c&ﬂﬁéﬁ@ﬁﬁwﬂ&p@@é Py at
| east 450. As iimcludealkyl suphonic acidsi bn such eqrapoundsdhe afkyl arouprasitably

aspect of the RicAR &aweohh%nlaoﬁ@eam%g‘é&ﬁwmw‘cm*n@f@h?ased

detergents of acce | and containing a relatively high
proportion of ﬁ?@ﬁ&?@yﬁﬁ‘?bé 3? PMSe surfactants in the surfactant

system The invention al so nmekes possible the provision of overbased
detergents 20 wth Md&g tanéaétf&rree&tﬁé‘%ﬁéééné ddrn%uélﬁh%'ﬂhfactwgystéﬁr

Narle §sp221%a?’|vn$%§’é‘33qpamfeg AT R SeyBiEbIa (12354 % GeiboRyls achcher than Hose

advant ageous| y gtidd spifigddbover ef erably at | east 600, m)r e preferably at
| east 650. 25 The TBN: % surfactant ratio is an indication of the
anount of (rel atlvele/ . i X . . .
arboxylic acids which may be used in accordance with the invention
include mono- and dicarboxylic acids. (Where this specification indicates the

15 number of carbon atoms in a carboxylic acid, the carbon atom(s) in the carboxylic
group(s) isfare included in that number.) One example of a monocarboxylic acid
is iso-octanoic acid. Iso-octanoic acid may, if desired, be used in the form of the
mixture of Cg acid isomers sold by Exxon Chemicat under the trade name
"Cekanoic". Other suitable acids are those with tertiary substitution at the a-

20 carbon atom and dicarboxylic acids with more than 2 carbon atoms separating the
carboxylic groups. Further, dicarboxylic acids with more than 35 carbon atoms,
for example, 36 to 100 carbon atoms, are also suitable. Unsaturated carboxylic
acids can be sulphurized. Although salicylic acids contain a carboxylic group, for
the purposes of the present specification they are considered to be a separate

25 group of surfactants, and are not considered to be carboxylic acid surfactants.
(Nor, although they contain a hydroxyl group, are they considered to be phenol
surfactants.)

Where a carboxylic acid/derivative is used, this is not (a) an acid of the
30 formula R2-CH(RP)-COOH, wherein R® represents an alkyl or alkenyl group
containing 10 to 24 carbon atoms and RP represents hydrogen, an alkyl group
with 1 to 4 carbon atoms, or a CH2COOH group, or an acid anhydride, acid
chloride or ester thereof, or (b) a di- or polycarboxylic acid containing from 36 to
100 carbon atoms or an acid anhydride, acid chloride or ester thereof.
35
In one aspect of the invention, the carboxylic acid/derivative, if used, has 8
to 11 carbon atoms in the carboxylic-containing moiety.



expensive) surfactant required to prepare an overbased detergent of a
specified TBN. Wth appropriate starting material s/reaction conditions,
ratios of up to.25 or nore, such as 30 or nore, for exanple 35 or nore, or
40 or nore, wayrhessobt ai ned. 30 Surfactants from whi ch t he RCI/ERITIOZ69Y
system of the overbased detergents in accgrdance with, or prepared
according to, the invention are derivable or derived preferably contain at
| east one hydrocarbyl group, for exanple, as a substituent on an aronatic

ring. The term "hydroc as_used herein neans 35 €, grou,
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desired, be used in the form of derivative thereof, provided that the

derlvatlve if other than a rretal salt, can react W|t_h the basic cal cium
conpound{®) (b) tkxdmples of otiier surfactants which meaybe used imaccomiancewithithe |

invention include the following compounds, and derivatives thereof: naphthenic
acids, especially naphthenic acids containing one or more alkyl groups,
dialkylphosphonic acids, dialkyithiophosphonic acids, and dialkyldithiophosphoric
acids, high molecular weight (preferably ethoxylated) alcohols, dithiocarbamic

16  acids, thiophosphines, and dispersants. Surfactants of these types are well
known to those skilled in the art.

Where a surfactant is used in the form of a salt, any suitable cation may be
present, for example, a quaternary nitrogenous ion, or, preferably, a metal ion.

20 Suitable metal ions include those of alkali metals, alkaline earth metals (including
magnesium) and transition metals. Examples of suitable metals are lithium,
potassium, sodium, magnesium, calcium, barium, copper, zinc, and molybdenum.
Preferred metals are lithium, potassium, sodium, magnesium and calcium, more
preferably lithium, sodium, magnesium and calcium, especially calcium.

25 Neutralization of surfactants may be effected before addition of the basic calcium
compound(s) (b) used in the overbasing step or by means of the said basic -
calcium compound.

If desired, a mixture of two or more members of any one group of
30 surfactants may be used in preparing overbased detergents in accordance with
the invention, provided that at least one surfactant from a different group is also
present. Thus, for example, many processes for introducing substituents into
aromatic rings will result in a mixture of compounds, and it is normally convenient
to use such a mixture without separating its components from one another.
35
Where in this specification an overbased detergent is said to be prepared
from certain specified surfactants, the total proportion of those surfactants (in free



10 is dearly inappropriate in the context, references in the follow ng

di scussion of individual surfactants, and el sewhere in this specification,
to surfactants in their "free" (non- salted) forminclude references to
appropri ate derWQAU466¢s of those surfactants. Exanpl es of sui tR{iEPIT02697
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formul a 30 [err}o@hend ntgsehl esents a hydrocarbyl group and y represents 1
to 4. \Were & is greater than 1, the hydrocarbyl groups nay be the sane or
different. WO 97/ 46644

PCT/ EP97/ 02697 In another embodiment of the invention, the surfactant system is derivable

from at least one sulphurized phenol or a derivative thereof, at least one sulphonic
acid or a derivative thereof and at least one carboxylic acid or a derivative thereof,
the proportions, measured as defined herein, of phenol to sulphonic acid to

15 carboxylic acid being in the range of from 5 to 90 : 5 to 80 : 5 to 90 mass %;
preferably 20 to 80 : 10 to 50 : 10 to 50 mass %; especially 30 to 70 : 10t0 30 : 10
{o 30 mass %.

In a further embodiment of the invention, the surfactant system is derivable
20 from at least one sulphurized phenol or a derivative thereof, at least one salicylic
acid or a derivative thereof, and at least one sulphonic acid or a derivative thereof,
the proportions, measured as described herein, of the phenol to the salicylic acid
to the sulphonic acid in the surfactant system being in the range of from 5 to 90
mass % : 5 to 90 mass % : 20 to 80 mass %; preferably 20 to 80‘ mass % : 20 to
25 80 mass % : 10 to 50 mass %; especially 30 to 50 mass % : 25 to 45 mass % : 15
to 35 mass %.

in any aspect of the invention where the minimum percentage of phenol or
salicylic acid is higher than the lower end of any of the ranges specified in the
30 three preceding paragraphs for the proportion of phenol or salicylic acid, as the
case may be, for that aspect the lower end of the said ranges as given above
should be replaced by the said minimum percentage. Thus in one aspect of the
invention, the minimum percentage of phenol in the surfactant system is 35 mass
%, while in another aspect of the invention, the minimum percentage of salicylic
35 acid in the surfactant system is 10 mass %.

The invention makes it possible to obtain high TBN overbased phenate
and/or salicylate detergents while minimizing the amount of the (relatively



-14- In lubricating oil overbased detergents the phenols are frequently
used in sul phurized form Sul phurized hydrocarbyl phenols nmay typically be
represented by the fornula: [err] where x is generally from1l to 4. In sone
cases, nore wOanaesso phenol nol ecul es may be |inked by Sx DRGRAERIN26ID

In the above fornul ae, hydrocarbyl groupszgepresented by R are

advant ageousl y aIkyI groups, which advantageously contain 5 to 100 carbon
atons, preferably 5 to 40 carbon atons, especially 9 to 12 carbon atons,
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nmay be conducted | resence
y viscosities were reviously known The provision of calcium overbased

detergents comprising a surfactant system which can contain a relatively high

15 proportion of phenate and/or salicylate (thus giving good performance levels in a
number of applications, for example, in marine lubricants) while minimising the
amount of relatively expensive surfactant required, and which may also have a
high TBN and low viscosity, represents a significant technical advance.

20 Further, previously proposed processes for preparing overbased phenate
and/or salicylate detergents typically employed relatively high carbonation
temperatures, for example, temperatures of more than 100°C and, in many prior
proposals, the use of a surfactant such as certain carboxylic acids having at least
12 carbon atoms was taught as being essential for obtaining a satisfactory

25 product. In accordance with the present invention, carbonation is carried out at
lower temperatures, and can be carried out without reagents such as glycols.
necessary when operating at higher temperatures. Furthermore, satisfactory
products can be obtained without the use of certain carboxylic acids having at
least 12 carbon atoms previously taught to be essential.

As indicated above, the overbased detergents according to the invention
are preferably hybrid overbased detergents, that is, overbased detergents
obtained by overbasing a mixture containing two or more surfactants. Such hybrid
detergents have the advantage of making it possible to provide an overbased

35 detergent system having properties contributed by two or more surfactants without
the need to manufacture and blend two or more separate overbased detergents.
Further, elimination of the need to blend separate overbased detergents gives
more flexibility as to the final TBN, surfactant proportions, and the TBN : %



suitabl e diluent. The diluent advantageously conprises a substantially
I'nert” organic diluent, for exanple mneral oil or an al kane. In any event,
the reaction is conducted for a period of time sufficient to effect
substantial recWOKdep44 |t is WD 97/ 46644 PO7102697
PCT/ EP97/ 02697 -15- generally preferred to.gnploy from0.1 to 5 nol es of
the al kyl phenol naterial per equival ent of sul phurizing agent. \Were

el enental sul phur is used as the sul phurizing agent, it may be 6 desirable
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Regar dl ess of #&ergem&er in which they are prepared, sul phurized alkyl
phenol s useful in preparing overbased detergents generally conprise diluent
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by chenical r elibricatingwilshforiexemple fen teunk-pistondoasni:dieselengines, &&. medium-
base- condensed. plerpling ihehl GRIMEE I balcdl WheRNGRRLISGHE 8o e inince

with the inventh on na
phenate, sulfonate and salicylate surfactant anions, greater stability, as measured

10 by the percent volume sediment reduction in stored oil, is achieved when two or
more of those anions are provided in the oil in the form of a complex detergent of
the present invention. This is in comparison with such oils where the three anions
are provided separately in the oil.

15 For example, an oil formulated with a phenate:sulfonate hybrid overbased
detergent of the invention and a salicylate provided separately, and an oil
formulated with a phenate:sulfonate:salicylate hybrid overbased detergent of the
invention each has greater stability than a comparable oil formulated with a
phenate, a sulfonate and a salicylate each provided separately.

20
Overbased detergents in accordance with, or prepared in accordance with,
the invention, which are normally prepared as concentrates in oil containing, for
example, 50 to 70 mass % overbased detergent based on the mass of the
concentrate, are useful as additives for oil-based compositions, for example,

25 lubricants or greases, and the invention thus also provides such compositions
containing the overbased detergents, and concentrates for use in preparing such
compositions. The amount of overbased detergent to be included in the oil-based
composition depends on the type of composition and its proposed application:
lubricants for marine applications typically contain 0.5 to 18 mass % of overbased

30 detergent, on an active ingredient basis based on the final lubricant, while
automotive crankcase lubricating oils typically contain 0.01 to 6 mass % of
overbased detergent, on an active ingredient basis based on the final lubricant.

Overbased detergents in accordance with, or prepared in accordance with,
35 the invention, are oil-soluble or (in common with certain of the other additives



be nodified include, for exanple, fornmaldehyde, propional dehyde and

but yr al dehyde. The preferred al dehyde is formal dehyde. Al dehyde-nodified
phenol s suitable for use in accordance with the present invention are
descri bed i TYO2H466445r exanpl e, US-A-5 259 967. Manni ch basRCHERIZAAEY
phenols are prepared by the reaction of gypphenol, an al dehyde and an ami ne.
Exanpl es of suitable Mannich base- condensed phenols are described in
GB-A-2 121 432. 30 In general, the phenols may include substituents other
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The overbased detergents may be incorporated into a base oil in any
convenient way. Thus, they may be added directly to the oil by dispersing or by
dissolving them in the oil at the desired level of concentration, optionally with the
aid of a suitable solvent such, for example, as toluene or cyclohexane. Such

15 blending can occur at room temperature or at elevated temperature.

Overbased detergents according to, or prepared in accordance with, the
invention are particularly useful in lubricating oil compositions which employ a
base oil in which the mixtures are dissolved or dispersed. Base oils with which the
20 overbased detergents may be used include those suitable for use as crankcase
lubricating oils for spark-ignited and compression-ignited internal combustion
engines, for example, automobile and truck engines, and marine diesel engines.
As indicated above, the overbased detergents are of particular utility in lubricants
for use in marine engines.
25
Synthetic base oils include alky! esters of dicarboxylic acids, polyglycols
and alcohols; poly-a-olefins, including polybutenes; alkyl benzenes; organic esters
of phosphoric acids; and polysilicone oils.

30 Natural base oils include mineral lubricating oils which may vary widely as
to their crude source, for example, as to whether they are paraffinic, naphthenic,
mixed, or paraffinic-naphthenic, as well as to the method used in their production,
for example, their distillation range and whether they are straight run or cracked,
hydrofined, or solvent extracted.

Lubricating oil base stocks suitable for use in crankcase lubricants
conveniently have a viscosity of about 2.5 to about 12 cSt, or mmzls, at 100°C,



Preferred substituents in oil-soluble salicylic acids from which overbased
detergents in accordance with the invention may be derived are the
substituents represented by R in the above discussion of phenol S

al kyl - subst.i t umadorstsédacyl i c 10 aci ds, the al kyl groups advan @8&@?’9’7
contain 5 to 100 carbon atons, preferably 9,40 30 carbon atons, especially
14 to 20 carbon atons. At |east one of the surfactants from Wnich t he
overbased detergents may be derived may be a sul phonic acid or a derivative

t hereof . Sul phoni c aC| ds us or dance th t i nven
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15 Examples of additional additives which may be included in lubricating oil
compositions containing an overbased detergent in accordance with the invention
are viscosity index improvers, corrosion inhibitors, other oxidation inhibitors or
antioxidants, friction modifiers, dispersants, other detergents, metal rust inhibitors,
anti-wear agents, pour point depressants, and anti-foaming agents. Lubricating
20 oils suitable for use in marine engines advantageously include a dispersant and
an antiwear agent as additional additives and may also contain other additives, for
example, additional antioxidants, antifoaming agents and/or rust inhibitors.
Certain of the additional additives specified below are more appropriate for use in
lubricants for automobile engines than for use in lubricants for marine engines.
25
Viscosity index improvers (or viscosity modifiers) impart high and low
temperature operability to a lubricating oil and permit it to remain shear stable at
elevated temperatures and also exhibit acceptable viscosity or fluidity at low
temperatures. Suitable compounds for use as viscosity modifiers are generally
30 high molecular weight hydrocarbon polymers, including polyesters, and viscosity
index improver dispersants, which function as dispersants as well as viscosity
index improvers. -Oil-soluble viscosity modifying polymers generally have weight
average molecular weights of from about 10,000 to 1,000,000, preferably 20,000
to 500,000, as determined by gel permeation chromatography or light scattering
35 methods.

Corrosion inhibitors reduce the degradation of metaliic parts contacted by
the lubricating oil composition. Thiadiazoles, for example those disclosed in US-



35 Anot her type of sul phonic acid which may be used in accordance
Wth the invention conprises al kyl phenol sul phonic acids. Such sul phonic
aci ds can be sul phurized. Whet her sul phurized or non-sul phurized these

sul phoni ¢ acwdraseas WD 97/ 46644 PCT/EP97/02697

PCT/ EP97/ 02697 -17- believed to have surfactant properties conparable to

t hose of sul phonic acids, rather than sui$act ant properties conparable to
t hose of phenols. Sul phonic acids suitable for use in accordance with the
i nvention also 5 include al kyl sul phonic acids. In such conpounds the
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and di canpoxylic acids with more than 2 carbon atonms separating the

;?(r)ﬁg xylic groupsoyidirdiifition AHIBRAE 0 AnfiofGants whidH map bR (46 inJobricatiRgn
oil compositions comprise oil-soluble copper compounds. The copper may be
blended into the oil as any suitable oil-soluble copper compound. By oil-soluble it
is meant that the compound is oil-soluble under normal blending conditions in the

15 oil or additive package. The copper may, for example, be in the form of a copper
dihydrocarbyl thio- or dithio-phosphate. Alternatively, the copper may be added
as the copper salt of a synthetic or natural carboxylic acid, for example, a Cg to
C1g fatty acid, an unsaturated acid, or a branched carboxylic acid. Also useful are
oil-soluble copper dithiocarbamates, sulphonates, phenates, and

20 acetylacetonates. Examples of particularly useful copper compounds are basic,
neutral or acidic copper cu! andlor Cull salts derived from alkenyl succinic acids
or anhydrides.

Copper antioxidants will generally be employed in an amount of from about
25 5 to 500 ppm by weight of the copper, in the final lubricating composition.

Friction modifiers and fuel economy agents which are compatible with the
other ingredients of the final oil may also be included. Examples of such materials
are glyceryl monoesters of higher fatty acids, esters of long chain polycarboxylic

30 acids with diols, oxazoline compounds, and oil-soluble molybdenum compounds.

Dispersants maintain oil-insoluble substances, resulting from oxidation
during use, in suspension in the fiuid, thus preventing sludge flocculation and
precipitation or deposition on metal parts. So-called ashiess dispersants are

as  organic materials which form substantially no ash on combustion, in contrast to
metal-containing (and thus ash-forming) detergents. Borated metal-free
dispersants are also regarded herein as ashless dispersants. Suitable dispersants
include, for example, derivatives of long chain hydrocarbon-substituted carboxylic



for exanple, 36 to 100 carbon atons, are also suitable. Unsaturated
carboxylic acids can be sul phurized. Al though salicylic acids contain a
carboxylic group, for the purposes of the present specificatiaqn 1{33;/ aLe
considered to MOM46#arate 25 group of surfactants, and are HG{Er> 102
considered to be carboxylic acid surfactantgs.(Nor, although they contain a
hydr oxyl group, are they considered to be phenol surfactants.) Were a
carboxylic acid/derivative is used, this is not (a) an acid of the 30

contai ning 10, tipaan gt keciinh BRI botudh o8 oo Taribr i SNl

with 1 to 4 carafsHchderivatives bginggernvati highmeleglarweight bydraeamvtde,
acifl chlori ]gie @ugsﬁma*d éodb%rrﬁ@acidp ISUch)hydrétarbylisubslitutealr dapbiostylic agiistnay bed
contal nitn rom , car | de
or ester tg her ed’??&gg%‘f'*' 89{«,9%‘358’3%‘?% ﬁ@?ﬁé‘@ﬁ%@ﬁb&&ﬁ‘%ﬂ@*&?ﬂ%@@ PQQMH
aci d/ deri vatsi vepolyatkylenaipolyaming, opwith anester; RBadiauarly, preferred dispersants are

car boxyl i c- conttfé peadioNPréducts of pifalkyleht @hines with alkenyl succinic anhydrides.
PCT/ EP97/ 02697 - 18- In a further aspect of the invention, where a

carboxylic acid/derivative is used, this is not a nonocarboxylic

aci d/ derivative wit i\ viscesitytingiex impravesdispersant functians both agawlswsﬁbmd&xm ng

i car boxy T 1o e e e e
th |

car boxyl | - TonsutaApiEor e I ubfitalinbronropkitons jnGpbe fehcton BrSiis B ines,

aci d/ deri vat i vefor exaroplepalydmioes bwitly Rihydesiagiyisubstitutedanona-tordigasbondic acid

car bon in which the hydrocarbyl substituent comprises a chain of sufficient length to

impart viscosity index improving properties to the compounds.

15 Examples of dispersants and viscosity index improver dispersants may be
found in EP-A-24146.

Additional detergents and metal rust inhibitors include the metat salts, |
which may be overbased, of sulphonic acids, alkyl phenols, sulphurized alkyl
20 phenols, alky! salicylic acids, thiophosphonic acids, naphthenic acids, and other
oil-soluble mono- and dicarboxylic acids. Representative examples of
detergents/rust inhibitors, and their methods of preparation, are given in
EP-A-208 560.

25 Antiwear agents, as their name implies, reduce wear of metal parts. Zinc
dihydrocarby! dithiophosphates (ZDDPs) are very widely used as antiwear agents.
Especially preferred ZDDPs for use in oil-based compositions are those of the
formula Zn[SP(S)OR ')(OR?)}> wherein R1 and R2 contain from 1 to 18, and
preferably 2 to 12, carbon atoms.

30 _

Pour point depressants, otherwise known as lube oil fiow improvers, lower
the minimum temperature at which the fluid will flow or can be poured. Such
additives are well known. Foam control may be provided by an antifoamant of the
polysiloxane type, for example, silicone oil or polydimethyl siloxane.

Some of the above-mentioned additives may provide a multiplicity of
effects; thus for example, a single additive may act as a dispersant-oxidation
inhibitor. This approach is well known and need not be further elaborated herein.
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Sk sueh additives, w@rmrwse@t in|csankcase mbnr:ant;s amassi um

and nol ybdenum Preferred

SVIRTT =¥- B-HS VR WY BT W-V=1=v=y. ium 25

Addifiveur f act ant s may be effe ctMﬂBSo%fmi!é he basic

ound(s) (b) used in the overha5| RErcdld§P © the said
OTTROUITa, oe S0 P SHmLY, WO ber s of any
grostly Modifies .t s may be used |in pQ-Qbﬁri ng ovquas"ed detergents

©orrgsiort inhibitorent i on, provi degd t huo1&E | epst 0@1e1.8ur f pct ant

W?&atﬂ{l;ﬂtm 5t8r al so present. Thus, r= exappl 8.01"RBY PfOcesses

IPuentsmto aromatijc rings wll resut 'n a} m xture
difier nor mal |y conveni gnt t@Udse suph 8-%r%bur e] wi t hout

nisparsamtnent s fromone anothey. 36.1-20 0.1-8

Detergents/rust inhibitors 0.01-6 0.01-3

Anti-wear Agent 0.01-6 0.01-4

Pour Point Depressant 0.01-5 0.01-1.5

Anti-Foaming Agent 0.001-3 0.001-0.15

Mineral or Synthetic Base Oil Balance Balance

* Mass % active ingredient based on the final oil.

10
Typical proportions for additives for a TPEO (a trunk piston engine oil) are
as follows:
Additive Mass % a.i.* | Mass % a.i.*
(Broad) (Preferred)
Detergent(s) 0.5-10 2-7
Dispersant(s) 0.5-5 1-3
Anti-wear agent(s) 0.1-1.5 0.5-1.3
Oxidation inhibitor 0.2-2 0.5-1.5
Rust inhibitor 0.03-0.15 0.05-0.1
Pour point depressant 0.03-0.15 0.05-0.1
Mineral or synthetic base oil Balance Balance
15 * Mass % active ingredient based on the final oil.



Where in this specification an overbased detergent is said to be prepared
fromcertain specified surfactants, the total proportion of those
surfactants (in free WO 97/ 46644

PCT/ EP97/ 02697WOI%/46644rn) in the surfactant system of the ov e PGRER 02697
detergent is advantageously at |east 75 masr% preferably at | east 85 nass
% especially at least 95 mass % In one enbodi nent of the invention, the
surfactant systemis derivable from5 at |east one sul phurized phenol or a

derivative thereof d.at least o sul.phonj j L adyl r eof ,
t he proportions, r_regﬁ)(ﬂ’cép odﬁ%ﬁnﬁf)@éd'ﬁ‘é%eﬁi\,aq‘g?e!‘aé P rﬁei% ')‘é?%' ‘%ﬁ%&&e

sul phoni ¢ aci d luhricand) angrasifollaws: system being in the range of from 15: 85
to 95: 5 mass % preferably 30: 70 to 70: 30 nass % especially 40: 60 to
60 :40 nass %| T ' t ant
systemis derij\AddBIve om at tive

t hereof, at |epst one sul phonic acid or a déri viBroad) t h | east
one carboxylic deritvative thereof| the opor §1 onsg_44easurjed as
defined herein Bg#eq%%‘%l to sul phonic acidfto 1}:'Hr8carb xyl ig1g§i d heing in
the range of f}|Bigperaaptleh: 5 to 90: 5 to 90|masV-85 preflerabl¥y320 tq4 80: 10

tof 50: th t(r)TbS Aﬁma%ggﬁﬂg)ci ally 30 to 70] 10011c1.80: 10 t0.89.3masq % In
a further enbopinent . [.hyention, the gur syst ' erijvabl e
20 fromat le EP“’O‘P@%%%%%&% ed phenol or |a Qgrﬁlt'@gf%iv tﬁﬁ;pg?ff at] | east
one salicylic pMinerglorsymthetichase®ilt her eof . {andBalengeast or@alanedhodi c acid
or a derivative thereof,

5 * Mass % active ingredient based on the final oil.

When a plurality of additives are employed it may be desirable, although
not essential, to prepare one or more additive packages comprising the additives,
whereby several additives can be added simultaneously to the base oil to form the

10 lubricating oil composition. Dissolution of the additive package(s) into the
lubricating oil may be facilitated by solvents and by mixing accompanied with mild
heating, but this is not essential. The additive package(s) will typically be
formulated to contain the additive(s) in proper amounts to provide the desired
concentration in the final formulation when the additive package(s) is/are

15 combined with a predetermined amount of base lubricant. Thus, one or more
overbased detergents in accordance with the present invention may be added to
small amounts of base oil or other compatible solvents together with other
desirable additives to form additive packages containing active ingredients in an
amount, based on the additive package, of, for example, from about 2.5 to about

20 90 mass %, and preferably from about 5 to about 75 mass %, and most preferably
from about 8 to about 60 mass % by weight, additives in the appropriate
proportions with the remainder being base oil.

The final formulations may typically contain about 5 to 40 mass % of the
25 additive package(s) with the remainder being base oil.

The following Examples illustrate the invention.



t he proportions, neasured as described herein, of the phenol to the
salicylic acid to the sul phonic acid in the surfactant systembeing in the
range of from5 to 90 nass % 5 to 90 mass % : 20 to 80 mass % preferably
20 to 80 naswoOMmd@@4to 25 80 mass % 10 to 50 mass % espeBCHEPS703697t 0 50
mass % : 25 to 45 mass % 15 to 35 nmss %_len any aspect of the invention
where the m ni num percentage of phenol or salicylic acid is higher than the
| ower end of any of the ranges specified in the 30 three preceding

par agr aphs for_the proportion of phenol or salicylic acid, as the case may
be, for that de¥amelethe | ower end of the said ranges as given above shoul d
be replaced by the said m ni num percentage. Thus in one aspect of the

. Do e f . ! .
mas % Cwhil o i n ot o 278 MetliEh 8ha 0B o Suipltht SE I BN WSLCT L5 S0
salicylic 35 intrpduced inteca seacteranthmixedwhilg maintainingdbe demperatyrgdtnt i on
L2 g 055 oty v oidrotas o iph e g o5t o
PCT/ EPO7/ 0260 7754 WA fierled &‘3 SR sfifin: Tothe sfinydktined i i W it

det er gent t husaddeea mixture, imgintaineskati40°6o ot thel phene! and sulphpnicagsidswfactants
salicylate oveg iﬂﬁ‘caﬁfegf% 100t toudrid, #liowRldvby A ﬂi}lthE%lpa?( 56 g5 bANt

ratio. This is parti cul ar ant/age in the case of lubricants for marine
use, as mari neto enégdﬂ’@&%ﬁ(?gﬂ\iel atively large amounts of 5 |lubricants
cont ai ni ng1i gh TBN over based detergents (for exanple, Marine D esel

Cylinder Lubricant sadf¥diprafisftion®riRe ShFatats bythel Gickimhydroiide, thé! so of
temperature of the mixture was reduced to approximately 28°C and was
maintained at approximately 28°C while carbon dioxide (62 g) was injected into
the mixture at a rate such that substantially all the carbon dioxide was absorbed in

15 the reaction mixture to form the basic material. The temperature was then raised
to 60°C over 60 minutes, following which the mixture was cooled to a temperature
of approximately 28°C over 30 minutes. At 28°C, a further quantity of calcium
hydroxide (127 g) was added and carbon dioxide (62 g) was charged. After this
second carbonation step, the temperature was raised to 60°C over 90 minutes.

20
Subsequently, the volatile materials were distilled off, a second charge of
diluent oil (209 g) was introduced, and the product was filtered to remove
sediment.
25 Details of the starting materials used in all the Examples are given in Table

1 and the notes thereon. The quantity of diluent oil (SN150) in Table 1 is the total
amount charged. Table 2 gives the TBN, the % total surfactant (Y, determined as
described herein) and the TBN : % total surfactant ratio (X, determined as
described herein), the standardized TBN, and the proportions of individual

30 surfactants in the surfactant system of the overbased detergent (see Note 2 to
Tables 1 and 2) of the overbased detergent, together with viscosity data and the
filtration rate (in kg/m2/h) and filtration gradient,

35 Example2

540 g toluene, 276 g methanol, 22 g water, and 22 g of diluent oil (150N)
were introduced into a reactor and mixed while maintaining the temperature at



advantage in the case of other lubricants, for exanple, crankcase

| ubri cants. Further, the invention nmakes it possible to provide highly

ef fective overbased detergents having a relatively | ow viscosity, even when
the surfactant WQAHE8#810 contains a relatively high proport?ﬁﬁm%ﬁ"qﬂmgnate
and/or salicylate. H gh TBN cal ci um overbasgeg _sul phonates and carboxyl at es
wth | ow viscosities were previously known. The provision of cal cium

over based detergents conprising a surfactant system which can contain a

| ati vely high . ' f. t / | i h | Vi
Good per 1 br mnc@ReyERER Ity LaldmNeaktod ekl €e) dasatel il ter e
| ubri cants) whi mixtwierwas heatgd tta 402Comith stisting  Tat the slurycobtained Jne thisiway wasnt
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pr ocgsses f or pf%@ﬁﬂi an i@@ﬂ@%@@ﬂe-dﬂ%ﬁ%b&ﬁ%&e&@ﬁ%ﬁ@ @?’e&ﬁt@*‘ ti‘ﬁe
typi cal |y enpl osalitylieéacid isudhgtaht sprecifiedhinTsblenh wasrthen drtrodased fnto thee reaztar,

tenperatures of nore than 100[err]C and, in many prior proposals, the use

of a surfactant such_as certain, carboxylic acids having at |east 12 carbon
atons was taught as B rd'&‘ﬁ?gé?ﬂqr‘a?fth%ﬁuﬁﬁ?tapﬁ Bythg @ﬁ#@ﬂé{%-ﬂp
product. | n acctempzeratureot thet hixtyre ssasmeducedtd approxinatély 28°C @andiwascar ri ed

Gi'ycol s necessal it 8 apitxriétlly sh-EihierCarbth dpbidlftha ) SESRIEEIEH b 2
sati sfact or y0 pr E%{?JBP‘S""E&# agjatespichy thewﬁasm ly all ¢he,carben diaxidexwas ahserbediin ¢
igi ds . hav |t 2 g ZE) tHVeaaat:tidrenmmb foinotie Ipasio ateral. Thedémpératire vﬁiﬁﬁ&h!rﬁised 32
or ef or bl y. nybr DG C e BTNREES el iRich (16 TR et Sob8 b REfePiluAl
obt ai ned by ovePharRAYMAtely 280 Over3P Mminktes. ARS8, ariirthes guaatty 929@'9‘”8!1Ch
hybri d det er genhgdrogide (50g) adisaiided andicambdn didxide (2833 Wilschiafged. OFhgle an
overbased 45  temperature was then again raised to 60°C over 60 minutes, following which the
mixture was cooled to a temperature of approximately 28°C over 30 minutes. The
sequence of adding calcium hydroxide (50 g each time), carbonating (25 g each
time), and heat-soaking was repeated three more times under the conditions
specified for the second time except that, after the fifth carbonation step, the
20 temperature was raised to 60°C over 90 minutes.

Subsequently, the volatile materials were distilled off, a second charge of
diluent oil (98 g) was introduced, and the product was filtered to remove sediment.

25
Examples 3 to 60

The method indicated in Example 1 was repeated, except as indicated
below, using the starting materials, and proportions of starting materials, indicated
30 in Table 1 and the notes thereon, and using amounts of toluene, methano! and
water within the following ranges : toluene - 500 to 690 g; methanol - 270 to 330 g,
water - 15 to 25 g. Characteristics of the overbased detergents obtained are
specified in Table 2.

35 in Examples 3 and 13 to 16, 15 g of formic acid was also introduced into
the reactor.

in Example 21, SN600 oil was used instead of SN150 oil.



35 detergent system having properties contributed by two or nore
surfactants wi thout the need to manufacture and blend two or nore separate
over based detergents. Further, elimnation of the need to blend separate
over based dew&xajdsmds gi ves nore flexibility as to the final PCBEPI#MAEH7act ant
proportions, and the TBN. % WD 97/ 466444,

PCT/ EP97/ 02697 -21- surfactant ratios, and may al so overcone probl ens of

i nconpatibility or stability that may be experienced when preparing bl ends
cont ai ni ng separate overbased detergents. 5 More particularly, the
hybrid overbased detergents of the present invention have been found to
give rise to inprondkanpies 4, 12, 19, 294d 411048 @and84athe pyodudh wasHfiitered ini | S,

for exanpl e, b{ova Qs I ' ' | peed
mari ne g})eselgﬂ{(\eﬁ'%rﬂh ,a_r%?igéﬁ'ar, vﬁgﬁ F@?%gf}??ﬁhd%acﬂﬁg?@?% contain
phenate, sulf %ﬁ@@ﬂﬁ@'ﬁgé@@t%ma&ﬁﬂdﬂﬁmﬁ esdesired amount of,  as
mezﬁsureg mlﬁ bijuerineil.pﬂmmluemIoilrmnﬂmihﬂ‘adﬂlcémmwswgéimtﬂéfpr@@ésfsi. for iﬁ

achi eve en r . | royi | oil in the
formof a corr% exp%é?g?raé%'n "8?%33?52‘@@9%0@&%&%% o:ilgsetn:f'sg)i n conpari son
Wi th such oils where the three anions are provided separately in the oil.

overbased ot g L CruIee A AL A ot
over pase e . e . n a sallcyla ,
ona on- o1 °F oRAfah. b R aidifh, 3 ribal Boniitl Begedticd: ROTRA TR IRAREL L,
det er gent 10f theccanditionsiindicated!in ikxempie A for thetseisond sych sequence cexcepithat oi |
formul at ed W ghcihedtedtiiking Step WdsOEtRHied Blflagincthkififst sehfief@E NnE@MSIBS7
separately. the procedure in Example 2 was followed.

In Example 27, carbonation was carried out at 30°C.
15

In Example 58, carbonation was carried out at 55°C. The product was
isolated by distilling off polar solvents, adding toluene, centrifuging to remove
sediment, and then distilling off volatile material.

20 The production of the overbased detergents according to the present
invention may be associated with evolution of sulphur compounds such as
hydrogen sulphide and mercaptans, particularly when the detergent is required,
for operational reasons, to be maintained at elevated temperature, such as above
130°C, for extended periods, following distilling off the volatile materials and prior

25 to filtration to remove sediment.

Such evolution is undesirable because it interferes with safe and hygienic
plant operation. One way of preventing or ameliorating such evolution is by olefin
treatment at any stage in the production of the detergent. For example, the olefin

30 can be incorporated at any stage of raw material preparation, neutralisation,
overbasing, volatile material distillation, or period spent at elevated temperature,
i.e. at any stage in the preparation of the detergent. Incorporation during solvent
distillation is preferred, e.g. at about 130°C.



20 Overbased detergents in accordance with, or prepared in accordance wth,
the invention, which are nornmally prepared as concentrates in oi

containing, for exanple, 50 to 70 nass % overbased detergent based on the
nmass of the corwemsssssse, are useful as additives for oil - based®CTEPITN2697
conposi tions, for exanple, 25 |lubricants or,greases, and the invention

t hus al so provides such conpositions containing the overbased detergents,
and concentrates for use in preparing such conpositions. The anmount of
overbased det er gent 1,8, By ibt Khitheilih P sQltiord 8eRLIGRMBAN iRNasteRpnar on
the type of conposit KOG TS proposed appl'ication:” Tubricants for marine
appl i cati ons ty plevatéd/tetrperature Sarbbé aséd. Examplésosf sueb olefinsdare dhosecwith hight |

ti i dient basis b t i nal |ubri t i
Lt oot ve. or an e I SHERRTER hGIE 18 5 6 arpop ativhs AF Blose. Shefing gxamples
over based det er g¢gl,ch ARAAE aREhIobfadeBBHECFBIBTR ARKIENdREVAG, U VEtade 4 carbon

| ubricant. Overba etergents I n accordance with, or prepared in
accor dance wist h at@fs; antoligomers obhyutenee Aosuitable treatrate of the olefinis from P to 5

certain of the other additjves .. 7LA6 0

PCT/ EPO7/ 02607 S5 oreTagssi%h hpsed '%ﬁ%o@@'é'i?‘gé‘%\eé%e&t\%’ﬁeéaw Ot to 2mass{®. ai d
of a suitable solvent, or are stably dispersible materials. G -soluble,

di ssol vabl e, or stably dispersible as that term nology is used herein does
not necessarily indicate that the additives are sol uble, dissolvable,

m sci bl e, or capable of being suspended in oil in all 5 proportions. It
does nean, however, that the additives are, for instance, soluble or stably
di spersible in oil to an extent sufficient to exert their intended effect
in the



~environnent in which the oil is enployed. Mreover, the incorporation in an
oi | - based conposition of other additives may permt incorporation of

hi gher levels of a particular additive, if desired. 10 The overbased
detergents nwposaedmcor porated into a base oil in any conveRCHEPYN3EP7 Thus,
they may be added directly to the oil by gﬁgpersing or by dissolving them
inthe oil at the desired level of concentfation, optionally with the aid
of a suitable solvent such, for exanple, as toluene or cycl ohexane. Such 15
bl endi ng can occur at
Over based detergents agcqgd

g to, or prepared in accordance
invention are particul frl ef U i cb UBY i€ adi Dk @ &N tp
enpl oy a base oil in whi (g & mxRsae &i g@v&j%@gﬂ-—spﬁg
oils with which the 20| erbased detergents may be used inclu
suitable for use as crankcase lubricating oils for spark-ignit
conpression-ignited infergal | combustion engines, for exanple,
and truck engines, and|nmegi n opigsusi SN RS, A5 4 ndi cated abgye, the
over based detergents afe Of Bt hcw an R,'ti i8yco Bl &S cdnl® BPr use in
marine engines. 25 Syn{hefic base 6i I's Thé (e uRyN &ter$ of | di carboxylic
acids, polyglycols andfalCohpls; poly-[err]-olefins, including}polybutenes;
al kyl benzenes; organi § esStTefs ol pnospnortc actas, and potystkicone oils.
30 Nat ural base oilqganclude mneral lubricating oils which may vary
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35 Lubricating oil base stocks suitable for use in crankcase |ubricants
conveniently have a viscosity of about 2.5 to about 12 cSt, or merr]/s,
at 100[err]C, WO 97/ 46644

PCT/ EP97/ 02697 W@%7146648 t hough base stocks with ot her viscosi tiPIERYOWY
used, for exanple, bright stock. Lubricating Qil base stocks suitable for
use in marine lubricants 5 conveniently have a viscosity of typically
about 3 to about 15 cSt, or mjerr]/s, at 100[err]C, although base stocks
with other viscosities maf al soJbe used. I1hus, tor exanple, brighf stocks,
which typically have a vi $cogity of about 30 to 35 cSt, or nmjerrj/s, at

100[err] C may be used. 10{ ¥ i & BvF bas :deﬁe@@t‘{,i iBaccgs dafce with,
or prepared in accordance Wlﬁh“' rhe~presenty iAveNEY R Ry~ be &npMdyed in a

| ubricating oil conpositi¢n whig¢h conprises lubricating oil, typidqally in a
maj or -proportion, and the - ' N a—qr
proportion. Additional additigye$ may be incorporated in the conpogition to
enable it to neet particul argefwre PNES b addbtqnal

addi ti'ves which may be ingl =] 533%1. caR r§ @ I"C{erﬁ)s%ﬂtl o R’ygnt ai ni ng

an overbased detergent in ac@or dance with the invention are viscodity index
| nprovers, corrosion inhilgitors] other oxidation inhibitors ar

antioxidants, friction noqifier dispersants ot her detergents, rnetal rust
inhibitors, anti-wear agents, oi nt dggressants and anti -f <;n1ng
agents. Lubricating 20 oills s Sor é‘gﬁlﬁrﬁnﬁeﬁgl ndd &
advant ageousl y incl ude a cispe&ﬁant and -
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an antiwear agent as additional additives and may al so contain ot her
additives, for exanple, additional antioxidants, antifoam ng agents and/ or
rust inhibitors. Certain of the additional additives specified below are
nore approprw@®d4déesd use in | ubricants for autonopbil e engi NRCIEPIM2PDr use
in lubricants for mari ne engines. 25 Vi 50053| ty index inprovers (or
viscosity nodifiers) inpart high and | ow terrperature operability to a

| ubricating oil and permt it to remain shear stable at el evated

tenperatures and al so effrprrjacceprapt € viscosrty or frorarty 3t | ow
tenperatures. Suitable gongouphds for use as viscosity nodifiersjare
generally 30 high m)le:ulﬁﬁggg; \egrec napol y l@qi ng
pol yesters, and vi scosi y% b RN mp?tgverv-dﬁ;?%rgntsngwgﬁtlon as
di spersants as well as yisCos{ty index inprovers. Ql-soluble vifscosity
nodi fyi ng pol yners genefahdy—d | ts of from
about 10,000 to 1, 000, OPO, apr eferably 20,000 to 500 000, as det ¢rm ned by
gel perneation chronatofr 8NN | @ i ght s&a eb B¢ g Corrosi on
I nhi bitors reduce the dggf Do rmtﬂ cvpgts S'DNP QQS,\ t he
lubricating oil conposi|iqf. Fhiadiazoles, for exarrple “those dlﬂclosed I n
us- WO 97/ 46644 PCY/ EP97/ 02697
-24- A-2 719 125, 2 719)126 apd 3 087 932, are exanples of corr¢sion
i nhi bitors for |ubricatjng s. Oxidation inhibitors, or antiojidants,
reduce the tendency of Un'ner gpgs,':t B53 @tgrg)ratg i gelglgei, evi dence
of such deterioration begi ng,O exanple, th
o |2
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production of varnish-like deposits on netal surfaces and of sludge, and
vi scosity increase. Suitable oxidation inhibitors include sul phurized al kyl
phenol s and al kali or alkaline earth nmetal salts thereof; diphenyl an nes;
phenyl - napht hy|wedT4s844 and phosphosul phuri zed or sul phuri zed mﬁﬁkﬁﬁ?ﬁﬁhs
10 Ot her oxidation inhibitors or antioxidantg which may be used in

i

| ubricating oil conpositions conprise oil-solubl e copper compounds. The
copper may be blended into the oil as any suitable oil-sol uble copper
conpound. By oil-sol uble € conpound 1's ol l-solfubl e under
normal bl ending conditio i tlhe 15 oil or additive package. The copper
may, for exanple, be in the 2 egnRofs fcoisr iRy & 8BbE & HBoBor
di t hi o- phosphate. Altern '@EPV, t he <Topper Ty b¥ add¥d®as tTe pper salt
of a synthetic or natural} carboxylic acid, for exanple, a C8 to err]
fatty-acid, an unsaturat } f - so usefu
are oil-sol ubl e copper di bamat es, sul phonates, phenates, d 20
acet yl acet onat es. Exanples GE_Q t kCUbaf Yo UsERU aiCab B! of @IP@UIIS are
basic, neutral or acidic @E.Jkerx] ,'?plrwlm RIS Y ReRped from
al kenyl succinic acids or ydri des. Copper antioxidants wll geperally be
enpl oyed in an anount of fron1a out 25 5 to 500 ppm by wei ght of}the
copper, in the final lubrfjcating conposition. Friction nodifiers gnd fuel
econony agents which are ,onde ble with the other |ngred|ents of|] t he final
oil may al so be included. DG HFRNMPY I A N ReHScEFF
nonoest ers of higher fatty acgrs, &Ster ¥ oF TForfg Thar n—pdl ycaFboxylic 30
acids with diols, oxazoliphe cohpounds, and oil -sol ubl e nolybdenuny
conpounds. Di spersants nmafmtearnrort=rnsotubte—substances;—Tesuftthg from
oxi dation during us susgengion in the fluid, thus preventing] sl udge
fl occul ati on and prgg}pltau1mii r deposition on netal parts. So-chlled
ashl ess dispersants & Evoooooo-oooooooo
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35 organic materials which formsubstantially no ash on conbustion, in
contrast to netal-containing (and thus ash-form ng) detergents. Borated
netal -free dispersants are al so regarded herein as ashl ess di spersants.
Sui tabl e di smeywmedss i ncl ude, for exanple, derivatives of | BEYEEHA26P7
hydr ocar bon-substituted carboxylic WO 97/ 46644

PCT/ EP97/ 02697 -25 - acids in which the h?ﬁfocarbon groups contain 50 to
400 carbon atons, exanples of such derivatives being derivatives of high

nol ecul ar wei ght hydrofarpyr{ substrtruated spccinic acid. Such
hydrocar byl - substitute§l cgrbéxylic acids may be reacted wth, for exanple,
a nitrogen-containing gorf gdg_armageougl y a 5 polyal kyl ene pol yam ne,
or with an ester. Partfc y preferved di ppersants are the reaction
products of pol yal kyl epe @m pes with al keny}] succinic anhydrides. A
vi scosity index inprov i ctiops both as a viscosity index
i nprover and as a dispersgpt{ Exanpl es of v]scosity index inprover
di spersants 10 suitable oL |USem I &bricaling conpositions include
reaction products of afi N@s2|fRr&efar® e pojyanmines, with a
hydr ocar byl - substitute mﬁno- or dicarboxyl{c acid in which the hydrocar byl
substituent conprises chaig of sufficient}jlength to inpart viscosity
i ndex i nproving proper1|es t¢ the conpounds} 15 Exanpl es of
di spersants and viscosilty iggex inprover di$persants nmay be found in
EP- A- 24146. Additional |det etdFHt & FHd{net al |rust inhibitors include the
metal salts, which may|be of@drbaSed; Bf sul phonic acids, al kyl phenols,
sul phuri zed al kyl 20 henol"d, al kyl salicylji c acids, thiophosphonic acids,
napht heni ¢ aci ds, and ¢t+fet
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oi | -sol ubl e nono- and di carboxylic acids. Representative exanpl es of
detergents/rust inhibitors, and their nethods of preparation, are given in
EP- A- 208 560. 25 Antiwear agents, as their nane inplies, reduc ar
of netal parts.w@omnesssi hydr ocar byl dithi ophosphates (ZDDPs) ar y'g{'/ﬁy"\ﬁely
used as antiwear agents. Especially preferreg ZDDPs for use in oil-based
conpositions are those of the formula Zn[ SP( S(CR[err])(O?[err])][err]
wherein Rlerr] and Rlerr] contain from1 to 18, and preferably 2 to 12,
carbon atons. 30 Pour point _d as lube oil flow
| nprovers, |ower the mnijrum t ¢nperature at which the fluid will {low or
can be poured. Such addi tf r& vel I, kpolin. B FBa® adn¥r & nay. be|provi ded

by an antifoamant of the i|| &ane type® f%roeﬁarﬁlé’, ‘%lllcone oi |l or
pol ydi net hyl sil oxane. 3 y provide
a multiplicity of effects| for exangl e, a S|n | e addltg‘,ve may act as a
di sper sant - oxi dati on i nhi r{ ®is a-pp.!o I% omngpandmed not be
further el aborated herein \()"\'97/46642
PCT/ EP97/ 02697 -26 - WenpHubeteat ||gﬂ.,uupu3; +Hoerrs—eontarmome—orinor e of
t he above- nentioned addi fewes,| each addltlvelg,tuyplcall p\lwde into the
base oil in an anpbunt whi :%"‘@nabl%s“’t@ ad t%vetuo r §| d¢sired
function. Representative x&ffeé‘flve anobunt s of suc itives, en used
in crankcase lubricants, pre~ag
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follows: Additive Mass % a.i.* Mass % a.i.*

(‘Br oad) (Preferred) Viscosity Mdifier 0.01-6
0.01-4 Corrosion |Inhibitor 0.01-5 0.01-1.5
Oxi dat i on | r\WOIT/4esds 0.01-5 0. 01- 1. SPCR/ERK7I02A97
Modi fi er 0.01-5 _ag)- 01-1.5 Di spersant
0.1-20 0.1-8 Detergents/rust inhibitors 0.01-6
0.01-3 Anti-wear Agent . 0.01-6 0. 01-4 Pour Poi nt
Depr essant Q.01-5 Q.01-1.5 Anti-Foam ng Agent
0.001-3 0.001-0.15 M nkral or Synthetic Base Ol Baj ance
Bal ance * Mass % acti \# Bngf edi ent ,ba&ed BhBhe @nal ,0il.AG[ypi cal
proportions for additifte® fbhr a TPEOC(a t FurR pi & on engi n® &|) are as
follows: Additive Mass—9%%-at—2——Mask % a.i.*
( Broad) (Preferreq), petprgent () o - 0f 5- 10
2-7 Di spersant(s) '_f.:‘& ' gé S SJ.I?-S 5 .15mhgwti-wear
agent (s) FJ'M D.1-1.5 < § 51, 3%i dati on®™ R bi t or
0.2-2 0.5-1. 5 HRust—phibttot 6—03-P. 15
0.05-0.1 Pour point dq@&sshn. o« o 0-03:0.15 & 0.0p-0.1 Mneral
. . hond - [ve] [++]
or synthetic base oil EE §al ange g @ EBagancé § = § s
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15 * Mass % active ingredient based on the final oil. WO 97/ 46644
PCT/ EP97/ 02697 -27- Typical proportions for additives for a MDCL (a narine
diesel cylinder lubricant) are as follows: Additive

Mass % a.i.* WOS¥6H4da. i . * (Broad) (Preferred) Detergent (P TEP97102697
1-18 3-12 Di spersant(s) -39- 0.5-5 1-3
Anti-wear agent(s) 0.1-1.5 0.5-1.3 Pour point

depr essant 0.03-0. 15 0.05-0.1 Mneral or synthetic base
oi | - Bal ance Bal.ance > b %02 e lngredignt_Based on the
final oil. When a plurali} vof additives are enployed it may be dsi rabl e,

al though not essential, tjE@repare one of nore additive packagessgonprising

t he additives, whereby seb‘el’hl addi tives can be added si nul taneou>l y to the
base oil to formthe 10 6 SOFPE o —B-ssott of the
addi tive package(s) into t‘p at wg\,oa.«,l B b.e.iae—_q Id.t.a.ted by sol vents
and by i xi ng accorrpaniedwé%hrrﬁ hatdin® Bu¥ ﬂﬁl%%&ﬁgésetlal The
addi tive package(s) wll fypic IIy be"’for | 5t e o Tont &7 nt e adltlve(s)
i n proper anounts to provfde Tt < T T OT ]
formul ati on when the addif&& pa egﬁ)wig.jaéeNIS gonbined wthla
predet ermi ned amount of b esltbgcgng Fhirs @ e Rbrgni® & olerrba@¢d
detergents in accordance ¥t the present invention may be added fo
(4 © 8 o o 0
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smal | amounts of base oil or other conpatible sol vents together wi th other
desirable additives to form additive packages containing active ingredients
in an anount, based on the additive package, of, for exanple, from about
2.5 to about was748@anass % and preferably from about 5 to RODEPITAB6ITESS %
and nost preferably fromabout 8 to about §0 mass % by wei ght, additives in

the appropriate proportions with the remai nder being base oil. The final
formul ations may typically contain about 5 to 40 mass % of the 25 additive
package(s) with the renai nder being base oil. The follow ng Exanples
illustrate the inventidqn. . WO 97/ 46644
PCT/ EP97/ 02697 -28 - E)@TEI el 1,540 g @l yene, , 286 % Bebhapol, apd 22 9 of
diluent oil (1 50N) werd® g@nt|oduced i o a reactore agdsiri xed whi | e
mai ntai ning the tenperdture ht 5 _approxinately 20[err]C Calcijum hydroxi de
(Ca(O)2) (145 g) was gdded,|and the nmixture was heated tQ 40[efr]C wth
stirring. To the slurr %ta n& in.t@s.vway wal RIdBdhr i xt urk,
mai nt ai ned at 40[err]C, he*dhenol “and sul phthi® Bci® Nur f ack ant s
specified in Table 1 a - antity (50
g) of toluene, and wat g). 10 After utralization of thel surfactants
by the cal ci um hydr oxi > fei@eRatarg %?%h'e‘, g xTuge Ba® @Huced to
approxi mately 28[err] C|&& was nal ntained at %pB’roxiﬁatel‘? FB[Rfr]C while
carbon di oxide (62 g) ectedintg
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the mxture at a rate such that substantially all the carbon di oxi de was
absorbed in 15 the reaction mxture to formthe basic material. The
tenperature was then raised to 60[err]C over 60 m nutes, follow ng which
the mixture waW@¥mi6edd to a tenperature of approxi mately 28[ e Y¥69%0
mnutes. At 28[err]C, a further quantity of.gal ci um hydroxi de (127 g) was
added and carbon dioxide (62 g) was charged. After this second carbonation
step, the tenperature was rai sed to 60[err]C over 90 m nutes. 20
Subsequently, the volati e distilled off, a second charge of
di luent oil (209 g) was nt,éouced and fhe product was filtered to renove
sedi nent. 25 Det ai k= ®f |the startirfg materials used in all the

Exanpl es are given in Ta 01 and the nofes thereon. The quantity of

di luent oil (SN150) in T} . al anmount charged. Table 2 gives
the TBN, the %total surfg (Y, deteqm ned as described herein) and the
TBN: % total surfactant " ijned as descri bed herein), the

standardi zed TBN, and th¢ i ndividual 30 surfactants in the
surfactant system of the]ove ergent (see Note 2 to Tables 1 and 2)
of the overbased deterge _ _viscosity data and the filtration
rate (in kg/nferr]/h) angsTElIt a;l:,lei.h@r&(!ent. 35 Exanple 2 540 g tol uene,
276 g methanol, 22 g wat ¢¥, ?an 22 g of diluent oil (150N) were introduced
into a reactor and m xed +ermatmtarnt1g the tenperature at WO
97/ 46644 ol PCT/ EP97/ 02697 - 29-
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approxi mately 20C. Cal ci um hydroxi de (Ca(OH) 2) (54 g) was added, and the

m xture was heated to 40[err]C, with stirring. To the slurry obtained in
this way was added a mi xture, naintained at 40[err]C, of the sul phonic acid
surfactant sp@#se@d in Table 1 and 100 g tol uene, foll owedPEWERSHOAN her
quantity (50 g) of toluene. The 5 salicylgc acid surfactant specified in
Table 1 was then introduced into the reactor. After neutralization of the
surfactants by the cal ci um hydroxi de, the tenperature of the m xture was

reduced to approximately 28[err]C_and wa i ntai ned at approxi mately
28[ err] C while carbon dioxide (24@}%-?[Mnto 10 the mixture at
a rate such that substantially all the carbon di oxi de was absorbed in the

reaction mxtre tpef Quitdd6F tﬁé%ﬁn&iﬁ&ﬁ?haﬁrc géi}f ﬁémﬁraé?d”érﬁi YatBokfIRhci

d to 60 C d
[0 o temperat ur e GHIRRBRSFRISNS DLVBGeN By ot Bbablabial o/ ¢ “a

further qwantity of cal ci um hydroxide (50 g) was added and car bon di oxi de

(25 g) was charge%O %&ée{ﬁhﬁf%%ttﬂ}ﬁrhgsm tm"ﬁg‘?wﬁ‘%@oﬁiﬂ‘ err] C

over 60 m nutes [Tow n m xture was errper at ure of
appr oxi mat el y 28[ er r ] ccbaieddg the reaction veseel dhat e petdipentglhi ng cal ci um
hydr oxi de (50 g each tine), carbonating (25 g each tine), and heat-soaki ng

uas repeated { i eq 10" Gefdafiond B Hiashilf«£8RHId BRI h4LE he Bl of 0N

time except that, afte car bona on re wa
rai sed to'60[ err] C ovetheguriactantas clwseesﬂrmvpycﬂqm\eesml thet, I"é%l'@#ﬁ’ al's

were distilled off, a vemudedtietergent, ivadsociatedwith cARkign. Was i ntroduced,
and the product was filtered to renove sedinment. 25 Exanples 3 to 60 The

met hod indicated in Exanple 1 was repeated, except as indicated bel ow,
usi ng the starti ndtiwill beiappeeciatad thatdpe tembtactive ingredient! hasits sormak |
indicated 30 in TAGaking, atireiére t0 Bidtporiis STRe saffctaft-tntaiinyg wnateiial
t ol uene, r?t hanol m‘d’

h comprises molecules other than diluent oil molecules. We have
found that, when using surfactants to prepare overbased detergents in
accordance with the invention, in some cases a proportion of the surfactant
molecules do not react with the basic calcium compound(s), and remain in
unreacted, non-salt, form in the liquid overbased detergent. In such cases,

20 the percentage of "reactive mgredrent" will be lower than the percentage of

"active ingredient”.)

2. in Table 2, Ph %, Sulph %, Sal % and Carbox % are the percentages by
mass of the phenol surfactant, sulphonic acid surfactant, salicylic acid
25 surfactant and carboxylic acid surfactant respectively (in hydrolyzed form),
based on the mass of the total surfactant (in hydrolyzed form) associated
with the basic calcium compound in the overbased detergent.



water within the follow ng ranges: toluene - 500 to 690 g; nethanol - 270
to 330 g, water - 15 to 25 g. Characteristics of the overbased detergents

obtained are specified in Table 2. 35 I n Exanpl es 3 and 13 t o 29
g of formc acMPIME644l so i ntroduced into the reactor. In ExakpF s‘§N600
oil was used instead of SN150 oil. WD 97/46644

PCT/ EP97/ 02697 -30 - In Exanples 4, 12, 17, 19, 29 to 41, 43 and 54 the
product was filtered in solvents, after renoval of polar solvents. The
final product was isolated by renoving thm ning volatile material and
I ntroduci ng the desired amount of 5 dilu (The diluent oil can be
I ntroduced at any stage in the process, for exarrpl e, before, during or
after distilling off the non-pogaffaé e fean@End 55 and 56 there
was an additional (thi rd) cal ci um hydr oxi de addr t | on car bon di oxi de

addi tion, and hea ‘zoc?al ng sequence, carried Oubeslé I the conditions
I ndi cated i n Exa Mor the second such sequence, except t hat each

heat - soaki ng st %e%%o&&ff' CRl sSiHuriFe 2l ghBifol, s)ritilsiz &Pt PdifpRur dichiofideriil b @58
the procedure in Exanple 2 wWa§ masd) bieH®stterlidly RoniTibBpylehe) pheAdiprRbsrIRantRara-
carried out at 30C. 15 |In Exsitpdtited)@nd Raialy@indiyl pienuis retidiinartig 2 @isubsiituted).
55[err] C. The product was i stliat®dr.iby4a)i stilling off polar solvents, adding
tol uene, centrifuging to renove sedinment, and then distilling off vol ati | e
mat eri al . Phenol source2 A sulphurized alkyl phenol synthesized from sulphur dichloride and a 85/35

(by mass) blend of tertiary nonyl (tripropylene) phenols (predominantly para-

substituted) and tertiary dinonyl phenols (predominantly 2,4-substituted).

(a.i. = 68; r.i. = 40)

Phenol source 3 A sulphurized alky! phenol, synthesized from sulphur monochioride and a
65/35 (by mass) blend of tertiary nonyl (tripropylene) phenols {predominantly
para-substituted) and tertiary dinonyl phenols {predominantly 2,4~
substituted). (a.i. = 72; r.i. = 40)

Phenol source4 A sulphurized alkyl phenol, synthesized from sulphur monochloride and a
65/35 (by mass) blend of tertiary nonyl (tripropylene) phenols (predominantly
para-substituted) and tertiary dinonyl phenols {predominantly 2.4-
substituted). (a.i. = 70; r.i. = 34)

Phenolsource 5 A sulphurized alkyi phenol, synthesized from sulphur monochloride and a
65/35 (by mass) blend of tertiary nonyl (tripropytene) phenots (predominantly
para-substituted) and tertiary dinonyl phenols (predominantly 2,4-
substituted). (a.i. = 84; r.i. =40)

Phenol source6 A low base number sulphurized calcium alkyl phenate; alkyl phenate source
is tertiary dodecy! (tetra-propylene) phenols, largely para-substituted (TBN =
135). (a.i. =62, r.i. =48)

Phenol source7 A methylene bridged phenol, synthesized from a 65/35 (by mass) biend of
tertiary nonyl {tripropylene) phenols (predominantly 4-substituted) and
tertiary dinony! phenols (predominantiy 2,4-substituted) (a.i. = 100; r.i. = 86)

Sulphonic acid An alkyl benzene sulphonic acid, derived from SO3 (in liquid SO2) with a
source 1 molecular weight of 495 (a.i. = 100; r.i. = 90)

Sulphonic acid An alkyt benzene sulphonic acid, derived from SO3 (in liguid SO2) with a
source 2 molecular weight of 683 (a.i. = 76; r.i. = 70)

Sulphonic acid An alkyl benzene sulphonic acid, derived from SO3 (in liquid SO2) with a
source 3 molecular weight of 683 (a.i. = 96; r.i. = 84)

Sulphonic acid An alkyl benzene sulphonic acid, derived from SO5 (in liquid SO2) with a
source 4 molecular weight of 365 (a.i. = 97 r.i. = 90)



20 . The production of the overbased detergents according to the
present invention nmay be associated with evol ution of sul phur conpounds
such as hydrogen sul phi de and nercaptans, particularly when the detergent
i's required, woridegaar at i onal reasons, to be nmintai ned at elPCVEPY¥D2697
tenperature, such as above 130C, for extepgded periods, follow ng distilling
off the volatile materials and prior 25 to filtration to renove sedi nent.
Such evolution is undesirable because it interferes with safe and hygienic
pl ant operation. One way of preventing or aneliorating such evolution is by
olefin treatment at any stage in the prbMBEBon of the detergent. For
exanpl e, the olefin 30 can be incorporated at any stage of raw materi al
preparati on, neutrallsat|{ di stillation, or
period spent at el evated™Ten - ny N L he preparation
of the detergent. Incorporation durlng solvent distillation is preferred,
e.g. at about 13WfastantC. WO 97/ 46644 °°=°"Pf'°"

PCT/ EP97/ 02697 1- oIefln t hat n, or it ersion
in the deter geﬁ"f"’q‘gf“cg?' vat WZ% rhé'“l §"VL°|§ %E;Z "'déd(#gsuégh
olefins are thos®*&Fth hi g sub f utloh haV|ng fron118 to 60 carbon
atonms or nore. o3t deldC ewmlbss% &Rb&esﬁualam;ulsa&yﬁémg &ﬁ’%%ﬂé\ﬂ;heﬁaﬂ:als

olefin mxture hawicBd, ON AN @880, rR435Qr bon 5 atons; ol i goners of
butene. A suitable treat rate of the olefinis fromO.1 to 5 or nore mass/ %

based in the fiSslicyleastiddet ok spalivim alkyl saficylatel{TEN 6 87). (3. 4410k 548)

source 2

Salicylic acid An alkyl salicylic acid (a.i. = 100; r.i. = 70)

source 3
Salicylic acid An alky! salicylic acid derived from the acidification of salicylic acid source 1
source 4 (a.i. = 580; ri.=33)

~ Carboxylic acid Cekanoic acid, substantially C8 (a.i. = 100; r.i. = 100)
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Claims:

1. A calcium overbased detergent comprising a surfactant system
derivable, and preferably derived, from at least two surfactants other than (a) an
5 acid of the formula Ra-CH(Rb}COOH, wherein R® represents an alkyl or alkenyl

group containing 10 to 24 carbon atoms and rP represents hydrogen, an alkyt
group with 1 to 4 carbon atoms, or a CH2COOH group, or an acid anhydride, acid
chloride or ester thereof, and (b) a di- or polycarboxylic acid containing from 36 to
100 carbon atoms or an acid anhydride, acid chloride or ester thereof, at least one

10 of the surfactants being a sulphurized or non-sulphurized phenoi or a derivative
thereof and the other; or at least one other, of the surfactants being a surfactant
other than a phenol surfactant, the proportion, measured as described herein, of
the said phenol in the surfactant system being at least 35 mass %, and the
overbased detergent having a TBN : % surfactant ratio (as hereinbefore defined)

15 of at least 15.

2. An overbased detergent as claimed in claim 1, wherein the said
proportion of the phenol in the surfactant system is at least 45 mass %, preferably
at least 55 mass %, especially at least 70 mass %.

20 '

3. An overbased detergent as claimed in claim 1 or claim 2, wherein
the TBN: % surfactant ratio is at least 16, preferably at least 18, more preferably at
least 20, particularly at least 21.

25 4. An overbased detergent as claimed in any one of claims 1 to 3,
wherein the said propartion and the said ratio are at least 40 mass % and at least
18 respectively, preferably at least 45 mass % and at least 20.

5. An overbased detergent as claimed in any one of claims 1 to 4,
30 wherein the phenol is a hydrocarbyl-substituted, preferably an alkyi-substituted,
phenol.

6. An overbased detergent as claimed in any one of claims 1 to 5,
wherein at least one of the surfactants from which the surfactant system is
35 derivable is a sulphonic acid or a derivative thereof.

* c L M S *
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15

20

35

7. An overbased detergent as claimed in claim 6, wherein the sulphonic

acid is a hydrocarbyl-substituted, preferably an alkyl-substituted, aryl sulphonic
acid.

8. An overbased detergent as claimed in any one of claims 5 to 7,
wherein the total proportion of the said phenol and the said sulphonic acid in the
surfactant system is at least 75 mass %, preferably at least 85 mass %, especially
at least 95 mass %.

8. An overbased detergent as claimed in any one of claims 5 to 8,
wherein the surfactant system is derivable from at least one sulphurized phenol or
a derivative thereof and at least one sulphonic acid or a derivative thereof, the
proportions, measured as described herein, of the phenol to the sulphonic acid in
the surfactant system being in the range of from 35 : 85 to 95 : 5 mass %,
preferably 35 : 70 to 70 : 30 mass %, especially 40 : 60 to 60 ;: 40 mass %.

10. Anoverbased detergent as claimed in any one of claims 1to0 9,
wherein at least one of the surfactants from which the surfactant system is
derivable is a carboxylic acid, or a derivative thereof, other than a carboxylic
acid/derivative as specified in claim 1.

11.  An overbased detergent as claimed in claim 10, wherein the
carboxylic acid has 8 to 11 carbon atoms in the carboxylic-containing moiety.

12. An overbased detergent as claimed in claim 10 or claim 11, as
dependent on any one of claims 5 to 7, wherein the total proportion of the said
phenol, the said sulphonic acid and the said carboxylic acid in the surfactant

system is at least 75 mass %, preferably at least 85 mass %, especially at least 95
mass %.

13. - Anoverbased detergent as claimed in claim 10 or claim 11 as
dependent on any one of claims 5 to 7, wherein the surfactant system Is derivable
from at least one sulphurized phenol or a derivative thereof, at least one suiphonic
acid or a derivative thereof and at least one carboxylic acid or a derivative thereof,
the proportions, measured as defined herein, of phenol to sulphonic acid to
carboxylic acid being in the range of from 35 to 90 : 5 to 90 : 5 to 90 mass %;

preferably 35 to 80 : 10 to 50 : 10 to 50 mass %; especially 35to 70 : 1010 30 : 10
to 30 mass %.

I
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PCT/ EP97/ 02697 -42- Note g2 1. The sources of t he ol ,
sul phoni ¢ aci d, w?a"l”‘?,‘ﬁ m ﬁrlﬁeﬁxyl ic acid surfactant st¢E 7&%3?
1) are given in Table 3 b abl ea7-5 a.i. = the percentage by

mass of the surfactant-containing rraterl al as charged to the reaction
vessel that is not diluent oil. r.i. percentage by mass of "reactive
ingredient”, that is, percentage of 10 t he surfactant as

charged to the react n vessel over base eter S

associ ated with cal ci % 5 WPFe‘i)gemrB(ﬂsaﬁ'%ﬂ‘ Hﬁ@Wﬁ@et‘gF%'méé%P

i ngredi ent" hasmeyemat least mmnﬁthg surfadtants from which thet syrfactantisysteni ise

Surf act ant cont fidile R Glbfliak o nor-eufiba RBICERY BPh Bblhife oy

prepare overbdased detergents in accordance with the invention, in sonme

cases a proportion ol51t heAs ovérbased tetergent dsastaithedin claimael, wuei'éinhﬂié?sél%?h@
cal ci um conpoungglis aHdrdcaiBii-SubLtituted, preferably an alkyl-substituted, salicylic acid.

16. A calcium overbased detergent comprising a surfactant system

10 denvable and preferably derived, from at least two surfactants other than (a) an
acid of the formula R® CH(Rb)-COOH wherein R represents an alkyl or alkenyl
group containing 10 to 24 carbon atoms and RD represents hydrogen, an alkyl
group with 1 to 4 carbon atoms, or a CH2COOH group, or an acid anhydride, acid
chloride or ester thereof, and (b) a di- or polycarboxylic acid containing from 36 to

15 100 carbon atoms or an acid anhydride, acid chloride or ester thereof, at least one
of the surfactants being a suiphurized or non-sulphurized salicylic acid or a |
derivative thereof and the other, or at least one other, of the surfactants being a
surfactant other than a salicylic surfactant, the proportion, measured as described
herein, of the said salicylic acid in the surfactant system being at least 10 mass %,

20 and the overbased detergent having a TBN : % surfactant ratio (as hereinbefore
defined) of at least 11.

17.  Anoverbased detergent as claimed in claim 16, wherein the said
proportion of the salicylic acid in the surfactant system is at least 15 mass %,
25  preferably at least 25 mass %, more preferably at least 35% mass %, especially at

least 45 mass %, more especially, at least 55 mass %, particularly at least 70
mass %.

18.  An overbased detergent'as claimed in claim 16 or claim 17, wherein
30 the TBN: % surfactant ratio is at least 12, advantageously at least 13, preferably
at least 14, more preferably at least 16, especially at least 19, more especially at
least 21.

19.  Anoverbased detergent as claimed in any one of claims 16 to 18,
35  wherein the said proportion and the said ratio are 25 mass % and 12 respectively,
preferably 30 mass % and 13.

R



unreacted, non-salt, formin the liquid overbased detergent. In such cases,

20 t he percent ag}e_ of "reactive ingredient” wll be |Iower than the
percent age of "active 1 enReplged | n Table 2, Ph % Sulph % Sal %
and Car box %werse/dédae pj w ss of the phenol surfBCI/BPE7/02697

sul phoni ¢ acid surfact il aci d 425 surfactant and

carboxylic acid surfactant respectively (in hydrolyzed form, based on the

mass of the total surfactant (in hydrolyzed form associated with the basic

cal ci um conpound iS t he overbased detergent. WD 97/ 46644

PCT/ EP97/ 02697 - 449 TABDEVErbased detergentas slaimed i anypnesoficiaims 18 t,19.act ant

Descri pti on Rihersih tisosalioylid acidAs alydrosarbyldubstituted) prefetablysamalkgki zed from

sul phur dich | n (by mass) blend of tertiary nonyl

(tripropyl ené?gépt erelgl %‘?’gg‘gé‘é‘% nantly para- substituted) and tertiary

di nonyl phenols (predom nantly 2,4-substiuted). (a.i. = 70; r.i. = 40)

(Fj’hem)l sgar ce 2 24 suAnplovertrasedaletergentasclaimed/int drgsorecof dlain®s ‘E&ltdlﬁw,r)
ichloride a . r 7 t ene

phenol s (pr e%%?eﬂ'g% Fé)/%sé§¥%w @ﬁ%ﬁ%@mﬁﬁ%@ﬁ? gﬁ@%’?‘&%ﬁ?ﬁ'ﬁﬂ%nol S

( pr edoni nant dgrivable is,a suiphyrized or nen-sulphudzed phenol on g)derivatingt therenfce 3 A

sul phuri zed al kyl phenol, synthesized from sul phur nonochl ori de and a 65/ 35

(by mass) bl end byt er bl aekdiRt 4P YaFHE WP ISHPS, VRSHIRE AL

10 is a hydrocarbyl-substituted, preferably an alkyl-substituted, phenol.

23. Anoverbased detergent as claimed in any one of claims 16 to 22,
wherein at least one of the surfactants from which the surfactant system is
derivable is a sulphonic acid or a derivative thereof.

15

24. An overbased detergent as claimed in claim 23, wherein the
sulphonic acid is a hydrocarbyl-substituted, preferably an alkyl-substituted, aryl
sulphonic acid.

20 25. Anoverbased detergent as claimed in claim 14 or claim 15, as
dependent on claim 6 or claim 7, or claim 23 or claim 24 as dependent on claim
21 or claim 22, wherein the total proportion of the said phenol, the said salicylic
acid and the said sulphonic acid in the surfactant system is at least 75 mass %,
preferably at least 85 mass %, especially at least 95 mass %.

25

26. An overbased detergent as claimed in claim 14 or claim 15 as-

dependent on claim 6 or claim 7, or claim 23 or claim 24 as dependent on claim
21 or claim 22, or claim 25 or claim 26, wherein the surfactant is derivable from at
least one sulphurized phenol or a derivative thereof, at least one salicylic acid or a

30 derivative thereof, and at least one suiphonic acid or a derivative thereof, the
proportions, measured as described herein, of the phenol to the salicylic acid to
the sulphonic acid in the surfactant system being in the range of from 5 to 90
mass % : 10 to 90 mass % : 20 to 80 mass %; preferably 20 to 80 mass % : 20 to
80 mass % : 10 to 50 mass %; especially 30 to 50 mass % : 25 to 45

a5 mass % : 15 to 35 mass %.

27. An overbased detergent as claimed in any one of claims 16 to 26,
wherein at least one of the surfactants from which the surfactant system is

’ * C L M S *



para-substituted) and tertiary dinonyl phenols (predom nantly 2, 4-

substituted). (a.i. =72; r.i. = 40) Phenol source 4 A sul phuri zed al kyl
phenol , synthesi zed f r onrirhi % i de and a 65/ 35 (by mass) bl end
of tertiary norW‘D"(/iﬁﬁmro I‘ (predoni nantly para- Mf’?’&%‘%)
and tertlary di nonyl phen tly.4a.4- substituted). (a.i. = 70;
r.i. 34) Phenol source 5 A sul phuri zed al kyl phenol, synthesized from

sul phur nonochl ori de and a 65/ 35 (by nass) bl end of tertiary nonyl|

tri I
G nonyl phenol 59%“@6%&% AR f%%%“"%?ﬂé#&e%e?“%ﬁ%b% 20)
Phenol source 6acidjg M%slinmlgh Urized cal ci um al kyl phenate;
al kyl phenate source is tertiary dodecyl (tetra-propylene) phenols, | argel y

par e subst L uted (TN~ AR byotBshd darefgantof cemell b SHRLDL GRS,
tertiary non§l casopyligacidhes 8indisasbenatomsinthetcaboxylicpentainingmpietyd

tertiary dinonyl phenols (predom nantly 2,4-substituted) (a.i. = 100; r.i.
= 86) Sul phoni c aci

sgerr] (in liquid s%fefpﬁlﬁﬁﬁbﬁbe‘g B’Sgﬁﬁj‘l&ca'"?ﬁﬁlai‘iy de%éf.“&rdr‘fsrﬂ“@s

(a.i. = 100; r. which isGubstahtiallyfree fiamdnorganic halides obammoniumsais.andgmups,
derived fromsS source 2 nol ecul ar
wei ght of 683 Og?ééﬁ\pﬁi%ﬂéﬂ&ﬂ}eﬁﬁ&%bsm pwgbpga%m d An al kyl benzene

sul phoni ¢ ade derived from Sqerr] (inliquid Serr]) with a source 3
nol ecul ar wei ght of 883 (Anioverbagdéd detergenisal ciSimerhinrany ane af claimént tol 29,

benzene, sul Phonlupicitie SubSERIARFids By alchfoit Bl fould s dolrpatit 2

source 4 rmlde%nvc—:(f1 from ¢ &Iﬂ ric alcohols.

15 31. Anoverbased detergent as claimed in any one of claims 1 to 30,
having a TBN of at least 300, advantageously at least 330, preferably at least 350,
more preferably at least 400, especially at least 450.

32. Anoverbased detergent as claimed in any one of claims 1 to 31,
20 having a standardized TBN, measured as described herein, of at least 450,
advantageously at least 500, more advantageously at least 550, preferably at
least 600, more preferably at least 650.

33. An overbased detergent as claimed in any one of claims 1 to 32,
25 having a viscosity at 40°C of at most 20,000 mmzls, preferably at most 10,000
2
mm*/s,

34. An overbased detergent as claimed in any one of claims 1 to 30,
bhaving a viscosity at 100°C of at most 2000 mmzls, preferably at most 1000
0  mms, especially at most 500 mm?ls.

35. Anoverbased detergent as claimed in any one of claims 1 to 34,
which is a hybrid detergent.

35 36. An overbased detergent as claimed in claim 1, substantially as
described in any one of Examples 1, 3 to 9, 12 to 29, 36 to 38, 44 to 46, 51, 52,
55 and 57 to 59.

I
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(continued) Surfactant Descri pti on Sul phonic
acid An awoM7:dbenz en “NH‘“MI& ul d, derived from SJ er PETERSA262ui d
SJerr]) withasource wahpght of 440 (a.i. = 100; r.i. =
90) Salicylic acid A | ow base nunber cal cium al kyl salicylate (TBN = 64)
from Shell Chem cals source 1 Ltd. (a.i. =50; r.i. = 35) Salicylic
acid A sodium al sglicylate N=287). (a.i,. = 44; r.i = 44) source 2
Salicylic acid l%ﬁn a%?‘y%'s?ﬁf@;g%‘%%&%&a('m?di" stagm 18, F‘.’bs—ta%%"y?&ur ce 3
Sal i cyl i ¢ acidescribeg imaiy bne of Exginples:t; 18, dér29/mj5$.r59mmd1§0aemln.f i cati on of

salicylic acid source 1 source 4 (a.i. 50; r.i. 33) Carboxylic
id Cek [ d bst | |
o ot MO LS RHASIY AbtRohd s Sechis R s

surfactants s ymnpﬁstsdraa&hgwltmad operbasinglagentitasi hardinbefosendefinédaa mixture
surfactants oldigbridifs () @) s (c), wherein (a) is selected from (a1) and (a2):

(a1) atleast two surfactants other than (a) an acid of the formula Ra-CH(Rb)-

COOH, wherein R? represents an alkyl or alkenyl group containing 10 to 24

10 carbon atoms and RP represents hydrogen, an alkyl group with 1 to 4
carbon atoms, or a CH2COOH group, or an acid anhydride, acid chloride or
ester thereof, and (b) a di- or polycarboxylic acid containing from 36 to 100
carbon atoms or an acid anhydride, acid chloride or ester thereof, at least
one of the surfactants being a sulphurized or non-sulphurized phenol or a

15 derivative thereof and the other, or at least one other, of the surfactants
being a surfactant other than a phenol surfactant;

(a2) at least two surfactants other than (a) an acid of the formula Ra-CH(Rb)-

COOH, wherein R? represents an alky! or alkenyl group containing 10 to 24

20 carbon atoms and RP represents hydrogen, an alkyl group with 1 to 4
carbon atoms, or a CH2COOH group, or an acid anhydride, acid chloride or
ester thereof, and (b) a di- or polycarboxylic acid containing from 36 to 100
carbon atoms or an acid anhydride, acid chloride or ester thereof, at least
one of the surfactants being a sulphurized or non-sulphurized salicylic acid

25 or a derivative thereof and the other, or at least one other of the surfactants
being a surfactant other than a salicylic surfactant;

(b) atleast one basic calcium compound; and
30 (c) oil,

treatment with the overbasing agent being carried out in at least one step,
preferably at least two steps, at less than 100°C such that:

35 when the starting materials include (a1), the proportion, measured as
described herein, of the said phenol in the surfactant system of the overbased
detergent is at least 35 mass %, and the overbased detergent has a TBN: %
surfactant ratio (as hereinbefore defined) of at least 15; and

R D



acid of the forrmula Ra-CH(Rb)-COOH, wherein Ra represents an al kyl or
al kenyl group contai ni ﬁg—ke—t—e—ZA—e&rben—atorrs and represents hydrogen,
an al kyl group with 1t

ggar or a CH2COOH group, or
anhydri de, ac.dmnwmfue PREGA ~ and (b) a di- or p&‘?&‘?@%
acid containing from 36 t ﬂn ﬂ ons-sr an acid anhydride, acid
chloride or ester thereof of the surfactants being a

sul phuri zed or non-sul phurized phenol or a derivative thereof and the

other, or at |least one other, of the surfactants being a surfactant other
than a phenol surfactant, the proportion, neasured as descri bed here|n of

the said phenol in twhensthersiattingmatpralsingiude (a2); the psaportion, measwed 884 ¢ he
overbased det erdquyelb&dNefdn aoftﬁ’élsaﬂﬁgaueﬁncémtn thelsuffa¢tant Systemmof tier e

def d f
Wherein the sai VIR dREtoe ﬁ%‘@%ﬁ?@é’?‘g %QW Paé't"gg?" BEfergdhtedld™
| east 45 nass %er%fmmtaamaﬁswsm at lgasi/1 'bft | east 70 nass

% 3. An over based detergent as clainmed in cI ai m 1 or claim2, wherein

the TBN: % surfacta rat ast .16 referabl | t. nor e
preferably at |east ;fg ?F?ﬁ? P@"H?d f%ﬁ'&@" ?& *@#‘H@@ftﬂ'g@a"

det ergent as clwetbdsmgtaeept isreffectedmatatleast 15°C, prefenably atleart-25°%. d
proportion and the sald ratio are at | east 40 mass % and at | east 18

respectively, prefer | east 4

over based d& elrogent I"g ‘?ﬁsg Baé" sﬁ ‘almts"é !t'?'etﬁt'éF‘&Pﬁ\“?’Hé”'““
phenol is a hydﬂmmelnlyasmgmgemtuateﬁeaegra;ﬂeasatbaqmm.@dwmagepyslvﬂeaséban 60°
phenol . 6.  Ang Oy@mﬁwﬁt%éﬁrwct nibte prefefddf Atmasha0PCeand eSpatially st rhest5,

wherei n at Ieasé e surfactants from whi ch the surfactant systemis
derivable is a $®%honic acid or a derivative thereof.

15 41. A method as claimed in any one of claims 38 to 40, wherein the first
treatment step, and preferably the second or each subsequent treatment step, if
used, is followed by a heat-soaking step.

42. A method as claimed in claim 41, wherein heat-soaking is carried
20 out at a temperature, or at temperatures, in the range of from 15°C to just below
the reflux temperature of the reaction m|xture preferably
25 to 60°C.

43. A method as claimed in any one of claims 38 to 42, wherein a further
25 quantity of the basic calcium compound is introduced into the mixture between the
said two treatment steps.

44. A method as claimed in any one of claims 38 to 43, wherein
treatment with the overbasing agent is carried out in three or more steps, a further
30 quantity of basic calcium compound being introduced into the reaction mixture
before each treatment step after the first.

45. A method as claimed in any one of claims 38 to 44, wherein the
overbasing agent comprises carbon dioxide and/or boric acid.
35
46. A method as claimed in any one of claims 38 to 45, wherein the
starting materials and reaction conditions are such that:

R A



96A006f f -46- 7. An overbased detergent as
claimed in claim®6, wherein the sulphonic acid is a

hydr ocar byl - substituted, preferably an al kyl -substituted, aryl sul phonic
acid. 8. ANOJVdeshsed detergent as clained in any one of POCBERSSOBITO 7,
wherein the total proportion of the saidghenol and the said sul phonic acid
in the surfactant systemis at Ieast 75 mass % preferably at | east 85 nmss
% especially at |least 95 mass % 9. An overbased detergent as claimed in

21 cact “one. Z‘L"“%'Eer"f@s%‘%*ﬁﬁﬁsf*%vé'%‘?wiﬁevéﬁ JBo GYEHeR dRErGEM BB ¢ one
sul phoni ¢ acsnarastedstics as\apecified im ene or mara of pleupeattodﬁsandﬂ&mjsﬁcam

descri bed hewkémthecstaiting mdterials -ﬁmﬂ@cazgtdne%tsaseeldété@ehhﬁfg:; glct agg 20
5 P y

fgsggm ggl Prggsﬂsa?#tgg%t{?g%%gﬁq%?ﬁﬁs rr'ngég%%&e °£gpaﬂﬂ§gggﬁs’§§0 An over based

detergentd as clainmed in any one of clains 1 to 9, wherein at Ieast one of

the surfactants fgmom whurethdcms Qi inelint 38, i cFoﬁieédb‘éi’%lﬁE

car boxylic af %ﬂ gd deriva i:h thereo ot her an a carbox

aci d/ der i vatJ&P&TIRed Ny ene.gf the e An over based detergent as
clainmed in claim 10, wherein the carboxyllc acid has 8 to 11 carbon atons
in the carboxyli ontaa &\ t t. cl ai med
in claim 10 of C‘*g’.cm g“ﬁ*y%%e‘ﬁ%f“ﬁ o8 prep e g oo g 8 iR egin vy L
the total® pr sai d phenol, the said sul phonic acid and the
said carboxylic acid in the surfactant systemis at |least 75 nmass %

preferably at |eag SAdGESaséd SrESsifor Yorfpridifidah overbased detergent as

claimed in any one of claims 1 to 37 and 48.

15 60. A composition as claimed in claim 49 which is in the form of a
concentrate. -

51.  Alubricating oil comprising an overbased detergent as claimed in
any one of claims 1 to 37 and 48.
20
52. A lubricating oil as claimed in claim 51, which is suitable for use in a
marine engine.

83. Any novel feature described herein, and any novel combination of
25 hereindescribed features.
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95 mass % 13. An overbased detergent as clainmed in claim10 or claim1 1
as dependent on any one of clainms 5 to 7, wherein the surfactant systen1|s
derivable fromat |east one sul phurized phenol or a derivative thereof,  a

| east one sul phonic acid or a derivative thereof and at |east one
carboxygh%m90|d or a derivative thereof, the proportions, neasured as

defi ned "hérei n, of phenol ‘to sul phonic aC|d to carboxyllc acid being in the
range of from35 to 90: 5 to 90: 5 to 96A006f f

-47 - 90 masCiHimereferably 35 to 80: 10 to 50: 10 to 50 nmss % especial ly
35 to 70: 10to 30: 10 to 30 mass% 14. An overbased detergent as clai ned
I n any one. of clains 1 to 13, wherein at |east one of the surfactants from
whi ch the surfactaht systaleiuns odenbiagad idetérgent sarnptisingzesurfactant system

non- sul phuri | r d
dotergent as Zdaﬁqgliﬁge[éd%%ﬁ &Ffé?églﬁfe B,\ﬁgefrbr\ﬁa%t I¥§stttYVS s‘?{?{acté]rﬁs 8“@? RYF (DT
hydr ocar by - i of the: feamule BF-GHIR)-GAOH, kfghergmbB%‘wenme@ent%am alkyl pralkeny.
16. A calci l{j?b@ﬁ%ﬁ%ﬁﬁ dl@t%@%ﬁrb?ﬁ%mgam R0 $é';5tfe§65f%rﬁ d‘id@ér‘?@n alkyl =~
derivabl e, and 8 f?‘of % derived rom ﬁ t WO surfactarﬂ@1 ger taan
(a) an acid GOHRVIEGT IR Sareencaioms) OCG@"Z HighouR, 9T} 8¢ ydfide 85
-'cr)}r CIal kenyl grohigrideoot ester theerd6¥, and 28) aail-mrrpcﬂymrbomyird: &id coptairting from 36 to
ydrogen, an

an acid anhydﬁdé&rbgé%g@mﬁno&%néaé%?ﬁ tcg&r ée}g?ndg 5%(5%?%%@3fg%qggﬁ dHle
pol ycar boxy! iaf the surfactants being afstdmwszetdnommm-@uipbuﬁzad phenoloramdedvative
anhydri de. agherdofent e o?ﬁereﬁ & 1ebbeoRObinef! hﬁé%@@farﬁé bl $Y0kAGEANT S
bei ng a sul phuri ze n-=su urized sa |c acl

other than a phenol su actant the proportxon measured as described herein, of

~ the said phenol in the surfactant system being at least 35 mass %, and the
overbased detergent having a TBN : % surfactant ratlo (as herelnbefore defined)

of at least 15.

2. An overbased detergent as claimed in claim 1, wherein the said
proportion of the phenol in the surfactant system is at least 45 mass %, preferably
at least 55 mass %, especially at least 70 mass %.

} : : '
3. An overbased detergent as claimed in claim 1 or claim 2, wherein
the TBN: % surfactant ratio is at least 16, preferably at Ieast 18, more preferably
at least 20, particularly at least 21

4. Anoverbased detergent as claimed in any one of claims 1 to 3,
- wherein the said proportion and the said ratio are at least 40 mass % and at least
- 18 respectively, preferably at least 45 mass % and at least 20.

5. An overbased detergént as claimed in any one of claims 1 to 4,
wherein the phenol is a hydrocarbyl -substituted, preferably an alkyl-substituted,
phenol '

6. An overbased detergent as claimed in any one of claims 1 to 5,
wherein at least one of the surfactants from which the surfactant system is '
derivable is a sulphonic acid or a derivative thereof.
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dérivative thereof and the other, or at least one other, of the surfactants
being a surfactant other than a salicylic surfactant, the proportion,
measured as described herein, of the said salicylic acidin the surfactant
system being at |east 10 mass % and the overbased detergent having a TBN
% surfactant ratio (as hereinbefore defined) of at |least 11. 17. An
‘overbased detergent as clained in claim16, wherein the said proportion of
t he sal iggMberC acid in the surfactant systemgd.s at | east 15 mass %
preferably at |east 25 mass % nore preferably at |east 35% nass %
.especially at least 45 nmass % nore especially, at |least 55 nmass %
particul arly 7at | dssovarbased sletergest as slairned inakein &l sthergierthe asipHamicraddi n

claim 16 or G4 aiHpdtdecarBPestistindtBs, H@Era%lygﬁ %g@i—%ﬁﬁstft%&?aﬁ fs%ipq%)@éé?i&?a

advant ageously at” I east” 13, preferably at , hore prefera
| east 16, especially at |east. 19, nore especially at |east 21. 96A006f f

-48- 19. An overlgsed Alebesrbaséd detargeht@siciaimed in ang obk oflciinm 5l 10 18,

wherein th ' ' h id.rati 25 % and 12 .
Fespecti vel y WsePLPRIbL Boditiioh 8 iisdia' st 81 e sTRESuch e affinithes
cl ai ned i n arsyrfastandsysteai issatiéasty’ Simasstierpeferably atdéasty85 maasi%s, espeaially

hydr ocar byl - Ig tyett eferably an al kyl - substituted, salicylic acid.
21. An over?gi)ééé(ft?gt@gase% as clainmed in any one of clainms 16 to 20,
wherein at ‘| east one of the surfactants fromwhich the surfactant systemis

9. An overbased detergent as claimed in any one of claims 5t0 8, .
wherein the surfactant system is derivable from at least one sulphurized phenol or
a derivative thereof and at least one sulphonic acid or a derivative thereof, the
proportions, measured as described herein, of the phenol to the sulphonic acid in

" the surfactant system being in the range of from 15 : 85 to 95 : 5 mass %,
preferably 30 : 70 to 70 : 30 mass %, especially 40 : 60 to 60 : 40 mass %.

10.  Anoverbased detergent as claimed in any one of claims 1 to 9,
wherein at least one of the surfactants from which the surfactant system is
derivable is a cérboXylic acid, or a derivative thereof, other than a carboxylic
acid/derivative as specified in claim 1. |

11. ) An overbaséd detergent as claimed in claim 10, wherein the |
carboxylic acid has 8 to 11 carbon_atoms in the carboxylic-containing moiety.

12, An overbased detergent as claimed in claim 10 or claim 11, as
dependent on any one of claims 5 to 7, wherein the total proportion of the said
phenol, the said sulphonic acid and the said carboxylic acid in the surfactant N

_ system is at least 75 mass %, -preférably at least 85 mass %, especially at least
95 mass %. -

13.  Anoverbased detergent as claimed in claim 10 or claim 11 as
dependent on any one of claims 5 to 7, wherein the surfactant system is derivable
from at least one sulphurized phenol or a derivative thereof, at least one "
sulphonic acid or a derivative thereof and at least one Carboxylic acidora
derivative thereof, the proportions, measured as defined herein, of phenoltc ‘
sixlphonic acid to carboxylic acid being in the range of from 35t0 90:5t090: 5tc
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dérivabl e is a sul phurized or non-sul phurized phenol or a derivative
thereof. 22. An overbased detergent as clainmed in claim21, wherein the
phenol is a hydrocarbyl -substituted, preferably an al kyl.-substituted, ..
phenol .” 23. An overbased detergent as clainmed in any one of clainms 16 to
22, wherein at |east one of the surfactants from which the surfactant

syst em P&0@eri vable is a sul phonic acid or-€/-derivative thereof. 24. An
overbased detergent as clained i.n claim23, wherein the sulphonic acid is a

aeia. 25" agodbarn i Beisbidy 5570 80" & PO I sbriai b8 et
dependent on101tai3® :61®to 30 aass?e. or claim 23 or claim?24 as dependent on

claim?21 or claim22, wherein the total proportion of the said phenol, the -

said salicylic acid and the said sul phonic acjd in the surfactant systemis
at least 75 mass 9 pr &nepvasbgsad detesgentas claised/in aryane of cipigs Yitadsy o5

ass Od/o_ t26. -mﬁér@iﬁ%&b@éﬁd}ln@%ﬁgé%uﬁa@?nﬁé ﬁggﬁﬁhibnltﬁd; @hggéténtiéyﬁémgm t15 as
ependen on ,cl.al Qr alm /, Oor C | r C I m as epenae 0]
e oo" dRrpaeds AsuiniiPator Hartsdofifizad Safa e erd nE8 Rrb S ersd.

derivable fromat | east one sul phurized phenol or a derivative thereof, at

| east one salicyl yg acig aierﬂaé’ﬁ&é!@ééfrﬂ NGaRHd intaélgin‘?h'\%ﬂé.teir?g?e salicylic
sul phonic acid or ‘a derivative thereof, the proportions, heasured as"

descri bed hepgeidis ahydrmearyeaudpstitatedn prefarably n aliadisgbsttutet: salicyienadid. aci d
In the surfactant systembeing in the range of from5 to 90 96A006f f :

-49- mass % 10 tQ_90 mass % 20 80 mass % preferabl 0 to 80 mass %
20 to 96" Kcalcium over asec? detergento céjmprlselngaglur?actant system ’

derivable, and preferably derived, from at least two surfactants other than (a) an
acid of the formula Ra-CH(Rb)-COOH, wherein R represents an alkyl or alkenyl
group containing 10 to 24 carbon atoms and RP represents hydrogen, an alkyl -
group with 1 to 4 carbon atoms, or a CH2COOH group, or an acid anhydride, acid
chloride or ester thereof, and (b) a di- or polycarboxylic acid containing from 36 to
100 carbon atoms or an acid anhydride, acid chloride or ester thereof, at least one
of the surfactants being a sulphurized or non-sulphurized salicylic acidor a
derivative thereof and the other, or at least one other, of the surfactants being a
surfactant other than a salicylic surfactant, the proportion, measured as described
herein, of the said salicylic acid in the surfactant system being at least 10 mass
%, and the overbased detergent having a TBN : % surfactant ratio (as
_hereinbefore defined) of at least 11.

17.  An ovefb_ased detergent as claimed in claim 16, wherein the said
. proportion of the salicylic acid in the surfactant system is at least 15 mass %,
preferably at least 25 mass %, more prefer'ably' at least 35% mass %, especially at
least 45 mass %, more especially, at least 55 mass %, particularly at least 70
. mass %. -

18, Anoverbased detergent as claimed in claim 16 or claim 17, wherein
the TBN: % surfactant ratio is at least 12, advantageously at least 13, preferably

~ at least 14, more preferably at least 16, especially at least 19, more especially at
least 21. ' | | -

m
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80 mass % 10 to 50 nmass % especially 30 to 50 mass % 25 to 45 mass % 15
to 35 mass % 27. An overbased detergent as. clained in any one of clains
16 to 26, wherein at |east one of the surfactants fromwhich the surfactant
systemis derivable is a carboxylic acid, or a derivative thereof, othes
than a carboxylic acid/derivative as speC|f|ed inclaiml. 28.. An .

over baseadodet er gent as claimed in claim27;48wherein the carboxylic acid has
8 to 11 carbon atons in the carboxylic-containing noiety.- 29. -An overbased
detergent as clalned in any one of clains 1 to 28, which is substantially :

free from inorganil® haAnca@erbaseddelergantas alaimechin amvone obelagaeBiads,

derived fromuhegdinaRgrai o&tbn arfd tHY §4i836RE aA6 DEIraSsY %ﬂén@hﬁlré@gsbdtne@ny |
one of clains |c bstantlallyfreefromdlhydrlc al cohol’s
rlgHARG A0 s

and groups oP" om di hydric al cohols. 31. An overbased
detergent as cl ai ned |n any one of claims 1 to 30, having a TBN-of at |east

300, advant ageous at gg’éq I abl y
at | east 400, espgg al P d%@&ﬁ%@ é‘ii?tﬁ odvgia%@séédga rnqseﬁ{S%qga
clai ned i n ampessia toe sa gyhegaqd tsoa QYdFWﬂ@l@SH%&?@Q@fe@HYWIKWEaSur ed
as descri bedgliestRifed, 8blidfliclRapt 450, advantageously at |east 500, nore
advant ageously at |east 550, preferably. at |east 600, nore preferably at

| east 650. 33. An overbased detergent as clained in any one of clains 1 to

32, having a visc@sityAatovedbased detefgerit asmciainkl POshyoheof tlaims peadb@oabl y

of clai néolo%eg%ﬁtt%ﬁ?n% e BTt i B i uicBhEings ™

mierr]/s pdel‘mablbllgra phwgizedowoon-sulphurized phenol or a derivative thereof.

22.  Anoverbased detergent as clalmed in claim 21, wherein the phenol
isa hydrocarbyt-substltuted preferably an alkyl-substituted, phenol

23. An overbased detergent as claimed in any one of claims 16 to 22,
. wherein at least one of the surfactants from which the surfactant system is '
derivable is a sulphontc acid ora derivative thereof.

24.  Anoverbased detergent as claimed in claim 23, wherein the _
sulphonic acid is a hydrocarbyl-substituted, preferably an alkyl-substltuted aryl
sulphonic acid.

25, _ An overbased detergent as claimed in claim 14 or claim 15, as
dependent on claim 6 or claim 7,0r claim 23 or claim 24 as dependent on claim
21 or claim 22, wherein the total proportion of the said phenol, the said salicylic
acid and the said sulphonic acid in the surfactant system is at least 75 mass %,
preferably at least 85 mass %, espemally at least 95 mass %.

26. An overbased detergent as claimed in claim 14 or claim 15 as
dependent on claim 6 orclaim 7, or claim 23 or claim 24 as dependent on claim
21 or claim 22, or claim 25 or claim '26, wher-e_in' the surfactant is derivable from at
least one sulphurized phenol or a derivative thereof, at least one salicylic acid or
a derivative thereof, and at least one SUlphonie acid or a derivative thereof, the

~ proportions, measured as described herein, of the phenoal to the salicylic acid to
the sulphonic acid in the surfactant system being in the range of from 5 to 90

LT L .
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nmmierr]/s, especially at nost 500 nmjerr]/s. 96A006f f

50- 35.. An overbased detergent as clained in any one of clains 1 to 34,

whi ch is a hybrid detergent. 36. A nethod of nanufacturing a cal ciuni,

over based det ergent which conprises treating with an overbasing agent (as
her ei nbefore defined) a m xture conprising (a), (b) and (c), wherein (a) is
‘sel ect edsAessm (al) and (a2): (al) at |east-4wo surfactants other than (a)
an acid of the formula Ra-CH(Rb)- COCH, wherein Ra represents an alkyl or

Sy %o o 1 Riod hsbeh ! G 8k T e AT RS Ba RS
anhydri de, a@Oimabs 8 i de toS0esasy %, kepeciblly 30do B0)massits : 28 tpdbycar boxyl i c
acid contai nirﬁ'%sf%omég‘ﬁ: $5)m']a%g gzarbon atoms or an acid anhydride, acid

a .

chloride or ester thereorl, |'®ast one of the surfactants being a
sul phuri zed or non-sul phurized phenol or a derivative thereof and the

‘other, or at 'eaStZWneAQ{&%rbaQédHE r§ent KLIBM P?éﬁ}goﬁe%%fa?rﬁ&@}@tto?aé" an.

t han a phenol surfact ant; (a2 act ant s ot her

east h )
acid of the MierEINAtREaS{TRST. theg irpmwa élaeéy@‘ﬁpganéﬁyapwns or
al kenyl groupletivabi 1sla1®rﬂ>6xylimét.4dO@rra)dérwatmmhembfl?bth@ema?ﬁ@%aﬁbdkyﬁé ogen,

.an al kyl gro to 4 c or a.CH2COOH group, or an acid
anhydri de, Lé%ba@%ﬂ)%“ p%rpeéd]'qﬁgﬁaf and (b) a di- or polycarboxylic
acid containing from 36 to 100 carbon atons or an acid anhydri de, acid

chloride or ester jgher of oyeth é‘@aété?géntoés &8fned [ Al BrSwhetdid tife
sulphurlzed or non-sulp urlze sallcC
carboxyhc ac:d has 8 to 11 carbon atoms in the carboxyhc—contalmng moiety.

29. Anoverbased detergent as claimed in any one of claims 1 to 28,
which is substantially free from inorganic halides or ammonium salts, and groups
or compounds derived from such compounds.

'30.  Anoverbased detergent as claimed in any one of claims 1 to 28,
" which is substantially free from dihydric alcohols and groups or compounds
derived from dihydric alcohols

31, _ An overbased detergent as claimed in any one of claims 1 to 30
having a TBN of at least 300, advantageously at least 330, preferably at least '
350, more preferably at least 400, especially at least 450.

32, An overbased detergent as claimed in any one of claims 1 to 31,
having a standardized TBN, measured as described herein, of at least 450,
advantage‘ouély at least 500, more advantageously at least 550, preferably at
least 600, more preferably at least 650. |

33. An errbased detergent as claimed in any one of claims 110 32,
having a viscosity at 40°C of at most 20,000 mm2ls, preferably at most 10,000
2 .
mm*/s.

34. Anoverbased detergent as claimed.in any one of claims 1 to 30,

having a viscosity at 100°C of at most 2000 mm2/s preferably at most 1000
mm2/s especnally at most 500 mm?/s.
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acid or a derivative thereof and the other, or at |east one other of the
surfactants being a surfactant other than a salicylic surfactant; (b) .at
| east one basic cal ci um conpound; and (c) oil, treatnent with the . .-
over basi ng agent being carried out in at |east one step, preferably at

| east two steps, at |less than 100[err] C such that: when the starting

‘mat er i abesoobnicl ude (al), the proportion, measured as described herein, of
the said phenol in the surfactant system of the overbased 96A006f f

-51- detergent is_at least 35 mass % and the overbased detergent has a
TBN: % sur f act ant 3Pat | &n(Qverprses deferannt agaiaimad) inAnyene eheleims1 tadd, when

the starti nowhRSHEs i sphybrid\§btefigerita2) , the proportion, neasured as described
herein, of the said salicylic acid in the surfactant system of the ’

overbased detergent is at |east 10 mass % and the overbased detergent has
a TBN:. % surfact a86. r aA methes dfenanufbetuong aledicivetdpverbasged ldetergedfiwhich. A

net hod as cl gj, ) ' , LR LT e | ent
e o fected QBHspEEafhd B BaRioll SERATEES nitiiioérnfs B3 Mlagie™
met hod as cl eempdsing (a).dbirasd (o), wheseim(3Y s stleetedframéat hand (ad)t h t he
overbasing agent is effected at |ess than 80[err]C, advantageously |ess
than 60[err] C,. preferaply at nost 50[err]C .nore_ preferably t
40[err]C, antRBspetiesst iy §“m9nt§5{t3$rrﬂhé].” (§pan %"ﬁ@? O%Zaaé?@%ﬂba- any
one of clains 36 COGH, whbrsieiRP tdpredarits antalles toreikersd grouproshtainige altd y
the second or- each,unS§iuRts L& RO TRBtsdt® hylifogen, an alkyl group with 1 to 4
carbon atoms, or a CHoCOOH group, or an acid anhydride, acid chloride
or ester thereof, and (b) a di- or polycarboxylic acid containing from 36 to
- 100 carbon atoms or an acid anhy_dride, acid chloride or ester thereof, at
least one of the surfactants being a sulphurized or non-sulphurized phenol
or a derivative thereof and the other, or at least one other, of the
surfactants being a surfactant other than a phenol surfactant;

(a2) atleast two surfactants other than (a) an acid of the formula Ra-CH(Rb)- '
' COOH, wherein R® represents an alkyl or alkenyl group containing 10 to

24 carbon atoms and F{_b represents hydrogen, an alkyl group with 1 to 4
carbon atoms, or a CH2COOH group, or an acid anhydride, acid chloride
or ester thereof, and (b) a di- or polycarboxylic acid containing from 36 to
100 carbon atoms or an acid anhydride, acid_ chloride or ester thereof, at
least one of the surfactants being a sulphurized or non-sulphurized salicylic
_aCid or a derivative thereof and the other, or at least one other of the
surfactants being a surfactant other than a salicylic surfactant;

() atleast one basic calcium compound; and
{c) oil,

treatment with the overbasing agent being carried out in at least one step,
preferably at least two steps, at less than 100°C such that: '

when the starting materials include (a1), the proportion, measured as
described herein, of the said phenol in the sUr_factan_t system of the overbased

(T LT ————




used, is followed by a heat-soaking step. 40. A nmethod as claimed in claim
39, wherein heat-soaking is carried out at a tenperature, or at . -
tenmperatures, inthe range of from1l 5[err]C to just below the reflux- -
tenperature of the reaction mxture, preferably 25 to 60[err]C 41. A

met hod as clained in any .one of clains 36 to 40, wherein a further quantity
of the b&sdsg cal ci um conpound is introducediinto the m xture between the
said two treatnent steps. 42. A nmethod as clained in any one of clains 36
to 41, wherein treatnent with the overbasing agent is carried out in three

or nore st epgetergentisiaileapidfmays ¥, anddhe averieased detergrmdasa hgN: %

i ntroduced | BLAablant F&re{dsHerBinbetdre defihedporaciBakt ¢stamRnt step after the
first. 43. A method as clained in any one of clains 36 to 42, wherein the

over basi ng agent conprises carbon di oxi de and/or boric acid. 96 AQ06f f
-52- 44. A net howhes theastantidgimaterigisdneludé (aRhithe pBdpdrtiod,Ineataedias t he

materi avs | noFagioaddoreifAT e SRSl icBeda e Hitebll s "o
speci fi ed i nogeasedrstergent i atileast21G mass ‘%arandthe ovegbasedhdetangentitas a
starting mat egNRlog sbﬁ‘ébt@&‘ rét?c?g]as ﬁél‘éirfb\é%rtéa&eﬁ%eg?gfﬁg%t ffs

characteristics as specified Ih one or nore o to 35. 45. An
over based detergent prepared by a nethod as clainmed in any one of clainms 36

to 44. - 37. A method as claimed in claim 36, wherein treatment with the
overbasing agent is effected at at least 15°C, preferably at least 25°C.

38. A methdd_ as claimed in claim 36 or claim 37, wherein treaiment with

- the overbasing agent is effected at less than 80°C, advantageously less than 60°

C, preferably at most 50°C, more preferably at most 40°C, and especially at most
35°C. '

39. ~ Amethod as claimed in any one o_f claims 36 to 38, wherein the first
treatment step, and preferably the second or each subsequent treatment step, if
used, is followed by a heat-soaking step.

40. A method as claimed in claim 39, wherein heat-soaking is carried
out at a temperature, or at temperatures; in the range of from 15°C to just below
the reflux temperature of the reaction mixture, preferably
25 t0 60°C.. ' ' '

4. A method as claimed in any one of claims 36 to 40, wherein a further
- quantity of the basic calcium compound is introduced into the mixture between the
- said two treatment steps. ' | '

42. A method as claimed in any one of claims 36 to 41, wherein
treatment with the overbasing agent is carried out in three or more step_é,_ a further
~ quantity of basic calcium compound being introduced into the reaction mixture '
before each treatment step after the first.

43. A method as claimed in any one of claims 36 to 42, whe_rein the
overbasing agent comprises carbon dioxide and/or boric acid.

| ||I‘|I| |“I“ |||“ “Ill “ |Ill o R | :~... ..:. i
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46. An oil-based conposition conprising an overbased detergent as clained
in any one of claims 1 to 35 and 45. 47. A conposition as clainmed in claim
46 which is in the formof a concentrate. 48. A lubricating oil conprising
an overbased detergent as claimed in any one of claims 1 to 35 and 45. 49,
A lubricating oil as clained in claim48, which is suitable for use in'a
mari ne gigdne. 50. A nethod of |ubricating2za marine engi ne which conprlses
suppl yi ng to the engine a lubricant oil as defined in claim48.

44. A method as claimed in any one of claims 36 to 43, wherein the
starting materials and reaction conditions are such that:

when the starting materials include (a1), the overbased detergent has
characteristics as specified in one or more of claims 2 to 15 and 29 to 35; and
when the starting materials include (a2), the overbased detergent has
characteristics as specified in one or more of claims 17 to 35_.

45.  An overbased detergent prepared by a method as clalmed in any
one of claims 36 to 44.

46. An oil-based composition comprisihg an overbased detergent as
claimed in any one of claims 1 to 35 and 45.

47. A composition as claimed in claim 46 which is in the form of a
concentrate. '

48. A lubricating 0|| comprising : an overbased detergent as cla|med in
any one of claims 1 to 35 and 45

49.  Alubricating oil as claimed in claim 48, which is suitable for useina
marine engine. -

. 50. A method of Iubncatlng a marine engine whnch comprlses supplying -
to the engine a lubricant oil as defined in claim 48.

LT
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