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(54) Title: LOW BASE NUMBER SULPHONATES
(57) Abstract

Low base number (LBN) sulphonates derived from high molecular weight sulphonic acids have low viscosity, are chloride free and
are not skin sensitisers. In their preparation, neutralisation of high molecular weight sulphonic acids or partially neutralised soaps of high
molecular weight sulphonic acids is completed by the use of a high base number sulphonate in conjunction with a carboxylic acid. The
process does not require the use of chloride containing promoters and produces low chloride products which do not skin on exposure to air.




vi scosity soaps or high viscosity sul phonal es are produced whi ch have a €{
| ower than expected base nunber. One way of overcomng this, as indicated
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PCT/ EP96/ 00812 t he base nunber of the product. However this addition of
for example excess Ca(OH)[err] produces free hydroxyl | eved to
be associ MEW2Ph a skinning ef fect yon exposure to air Wﬁ‘ ace of
t he sul phonate. Skinning is an undesirable property of |ow base nunber
sul phonates. Viscosity can be controlled to sone extent by the addition of
hal i de as outlined above. US 4 764 295 discl oses a process for the

production of | ow base nunb ngﬂ ﬁ{tf'e? oni ¢ acids which have
al kyl ‘radicals of (err] toE err RP e procgss teﬁhi ses chloride
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whi ch haveccnrosiorrn been prepared for exarrpl e by the sul phonation of Cerr]
to CJerr] alkyl substituted benzene, or xylene or toluene conpounds and

m xtures thereof. It has been found that sonme synthetic sul phonic acids are
di ffi cul t Neutrl @nddewdhasginumbep sulpRanales ferise ameih addyesarausyallve o
produce s\ prppareal msthelimettralisationat @ceuilphdnic acidwitt & basictsalt sticheasa bdsic
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P sulphonate product may be a mixture of a number of specles In addition

dispersed calcium hydroxide may be present.

The product of this process may display some basicity, for example if the basic
salt is added in stoichiometric excess to that required for complete neutralisation
of the sulphonic acid, or some other basic component is present. The product in
this case is said to be overbased.

The neutral metal salts of typical sulphonic acids are extremely viscous materiais
and would have a TBN, as measured by ASTM D-2896, of zero. Methods have
been sought which permit lower viscosity products to be prepared. This has been
achieved by the incorporation of chloride, formate and hydroxide ions into the
product. The products of these techniques are not fruly neutral but are sllghlly
overbased in that they contain more base than that required to react
stoichiometrically with the sulphonic acid.

in particular, it is difficuit to produce low base number sulphonates from synthetic
high molecular weight sulphonic acids, ie synthetic acids of average molecular
weights of 500 or greater, which also have low viscosity. If this is attempted, high
viscosity soaps or high viscosity sulphonates are produced which have a lower
than expected base number. One way of overcoming this, as indicated

previously, is by adding more base which tends to reduce viscosity and increase
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problFem when tryi ng to prepare Neutral or Low Base Number Sul phonates from
such sul phoni c acids. Mithads have been proposed-to overcone this problem
associ ated with synthetic sul phonic acids. One such nethod for sul phonic
aci ds of nol ecul ar wei ght 480-540 is described in GBB 1 575 957 wherein a

| arge stoichionmetric excess, over that required for neutralisation of the
sul phoni ¢ acwismereal ci um hydrOX| de is_ added to a portion Sﬂmzphoni C
acid in a diluent to produce a reaction®m xture: the remai nder of the

sul phonic acid is subsequently added to the m xture, this addition being

| ess than that which would be required to fuIIy react wth the remaining

cal cium hydroxide in the mxture, In addition
3 e bage pumber of the product. However this addmon of for example excess
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certain sul phosomeamiteltt bythb addition of halidecassoutiiiethalsoveci ds. The addi tion of
chloride pronoter prevents the formation of gel ati nous products; however,
the final product contains chloride. The presence of chloride in caIC|um

sul phonat es 4h4 J184c295 disclpses a prasass for thepradyetinn @fHPWrQﬁPd"UMQre di sposal
and envi r onmgiiph onatésmcrﬁfsulphamc adldswiticihavd alkyinadicalstof|
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based on chl Jhedyoduets hiane nejativehplovr viscssity butgantain shioridepr obl em it woul d
be advant ageous to be able to pr oduce chloride-free | ow base nunber

sul phonat es er i sul phoni c
acids wt hou?ﬁﬁﬁggg nﬁfntbp &Bg t?%g #ﬁ@%@%ﬂegigoiﬁa\%ggﬂt h the use
of chloride ineutralisatiomwitit excess base (averhasing) followedtby.casbonatione Eypinadiv
probl ens, | OWhéaﬁthHmd ﬁweabaﬁﬁu%tﬁ%s@baac lmal e er hﬁir&fiﬂé'lﬁ hse the
ski n, whlch na é)‘ 2%9]11 cal rObmeFﬁfﬁr tﬁoeeéﬁ 8@(&hem
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“a material tdolnetal cacbonate via carbmatps érapvsallﬁ hedeagtions capriad-outimthe ng.
presence of hydrocarbon and/or polar solvents such as toluene / methanol and
_diluent oil; some or all of these solvents may be subsequently removed. The
resulting product_ is a colloidal dispersion, in a diluent oil, of sub-micron particles of
CaCO, and Ca(OH), which,are sterically stabilised by the calcium suiphonate
species produced by_the reaction.

Sulphonates have been prepared from synthetic sulphonic acids which have in
turn been prepared for example by the sulphonation of C,, to Cy+ alkyl substituted
benzene, or xylene or toluene compounds and mixtures thereof. It has been
found that some synthehc sulphomc acids are difficult to neutralise with for
example calcium hydroxide or lime :tq proqqge sulphonates which have acceptable
properties; the attempted neutralisation results in the production of gelatinous
products which for example are solid at room temperature. This is a particular
problem when trying to pr_e'pare Neutral or Low Base Number Sulphonates from
such sulphonic acids. Méfho;!s have been proposed to overcome this problem
associated with synthetic sulphonic 'acids One such method for sulphonic acids
of molecular weight 480-540 is described in GB 1575 957 wherein a large
stoichiometric excess, over that requured for neutralisation of the sulphonic acid, of
calcium hydroxide is added to a portion of the sulphonic acid in a diluent to
produce a reaction mixture: the remainder of the sulphonic acid is subsequently
added to the mixture, this a;j_diti:on_bei!ng less than that which would be required to
fully react with the remaining calcium hydroxide in the mixture. In addition a



Thus, a need exists for | ow base nunber sul phonates and net hods for nakihg
such sul phonat es whi ch do not have the foregoing problens of high levels of
y ydr oxyl ’
i on and skinning, and whi ch do not dlsplay skin sensitisation problens.
Furthernore, a need exists for lubricating oil formulations which have | ow

| evel s of phosphorus because it may contam nate automb% tic
converter M#gﬁbl son the catalyticgmaterial. One of th énl ficant
sources of phosphorus in lubricating oils are antiwear agents such as the

zi nc di al kyl di t hi ophosphates. However, it is difficult to fornmulate with
reduced |evels of such antiwear agents and inprove or maintain acceptable
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pref er ably 1189, §dthid be advantageous to be able to produce chioride-free low base
number sulphonates especnally those derived from htgh molecular weight
sulphonic acids without a loss of the ‘beneficial properhes associated with the use

of chloride in their manufacture

In addition to the above mentioned problems, low base number sulphonates have
also been found to sensitise the skin, which may lead to der"rn'at'plogical probiems
for those exposed to them during handling, or to requirements for specific
handling. This tendency of a material to be a skin sensitiser is determined by skin
patch testing.

~ Thus, a need exists for low base number sulphonates and methods for making
such sulphonates which do not have the foregoing pfoblems of high Iev'eis'of
chloride ions, high viscosity and sediment, high levels of free hydroxyl |on and
'skmmng, and which do not dlsplay skin sensmsataon problems

Furthermore, a need exists for lubricating oil formulations which have low levels of
phosphorus because it may contaminate automobile catalytic converters and
poison the catalytic material. One of the most significant sources of phosphorus
in lubricating oils are antiwear agents such as the zinc dialkyldithiophosphates.
However, it is difficult to formulate with reduced levels of such antiwear agents
and improve or maintain acceptable antiwear properties.

According to the present invention there is p‘roﬁded a calcium or Group 1 metal
low base number sulphonate composition comprising from at least 10%,
preferably at least 20%, by weight of ‘at least one high molecular weight



| ess e.g. 300 ¢S or |less, nost preferably 150 cS or |ess and nost
preferably in the range .30 - 100 ¢S (1cS = 10[-exr]nferr]sferr]) "Lowin
hal i de i ons" neans having a chloride content of 100 ppm by wei ght or |ess,
preferably 50 ppmor |ess and nost preferably 20 ppmor less. "Lowin
hydroxyl " means having 0.5% by wei ght or |ess based on the total weight of
t he conposi t wo9ene®wf er ably 0. 25 % by I ght or less and rm?f’rm |y
0.1 to 0.2% by weight or |ess of hydroxide expressed as the Ca or Goup 1
metal hydroxide. The terns "l ow base nunber” and "high base nunber"” as
used to defi ne sul phonates shoul d be understood in reI ation to ASTM
D2896- 88 "Standard Test Method f Base Nunber of Pet Ieum Product,s by
Pot ent i onet r PuiPPRARR %m%a'/s@mp*v%t? apd gjluent; §m!'bt§"9 ate cormpesition o g
with the det isrlowrinhydnmxylt ahd iowindalisieiions Sush iacomgositioaldoesmud fiortrs alskin
pot enti onet rbﬁe&&%ﬂ'&'ﬁ?ﬁ (W th perchloric acid in glacial acetic acid. The
result of thrs od is quoted as a base nunber which is the base
equi valence in mg KOH g[err]. Thus the term "l ow base nunber” refers to
nunerical valniafurttfer@spectitheinventiin provides d methodfanthereparifibh gfarr] and

o oremor ERSHAL GSIRT ekl b eR:ihod St syl 1 Ch
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PCT/ EP96/ 008ihautralusbu®hap thergof, GAA a carbouylib avidiwitti 8 highuaselnurfibero basi ¢ or
aci di ¢ const %@ﬁgﬁ&ecan be detected by titration. "H gh nolecul ar weight
sul phonate " a sul phonat e whi ch-has been prepared fromthe

neutral i sat ion of a high nol ecular wei ght sul phonic acid as defined herein
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sul phoni ¢ acmj:tal@ulphtbnat&aryl sul phoni ¢ acid. The hi-gh nol ecul ar- wei ght
sul phonic acid nmay be a single high

It is also preferred that the kinematic viscosity of the low base number sulphonate
composntlons at 100°C is less than 1000 centistokes (cS) preferably 700 ¢S or
less e.g. 300 ¢S or less, most preferably 150 ¢S or less and most preferably in the
range 30 - 100 cS (1 ¢S = 10°m’s™).

“Low in halide ioné"' means having‘ a chloride content of 100 ppm by weight or
less, preferably 50 ppm or less and most preferably 20 ppm or less.

“Low in hydroxyl" means having 0.5% by weight or less based on the total weight
of the composition, preferably 0.25 % by weight or less and most preferably 0.1 to
0.2% by wéight or less of hydroxide expressedf as the Ca or Group 1 metal

- hydroxide. - '

The terms "Iow base number‘ and “high base number” as used to define
sulphonates should be understood in relatton to ASTM D2896-88 "Standard Test
Method for Base Number of Petroleum Products by Potentiometric Perchloric Acid
Titration". This test method is concemed with the determination of basic
constituents in petroleum products by pOtentiomet(ic titration with perchloric acid in
glacial acetic acid. The result of this test method is quoted as a base number
which is the base equivalence in mg KOH g, Thus the term "low base number”
refers to numerical values of base number which are less than 50 mg KOH g™ and
the term "high base number” refers to numerical values of base number which are
greater than 50 mg KOH g’ and may be as high as 400 mg KOH g™ or even



nol ecul ar wei ght sul phoni c acid.or it may be a mxture of different *
sul phonic acids, that is a mxed sul phonic acid. The m xed sul phonic acid
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aci ds whi ch have a nunber average nol ecul ar wei ght of 500 or ﬁreagzr

preferably 600 or greater. The m xed sul phonic acid may be a xture of

hi gh nol ecul ar wei ght sul phonic acid or acids, wth | owe ul gr wei ght
sulphonlc‘ﬂE?ﬂuﬁp aci ds whi ch have asnunber average nol ecul ar WEIght of

| ess than 500. When the mxture is a m xture of high nol ecul ar wei ght

sul phonic acid or acids and | ow nol ecul ar wei ght sul phonic acid or acids,
the proportion by mass of high nolecul ar wei ght sul phonic acid(s) in the

mxture i Sh@heﬂ@Q%O@%(%u(ﬁh%ﬁfeﬁ?'n\éu@ﬁ% A8 BaR o aRidid &Erﬁilmen?é%n Be i s such
that the n Q&VS’ aage nol ecul ar wei ght of the-m xture is 500 or greater

and nost p 0800 or greater. Nunber average nol ecul ar wei ght may
be determ ned by avail abl e techni ques such as that described in ASTM

D-3712. tng Iﬁﬁrﬁgﬁtw&ﬁdﬁﬁt 'rﬂéhrrglésn héhatdQIHIEH has'begipni ¢ acid is

an al karyl | C nzene, sul phoni c
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al so pref edefmédthwetmttelove a mxed sul phonic acid of (Jerr] to C[err] and
hi gher al kyl benzene or C[err] to CJerr] and higher al kyl xylene or CJerr]

to Jerr] gnd hi r al |l uene sul honi ¢ aci'ds or, m xtures of these.
Wen a | owdHaRH) Q&Fgﬁ‘ffph?ﬂlcp?ﬂ egns faviag guaher averages oy ef er abl y
an al karylmelelcplaowetgh&of S0 adgreatdr, pneﬁéreblytﬁ()ﬂargreatbqrbemg aﬁ:[odrsno}uhle) Cerr]

d high I | kyl I
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use i s kept
PCT/ EP96/ Cﬂféﬂ@ molecular wetght sulphonsc aclds ie sulphonic acids vgnch have.ganumbes: i on

which is benteiragechoteaular maighd toé 500 ongtdater prefenablg 600 ar greatght The miixeadonat e
ggir Id\s/egnzi rﬁ\/?\ﬁﬁﬁ&?ﬁr?gga%ﬂﬁbe a m-mﬁréjéﬂilﬁﬁ %@I&Wt‘eﬁhﬁﬁmc‘!‘@bla% acidsphoni c
1t vper mo?ecular we:ght sulphonic acid or acids whlch have a number average
molecular weight of less than 500. When the mixture is a mixture of hlgh )
molecular weight sulphonic acid or acids and low molecuiar weight sulphonic acid
or acids, the proportion by mass of high molecular weight sutphonic acid(s) in the
mixture is at least 50%, preferably 60% and most preferably 75%, or is such that
the number average molecular weight of the mixture is 500 or greater and most
preferably is 600 or greater. Number average molecular weight may be
determined by available techniques such as that described in ASTM D-3712. -

It is preferred that the high molecular weight sulphonic acid is an alkary! sulphonic
acid such as for example an alkyl benzene sulphonic acid, alky! toluene sulphonic
acid or alkyl xylene sulphonic acid. It is also preferred that it is a mixed sulphonic
acid of C,s to C,, and higher alky! benzene or C,, to Cgyand higher alkyl xylene or
C.s to Cgand higher alkyl toluene sulphonic acids or mixtures of these.

When a lower molecular weight sulp_honi'c acid is present, it is preferably an’ '
alkaryl sulphonic acid and most preferably a mixture of C, to C;,and higher alky!
substituted alkyl benzene or alkyl toluene or alkyl xylene sulphonic acid. The '
aikyl group may be branched or straight chain. It is preferred that the lower
‘molecular weight sulphonic acid has a number average molecular weight of at
least 300, preferably at least 350. When low molecular Weight sulphonic acids
are employed. it is preferred that their use is kept to a minimum to avoid skin



nmol ecul ar wei ght sul phonic acids are those which are derived fromaronatic
al kyl ates prepared fromClerr], Cerr] or (Jerr] polyolefins such as

pol yet hyl ene, pol ypropyl ene or pol ynormal butene. It is nost preferred
that they are prepared from polynormal butene. It is also possible to
prepare straight chain | ower nolecular weight sul phonic acids from
aromati c al kybasmsegr epared from strai gg'nt chai n hydr ocar b

linear [err]-olefins.  Wen the sul phonhic acid is a m xed sul phonic acid
and is derived frompolynormal butene, it is preferred that it has a
nunber average nol ecul ar weight of at |least 600 and preferably 600 to 700.
The diluent may be any suitable inert non-volatile ol eagi nous material or
mxture of seosilsation whiehisheligvad fRerigingte feom the lowmgiqeulasavgighteum oi | or
it may be a golphoniate dérived friom theseiabids. Wi t h | ubricating and fuel oils. If
desired the high nolecul ar weight sul phonic acid or m xture of sul phonic
acids may be used in diluted formas a solution,or gi ersion.in-a diluent
such as ni nerfie psefespdihigh melesular weight sulptipnig acids gp H‘%{}"ﬁf??%l'%""?rnert
olheagi n(r)]uzI rr?h@éd;mér_ Wéigﬁmulﬂiﬁnica%iﬂbe{jéj{tgisgmm am&aiveslﬂqrhmnlaﬁc UFEd in
t he net hod of - y _ g L, | nmol ecul ar
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manuf act ur e ipolyprepylenser polynermathutenes dis mast prefesrad thal they.are prePaed i s to
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the final | owhaiskydrocarbens sugha ag pletin®t and, inportantly, to supply
base to react with the added carboxylic acid to produce the required netal

carboxyl ate t rovid he _required ' fok.the. ). o r
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al | of any | dwtens,ddsipeeferred that it has pivember avaragemaigcular weighkofiatieast he | ow
base number sggoiRgrefsralh 60090 7pp0esent invention. It is preferred that the
hi gh base nunber sul phonate is derived fromthe sane high nol ecul ar wei ght
sul phonic acid as used to prepare the | ow base nunber sul phonate’of the
present i nventheodiluent may beranysuitableinamt nopvolatis olegginous materialel Mgt e

has a TBN of gkQRatefiald'sBieh 85 aahiherdl oF sprithbee b petiisur bil op itandebe a solvent

‘F’,‘QT? Efpsg%g g Which is miscible with ldbricéting_ and fuel oils. f desired the high molecular

weight sulphonic acid or mixture i:_f s_UIpht_)nic acid_s may be used in diluted form as
a solution or dispersion in a diluent such as mineral or synthetic oil, petroleum oil,
or any suitable inert oleaginous ma‘terial or solvent.

The high base number sulphonates used in the method of this invention may'be
derived from low or high molecular weight sulphonic acids as hereinbefore defined
and whose method of rhanufacturé is discussed above. Their function in the
present method is to supply some or all of the base needed in the process for the
neutralisation of high molecular weight sulphonic acid or partially neutralised
soap, to Supply a pbrtion of neutralised sqlphbnic acid for the final low base
number sulphonate product 'and,' impdftantly,_ to 'supply base to react with the
added carbbxylic acid to 'p'r'odu_ce the reqUire_d metal carboxylate to provide the
required base number for the low base number sulphonate. The high base
number sulphonate may be the source of sdfrie or all of any low molecular weight
sulphonic acid which is present in the low base number sulphonates of the
present invention. It is preferred that the high base number sulphonate is derived
from the same high molecular weight sulphonic acid as used to prepare the low
base number sulphonate of the present invention. It is preferred that the high
base number sulphonate has a TBN of 1_00' or greater and most preferably 200 or
greater. | |



The primary source of base for preparation of the high base nunber *
sul phonate or for the preparatlon of the partially neutralised soap as used-

-+—t-he—ethed—of—t+he—present—rmventtT oM or Tor tne adirect neutralisation of
sul phonic acid in the method of the present inventionis a Ca or Goup 1
oxi de or hydroxide and nost preferably is a cal cium hydroxi de or oxide.

The excess base which is present fromthe high base nurrgam?whgnate
reacts WWOI¥Icar boxylic acid pré@ent produci ng a carboxylate. Most of

t he excess base is converted to carboxyl ate. However, any excess base which
does not react will remain as basic carbonate fromthe high base nunber

sul phonate. As the excess base in the process is derived fromthe high base

nunber sul phonate and is in the formof carbonate, there is little or no
free hydroxyl present in the final product. . The-carboxylic acid is

essent i al ThePTmaRsaurce| base ferprepargtion) ofthe highbese-rumbaesulphenste on of
sui t abl e feegheqreparation bftheipartily Peatralisddiscablasaiedan the medRidisF the e

2 oo gt SR BP e rdet iR P s HBASHE BB i Bl 0 °1 ! 0
‘These acitie prespnbinvention is@ Ca or Group bpxige|of hydsoxide,and:mast preferabligjs nay be

al i phati c‘aﬁlc,aﬁgwbﬁdgbrggaéal h heteroatons such as for exanple sul phur
al t hough carboxylic aci ds-which contain heteroatons-other than oxygen are

not preferred. The suitabl-e carboxylic acids nmay be saturated or
unsat ur afThe excess basewhich is present fram the bigh base inumbies sulphsnateasaets

monocar bwthecﬁmdi@nwah%ehtp?ﬂ&mﬁ g dhd emuseam@%ess Bgééls such

f f d
monocar bk GTeried g caitayiale, Hoeugr. %ﬁkpreﬁfﬁb% gk speE hafreac Wl | 2 e
di car boxyemeireas basi¢ catbouate|frane the high basenoumbeswphgnate. 85dhe pxessar boxyl i ¢
aci ds sugRsa® ftﬁ! :%Eéé(;@%%eﬂ%éd frémake Hig hrB’aIsellﬁmﬂfér%ul Bﬁﬁfd (ﬁ@'n@thead' pi ¢

1ri o adoth olsprhof) e ke g Caéxfrg?fxs r%%ﬁmstn'reh‘c alfrpgogl, ~ " ©

thioglycolic acid. Suitable aromatic acids incl ude ben20| c acid, phthallic

acid and T?\%'da? éﬂﬁﬁii?ﬂjgg& éh%tﬁ rlSwQﬁH&SQa ﬁ'l%dﬂ&tsh J F%emiy be

used in pI acl ] rid phthal l'ic
anhydr | a8elEtaRPEsuE %@X éﬁﬁ@ﬁ@f it aibcarbonyic B0 ArBoxy 1 1 ¢ aci ds
or their saithbler iSthitabletdaeboxylic amdsafoetmedrabesaate)thplsem which the Caugrci ni ¢ aci d

or its agi}ﬁ %P?ﬁ%taﬁ éé]tst&%é)éaﬂ%?éaﬂeaé Pi 612 l'-ﬂ?‘@ﬂé' %F%ﬁgﬁ@gr boxylic

acid or ac S t uce

{
col | of daft? <i6 tir OF PRV TS SheomaY bk AiRBatl SkaTemaVen ¢ he
process of comalrphe!ematomsn suctt asfor ezarhplecstﬂphur although carboxyllc acids

which contain heteroatoms other than oxygen are not preferred. The suitable
carboxylic acids may be saturated or unsaturated, ie contain a carbon to carbon
double bond. Suitable monocarboxyhc acids include lmear or branched

| monocarboxyhc acids such as for example formic acid, acetlc acid, and proplomc
acid. Preferred monocarboxyhc acids areCqto Cg monocarboxylrc acids.
Suitable dlcarboxyhc acids include lmear or branched Coto Cg dicarboxylic acids
such as for example oxalic acid, maleuc acid, fumaric acid, adipic acid and succinic
acid. Suitable tncarboxyllc acnds mclude for example citric acid. An example of a
suitable sulphur contalmng acid i is thloglycolnc acid. Suntable aromatic acids
include benzoic acid, phthallic acid and sallcyhc acid. A correspondmg anhydride
or half ester may be used in place of the dicarboxylic at_:ld ‘e.g. succinic anhydride,
phthallic anhydride or maleic anhydride. The preferred acids are dicarboxylic
acids or their anhydrides; the most preferred dlcarboxyllc acad is succinic acid of
its anhydrlde

In the process of the present invention the cérbb_itylic acid or anhydride reacts to
produce a metal Carboxylat'e'whit:h may be colioidally dispersed within the
sulphonate soap in the product. In the process of the present invention, sufficient
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PCT/ EP96/ 00812 hi gh_base nunber_sul phonat e—and..car boxylic acid are used
to generate enough netal carboxylate to provide a total base nunber for the
conposition of between O - 50 ng KOH g[err], nost preferably between 0 - 30
nmg KOH g[err]. The carboxylic acid, overbased hi gh base nunber sul phonate
and hi gh nol woseasorwei ght sul phonic acid or soap may be addedi/Ersetongs2
reaction in any order. The high base nfier sul phonat e can be added pri or
to the carboxylic acid or conversely the carboxylic acid can be added prior
to the high base nunber sul phonate. In one enbodi nent of the nethod of the
present inveption a | ow base nunber sul phonate can bed?'reepared directly

from t he neuhigh basenypbessuiphongtesandcarhoxic asidane usedloiganeratelenoughc aci d
usi ng a hi ghnietalcarbodytate to!provivesd totallbase maniber ferthe Compositiohof batwde e

nunber sul ph Q@oﬁm he.sp i ghl 4l i sed soap which
has been plroegare ronﬁ?hbﬁ‘(rag%@f&%&g?em% %"X%Bﬁﬁéwel ght sul phoni c
acid and hydrated linme, CaO or CaCJerr] or simlar. This partially
neutral i sed Therartoxylieacidcowrbasel I’iiPh babe aUmbeF SulpHERGe ahid MG AfdiEcutardt hout

Aternativel fﬁ@ sQiphbf e br &b i S @‘?S%i‘t R Ber L G oV gl hESnG
wat er bef or ehighhasg numbersyipkionate sanberaddedprigrde the catbonylicacidior ext ent of

neutral i sat i eonwdrsély the>arbbrjliclacibedr Bé h88ed Eﬁapt_d the high baddl flimbér " equi r ed
to accommdagglgﬁplf‘éthm ent of the base fromthe high base nunber sul phonate
ul't

in order tore 'h the final product having a | ow base nunber. The exact
extent of neutralisation will depend on.the base nunmber of the high base

nunber sul phimeneembddinitht opiRanéhaY i_of’fhé?ére&éﬁﬁht?éﬁt%ntéhbu}s Basy ﬁ%ﬁg&ﬁge; hat
et SO i s i O b I BT
i s pref er r edMofraulariyeighiraulphoninagid usinga high base nhmbier gulphohateullar wei ght
Koehi ng ¢ ho. raper é?bgaﬁﬁ?‘ﬁéﬂf'gmwg’?ﬁbg‘é@gg belregareaoth= 2L
eepi n e cOsl ,

of gedigment . gi’i'@ pg%tlr@ts\%iégggi q{})‘:qa'f'lasr fen Pr aﬁSJ é?f& e feaclign ot § Righ | ess
and nore preMelesylar waightcglphonicagid and hydiatediline 2€a0roriGaCOg tor simitart o

hi gher | evel Shigpshridlly AftiafiSed So8Y BithéWredcli Witk aHigH Hadd'RlRBaLS to a

ol 'd o sentaBhpie ViheEhafihy s Bash ficpper of sk solentand wates et BaVas
possi bl e andP®PegsenhbAllernatiyely wspartialyoneutralised spapis sthipped obsolventiara of
sul phonat e awgielbefie nedtralidaidpWith Mgh Basd\nlifbef §AbHEME! ThBGdgitlypd of the
present | nveﬁéﬁt?é]is'aﬁon of the partiélly néutra_l_ised, soap is that which is required to
accommodate sufficient of the base from the high base number sulphonate in
~ order to result in the final product having a low base number. The exact extent of
neutralisation will depend on the base number of the high base number
sulphonate ar_\d'the concentration of reactants. 1t is preferred that at least 50% of
the sulphonic acid groups present in the soap have been neutralised, more
preferably at least 90% or greater or 95% or greater. It is preferred that the partial
neutralisation of the high molecular weight sulphonic acid be taken to the
maximum achievabie neutralisation whilst keeping the viscosity of the soap at an
acceptable value with a low level of sediment. Acceptable viscosity in relation to
soaps is 300 cS or less and more preférably 200 c8S or less. As neutralisation is
continued to higher levels and approaches -cﬁmpletion. the viscosity increases to
a point, which may be reached at complete neutralisation, where the soap is a
solid or semi-solid. It is preferred that the soap is as concentrated as possible
. and preferably comprises at least 50% by weight of a mixture of sulphonate and
unreacted sulphonic acid. A key feature of the method of the present invention is
that a high base number sulphonate is used to provide all or some of the base

required for neutralisation of the high molecu_l_ar weight sulphonic acid and to




that a high base nunber. sul phonate is used to provide all or some of the-
base required for neutralisation of the hi gh nol ecul ar wei ght sul phoni c

' 19~ —— —O—

PCT/ EP96/ 00812 acid to produce a netal car boxyl ate It S the use of a
hi gh base nunber sul phonate coupled with the use of a carboxylic acid which

results i base nunber sul phonates of the presentpcripséiéosfn havi ng
| ow vi sco&v{’?&d’gyvd no skinning. |fsin the process of the present

i nvention a high nol ecul ar wei ght sul phonic acid is used as a starting
material for neutralisation it is preferred that the sulphonic acid is
added to a polar solvent/diluent mxture in which is dispersed the Ca or

Goup 1 m%'éaut@protﬁcb%eealdérbomtbonﬁ“smussom high baseanmstiet for parti al

neutralisa I
situ. Wat e%ﬁlﬁ Rorﬁtetog rreBRepg%gr {/ﬂé%ylﬁ:géc%& WP# h"ggéﬂsl;sfa thégdi" ﬁg%ganol
et hanol et eumaﬁasutpmrtat%ofdhe Regsent mermrb g temewmwem :
preferred gkimdinghe pol ar sol vent /diluent m xture conprises bet Ween 1 and
50% by wei ght of water, nethanol ethanol or m xtures thereof and nore
preferably 15 to 35% by wei ght. The diluent is preferably a substantially
neutral m Wi thie processyofitie:present inventiopa high snlecular weightsylphanic acidés i al

Lgfllug\elz dt Pgséa §§9|%§atrtet?gs>ﬁagtém|fdahbu@éndaﬁbﬁit iS e vémtd ﬂillhg e Buiph eéﬁégiag and is
car bonat e ‘3@‘@%91 ?35’%@‘&?9&‘"&%&95%'83# ﬁ?—ﬁﬁﬁh Iq§§t¢‘8ﬂ‘pr act i on.
It is prefrmetal dxideghydroxideotaaborsaie oesimilar hemssam for partial meutiatieation ofh a

sol vent Orth@‘aiﬁdlf?gr%uééﬁhté %Heﬂfraﬁéédtéb%paﬁgitﬁ | patf :stttli@?fé?eri?éd Goup 1

tal oxid | d._.Suitab [vent
e ude. al DRGSR ahelE suk of Pistaancl ihaol B sod APchERs SRRy oc 1 or

exanpl e heandialepholare alse switabley | Ibiscprefarreddhatttie polar salventidiuentiroiztuee and
Teéﬂ u iegnt&ﬁg ﬁ%eﬁménpeﬂt t%hd%t@w By Wei hltgﬁﬁaeﬁomeam.ﬁl %Jﬁ'aﬁ&?%r}‘d: aﬁeleéty
nol ecul ar r‘iﬂ% Qd??fﬁ(ﬂ'i?{emg’y E&t"aﬁ% gﬁl[gl' '"FEL’B gefé/b W8t er on
conpl et i onsulfstandiatly neuraiynmenahmhglmhetmtalkmqtetmﬂeunngil the stripping stages.

During the process exot herm' c react [ ons may occur: the reaction m xture

t t t db
cg (r)rlp ie:]; ur'Fhe pXIar ma%ena? re uces the vnscoslty om?\)é tmﬁal po(iiar so?vent/dx uelnrt] n?i)lctﬂse y

and is believed to aid dispersion of Ca or Group 1 metal oxide or hydroxade or
carbonate or similar and also aid promotion of the neutralisation reaction. s
preferred that the polar solvent/diluent mixture is mixed with a solvent or mixture of
solvents prior to the addition of the Ca or Group 1 metal oxide or high molecular
weight sulphonic acid. Suitable solvents include aliphatic and aromatic solvents
and mixtures thereof such as for example heptane., toluene and xylene. Preferred
solvents are toluene and mixtures thereof with other solvents. These solvents aid
the viscosity reduction and control during the reaction, aid the solubility of high
molecular weight sulphonic acids and assist in the removal of water on completion
of reaction by forming azeotropes during the stripping stages. '

During the process exothermic reactions may occur: the reaction mixture
temperature may be allowed to rise, or may be reduced or maintained by coolung
It is preferred that, during the neutralisation reaction, the temperature is
maintained below 100°C, most preferably below 80°C, so that little or no water is

lost from the mixture.

During the process a period of heat soaking may be beneficial after the addition of
all the sulphonic acid, to allow the neutralisation to be completed before any
further additions or process stages. During a heat soaking period it may be
beneficial to maintain the temperature of the reaction mixture at a pre-determined



It iss preferred that, during the neutralisation reaction, the tenperature
I s mai ntai ned bel ow 10QLerr] C.—mst preferabl.ytbelow 80[err]C, so that

Fittle or no water is lost fromthe mxture. During the process a period
of heat soaking nay be beneficial after the addition of all the sul phonic

acid, to allow the neutralisation to be conpleted before any furt 12
addi ti ons or WH6B#IL st ages. During a kgat soaking period |iCW‘g§J

beneficial to maintain the tenperature of the reaction mxture at a
pre-determ ned WO 96/ 26919 10
PCT/ EP96/ 00812 level. It is preferred that the reaction tenperature is

I ncr eased, 7 byl e rre t hat he. heat soakin .a
period of at lq@g s'? sﬁ%ﬁ#&t‘bét 'ﬁﬁ(ﬁéﬁ% P@F@tﬁ'tﬁ 'lcrﬁﬁfﬁéi %3%73%{31 &¥Pon of
t he reacti onpeafersedithat the lyeailspal@ngﬂm@rme@mdmf@ t B@ minutescanstmost ni xt ure
and.al so anypgsérablyonRbursol vent which is present may be renoved by
stripping. Tﬂe Stl’l pping may be carried out with nitrogen, with increased

tenperature of the reaction mxture, wth gradual application of a vacuum
or with a co@wicempletioroof the reawpesubstanhalbgalt oithe waterspresedt indhe reacfiobe

formed whic hn’iﬁ&yrebéhd asa\éﬁyl aUHﬁoﬁél' §dl\?&n't WFnch' s ph'ésé?ft fﬁ B Ferhd\eld e di ment
formation |Sﬁ$’ QW QsSSi jﬁ gg{‘mq hltratlo required
is kept to aSYWPRINGy "P%'"génqy c%[geggy WhY & rqﬂﬁnr WYNADGTEAS®d on a filter
ai d may be utemperptueé of tiel rpaction mixtyre, with gradual applicatidn ef @.vaduamaredthoa:s
earth. FiltrahmBinaliBy ob8l fhréé] €d out at an el evated tenperature e.g. at
between 150 - 160[err] C and under applied pressure, e.g. 8 bar. A feature

of  the process of the present invention is that |low | evels of sedinent are
produced at Baripyéhe process sédimestimay be.fomedwhichonay be remaeedivia filtrationsi npl e

B?L'bfg rrfs ' ;ts ;&% prefdfed éi%é&iﬁﬁﬁt fdgﬁgas&% 5%“%%%2%;@3% tﬁmhb%M%ﬁquent
i nventi on tyﬁﬁ@gppye(ﬂ}f‘{?&d '38 W&fd% qgﬁa? ias Rﬂ%ﬁﬂle D@rms%'a'%r‘ % or
| ess e.g. 0. & fitet aikbroay beuse@,rpﬂeﬁeraﬁlpndbiewdﬂoﬁtmﬁdﬂer Hidbe.gl diatormackousst

preferably Og ébﬁ*{ohu‘}’éﬁn ﬁg?se‘@g;m“tfééla}mé" te"l' 8'95'22@9%5“?. W

ddi t f I.n" order to r oduct
Vi scosi Ty, c3R0eBOM SBALNEeLIRIRE PLETER. 815 arb $atiathe process of

the present invention is that low levels of sediment are produced at completion of
the reaction. This allows for the use of a slmple polish filtration which reduces the
need for filter aids and the subsequent problems associated with waste disposal.
The process of the present invention typlcally produces sediment levels in the
product of 0.6 vol % or less e.g. 0.5 vol % or less and preferably 0.2 vol % or less
and most preferably 0.1 vol % or less without filtration.

If desired further additions of diluent may be made in order to obtain a desired
final product viscosity, content of basic sulphonate or total base number.
Preferably these additions are made after filtration. Additives such as antifoam
agenis may be added during the process or after fiitration.

The'process_ of the present invention p_roduqes low base mjr_nber sulphonates
which have low viscosity and good fluidity. They have low levels of chiorine
because chiorine containing ﬂuidisé_rs; as us_e_d in prior art processes are not

. required. They are low in hydroxyl content and do not exhibit skih_ning on
exposure to the atmosphere. These products have also been determined not to
be skin sensitisers when tested by Repeat Insuit Patch Testing.

The low base number sblphonates of thé_ present invention are useful as additives
for oil-based compositions, for example, lubricants, and greases. The invention



Preferably these additions are nade after filtration. Additives such as
antlfoan1agents nay be added durlng t he process or after filtration. The

= ‘ pnonat es which +-
have |OM/VISCOSIty and good fIU|d|ty They have Iom1|eve|s of chlorine
because chlorine containing fluidisers as used in prior art processes are
not requi&&ﬂ?nlﬁﬁy are low in hydroxyl content and do nquﬁyﬁﬁﬁﬁmskinning
on exposu 0 e at nosphere. Theseatproducts have al so been determnm ned not
to be skin sensitisers when tested by Repeat Insult Patch Testing. The |ow
base nunber sul phonates of the present invention are useful as additives
for oil-based conpositions, for exanple, lubricants, and greases. The
i nvent i on thys also proW§e98lcHEkpositions containing the low base nurhber
PCT/EPQGIOSE%@PB t hus al so provides such conpositions containing the | ow
base nunbé&l MSnates. The amobunt of |ow base nunmber. sul phonat e t hat
shoul d be used in the oil based conposition depends on the type of

conposi t i qiheddifloritof 6w aeeedumeeﬂ r:%ﬁ‘drﬁfe thay ERGINY ibecusadtintR@ oit babéd | cat i ng

Sul phonat EompreiiRRHiepeRs pidnallypg of cBiBpetin anl S prétsstdheleRost . o\
The | ow bMomQMcrashcasedumwmgfonlsp&fpﬂabwmtatn\mm%dn Smes9 P oftbeubl e or
(in commrib%bbe ﬁaﬁiber auu?hoﬁéie 61 BR bcmmhgfémt rbeEer based Bn e Ridss of ©

di ssol vablte | he aid of a suitable solvent, or-are stably
di sper si pite er| aI s. Ol -sol ubl e, dissolvable, or st ably dispersible as
that termnology is used herein does not necessarily indicate that the

material s mb%wdéalremuar%aehsaabe of fﬁe%ﬁb?érﬂmn@nti%ﬁ%‘é'oﬁ sbﬁumebngnsusgregded

inoil in _al ortions rLal
for i nst arommELVIB CENER ot e plper radiivds refead oieiowhare dSsahatie Lok  Cf on
to exert withitheiaid ofaleditaliié solventnot are stably dispersibleimatefiatsh @lhechble is
enpl oyed. AQeRABK, cr%ﬁh%lf‘éiﬁlbéﬂs@i@bs tH%?%rRﬂ{o’iég)PE &Ed‘ﬁéﬂf‘h dyidirdtves may
al so permt |ncorypora o&?I g IeveFP aH Fdltlve i f
desi r ed. necessarily indicate thaf the m terlals are soluble, dISSO vable, mlsclbe
capable of being suspended i m oil in ali propomons It does mean, however, that
the materials are, for instance, soluble or stably dispersible in oil to an extent
sufficient to exert their intended effect in the environment in which the onl lS
emplioyed. Moreover, the addmonal mcorporatlon of other additives may also

permit mcorporatlon of higher levels of a particular additive, if desired.

Additives, including the low base number sulphonates of the pree_'ent_ invention,
can be incorporated into a base oil in any convenient way. Thus, they can be
added direclly to the oil by dispersing or by dissolving them in the oil at the
desired level of concentration. Such'blending can occur at room temperature or
an elevated temperature. | |

Low base number sulphonates of the preserif 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 low base number sulphonates
may be used include those suitable for use as crankcase lubricating oils for spark-
ignited and compression-ignited internal combustion engines for exampie
automobile and truck engines, marine and railroad diesel englnes They may also
be used, for example, in base oils suitable for use as aviation lubricants or as
lubricants fer two cycle engmes. They may also be used in a base oil in a wide
variety of other applications such as gear oiis, automatic transmission fluids,
tractor oils, metalworking fluids and anh-corroswn coatings. Suitable base oils
may be natural or synthetic.



"Additives, including the | ow base nunber sul phonates of the present

i nvention, can be incorparated into a base oil in any ceoaveni ent way. Thus,
.,they can be added directly to the oil by dispersing or by dissolving them
in the oil at the desired | evel of concentration. Such bl ending can occur
at roomtenperature or an elevated tenperature. Low base nunber

sul phonat es W 94/26819yr esent i nventi on aje particularly usef ECTERGAGBL2 51 | ng
oi | conpositions which enploy a base oIl in which the m xtures are

di ssol ved or dispersed. Base oils with which the | ow base nunber
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engi nes. They may al so be use a base oil in a wde variety of other
applications such as gear oils, automatic transm ssion fluids, tractor
oi I s, net al \Matiurah base oilslinclude mimeral dubricating oils ehichrmay vany widblycastistheivi | s

may be nat urgl,e t ' affini ; :
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oi I's i ncl ud@asgffipic-naphthenicraswelbasieiheirethed ysed guthels RFRAMAIORNIPTa| cohol s;
pol y- [ er r] - cixafphe; distitiationl rangep sirgight rumcor; cradcked| hixrofieed, solvent ertractedt er s
of phosophorgng wfgifle; and polysilicone oils. Natural base oils include
mneral lubricating oils which may vary widely as to their crude source,
for exanple, as to whether they are paraffinic, naphthenic, mxed, or

]Loar affini Ic Mgrietspecifically, nateral jubricating diEbaset stocksusitich ican bbﬁjsedph_ayibgt i on,
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example, aluminium chloride, or they may be extracted oils produced, for example,
by solvent extraction with solvents, for example, phenol, sulphur dioxide, furfurat,
dichloradiethy! ether, nitrobenzene, or crotonaldehyde.

The lubricating oil base stock conveniently has a viscosity of about 2.5 to about
12 ¢S (about 2.5 x 10°® to about 12 x 10°® m¥/s) and preferably about 2.5 to about 9
cS {about 2.5 x 10°® to about 9 x 10° m?fs) at 100°C. Mixtures of synthetic and
natural base oils may be used if desired.

The low base number sulphonates of the pré_sent invention may be erhployed ina
lubricating oil composition which comprises Iubricating oil, typically in a major
proportion, and the sulphonates, typical'ly in é_ minor pfoportion, for example, in a
proportion as indicated above. Additional additives may be incorporated in the
compasition to enable it to meet 'parti'cul'ér rqu'iremehts. Examples of additives
which may be included in lubricating oil compositions are other detergents and
metal rust inhibitors, viscosity index imprbv;es, corrosion inhibitors, oxidation
inhibitors, friction modifiers, dispersanis; 'anti-'fbami'ng_ agents, anti-wear a_'gems,
pour point depressants, and rust'inhibitdrs. ‘Such éddi_tives are well known in the
art. '

As known in the art, some of these additives can provide a multiplicity of effects:
thus for example, a single additive may act as a dispersant-oxidation inhibitor.
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Pour Point Depressant + 0.01-5 .01-1.
Anti-foaming Agent 0.001-3 £ 0.001-0.15
Anti-wear Agents - -~ 0.01-6 0.01-4
Friction Modifier | 0.01-5 0.01-1.5
Mineral or Synthetic Base Oil Balance - Balance

* Mass % active ingredient based on the final oil

‘When a plurality of a_dditivés is employed, it may be desirable, although not
essential, to prepare a_dd,iti\?e concentrates comprising the additives (the
concentrate being referred to herein as an additive package) whereby several
additives can be added simultaneously to the base oil to form the lubricating oil
composition. Dissolution of the additive concentrate into the lubricating oil may be
facilitated, for example, by mixing accompani_ed with heating, but this is not
essential. The concentrate or additive package will typically be formulated to
contain the additivé(s_) in amounts to provide the desired concentration in the final
formulation when the additive package is combined with a predetermined amount
of base lubricant. Thus, one or more low base number sulphonates prepared in
accordance with the present invention can be added to. small amounts of base oil
or other compatible solvents along 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 90 mass %, and preferably from
about 5 10 about 75 mass %, and most preferably from about 8 to about 50 mass
% by weight. additives in the appropriate proportions with the remainder being
base oil. ' '
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The low base number suiphonate compositjons of the present invention have

been found to provide improved wear performance, particularly preferred being

those which contain one of formate, fumarate, succinate, maleate, citrate or

adipate, most preferably fumarate, maleate, succinate or citrate. Particularly

preferred are the calcium low base number sulphonates, it being most preferred

that the composition has a TBN of less than 24, preferably in the range of 5 to 24.

The invention is further illustrated by way of example only with reference o the
following Examples.

Preparation of Neutral Calcium Sulphonate. Comparative Example A

Toluene {480 g), methanol (360 g), water.(50.g) and a mineral oil diluent (175 g)
were charged to a 2 litre glass reaclor fitted with stirrer, reflux condenser, nitrogen
purge, pressure compensated dropping funnel and temperature control. To this
mixture, at ambient temperature, there was added calcium hydroxide (23.3 g).
The calcium hydroxide had a purity, as measured by EDTA titration, of greater
than 95%. The reaction mixture wés. then heated to 40°C and a sulphonic acid
solution (814 g) was then added, via the pressure compensated dropping funnel,
over a 15 minute period whilst maintaining the temperature at 40°C. The
sulphonic acid was a C4q S'CGO+ mixture of alkyl benzene sulphonic acids with an
number average molecular we:ght of 670 diluted .to mass 60 % with mineral oil.



The present invention further provides a lubricating oil conposition which
conprises a major anount of a lubricating oil and a m nor anount of a
—cal-cium-er—Goup—t netat- | ow baseTTOMDETr suUl phionat € conposi t1on accordi ng
to the present invention. Such a lubricating oil composition may be a | ow
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preferabl yu@odhgotst % or |ess and nost preferably 0.05 W PUT/EPG0S82. The
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t here vvas added cal ci um hydroxide (23.3 g). The cal ci um hydroxi de had a
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was then Aeluere. Vhig W'Pﬁ'é"’?)\”&&ﬁ’ba B RGm B?IMEKWWHHQ? tu‘@v’e?h% 15
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aci d was G, re 8 I&pg s with an
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oil. whicl equates to 0.5 vol /o sedsmem in the reactor contents. The product, after a
slow filtration, was a neutral calcium sulphonate with an actrve_ lngredtent of 43.5
mass %. The kinematic viscosity of the product at 100°C was 663 cS which is

unacceptably high.

100 ml of the product was poured into a 250 mi beaker. The beaker was stored at
ambient and periodically. checked, by inclining it at an angle, to see if a skin had
formed on the surface. The product skinned.

Preparation of a Low Base Number Calcium Sulphonate from a High Molecular
Weight Sulphonic Acid using a conventional process. Comga:_'ative Example B

A mineral diluent oil (255.9 g) and water (110.3 g) were mixed in a 2 litre reactor
fitted with stirrer, reflux condenser, nitrogen purge, pressure Comp_ensated
dropping funnel, cooling coil and temperature control. Calcium hydroxide (41.3 g)
of purity, by EDTA titration of greater than 95%, was then added and the
temperature adiusted to 30°C. Formic acid (1 7.9'g) was then added via the
dropping funnel. An exothermic reaction occurred. Cooling was appliéd to
maintain the temperature at 37°C. A 60% by mass solution of a C15-Cgo+ alkyl
benzene sulphonic acid (314.2 g) in mineral oil was then added to the reactor and
the temperature of the resultant exothermic reaction controlled with further cooling
so that the temperature did not exceed 70°C. The number average molecular
weight of the sulphonic acid employed was 670. Following the sulphonic acid



WO 96/ 26919 15 : PCT/ EP96/ 00812 On
conpl etion of the sul-pherie—acid addition the tenperature of the reaction
m xture was increased to 60[err]C and held at this tenperature for 1 hour.
Silicone antifoamant (100 ppm based on the total reactor charge ) was then
added and the apparatus then changed froma reflux to distillation
configurati ¥P96Br eact or contents wege then heated from EEFEFS 2, 63C
over a 20 mnute period, frome68[err]Cto 75C over. 30 m nutes and from
75[err]C to 160[err]C over 1 hour. During the distillation period a

ni trogen purge of 100 cc/mn. was enpl oyed. Wen the tenperature had

hed 160 I S Iled and th vacuum
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Exanple B A mineral diluent oil (255.9 g) and water (110.3 g) were m xed
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g) in mneral oil was then added to the reactor and the terrperature of the

resul tant exm.@eﬁ%ﬁuer.mmwnsp&g bBgigish bPafoil bags nEAdet eac@a;that the
weigh
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base number process suitable for low molecular weight sulphomc acids leads to
an unacceptable sub standard product

Pregarahon of a H:qh Base Number Calcaum Sulphonateﬂfor use in Ex mple 1
below) -

A High Base Number Calcium Sulphoriate from a C1g-Cgpo+ mixed alkyl benzene
sulphonic acid of number average moleculj'ar' weight of 670 was prepared by a
conventional overbasing process. This involved the neutralisation of the
sulphonic acid with an excess of calcium hydroxide in @ mixed toluene/polar
solvent system. The excess of calcium hydroxnde was then converted to colloidal
calcium salis by carbonating the mixture. The volatile solvents were then
removed by distillation. The fina!l product was a high base number calcium
sulphonate of total base number (TBN) 295 mg KOH/g, with a calcium sulphonate
content of 29 mass % and a kmematlc v:scosnty at 100°C of 110 centistokes.



WD 96/ 26919 -
PCT/ EP96/ 00812 addition the tenperature was held at 70[err]C for 1 hour
Mﬂ%ﬁ&&ﬁ%&—ﬁmrge—ommmmww
further charge of sul phonic acid (314.2 g) was then added and the resultant
exotherm controlled by cooling so that the reaction tenperature did not

exceed 80[err]C. After the second acid addition the terrperl%h.
stabilised MOMWHPW (] C for 1 hour. Thg apparatus was then mrom a

reflux to a distillation node and heat was applied. The tenperature of the
reaction mxture was increased from80[err]C to 110[err]C over 4 hours and
then from 110[err] Cto 160[err] C over a 2 hour per| od A vacuum of 400 nbar
absol ute plied .. C ) S - erat ure
at 160[ er r 49 00 O84S A3E I SHEARNIY e

pr oduct waﬁLEMLQ&_fQomthe reactor and the amount - of sedl rrent determ ned
by the nmethod described in Conparative Exanpl e A. There was 2.6 voI %
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prepar ed byo ¢hereactanviaihel dropring &ginepoyercr t8 minuth ipericdy Qn/eampletion of
neutral i Satthé’ adesi.oﬁ e eMﬁélaamé:oﬂﬁé feddtioh rikiuRX G/aS %d ste”cﬁdow Shfr oxide in
a mxed tolu J[lgp ar_sol Vree ﬂ‘ r’?é \;@ce ces o h h ydrOX|de was
t hen conveﬂegcg S6MPsratuTe fog il Beunatey 'E)i)( R PhYEPRE ni xt ure. The
vol atile sanumm/éweumnheemvwcw chiarge) waataddad Tnehirsu reattigy oduct was
a hi gh baseniiudas. @@bﬂhu Hg?ﬂﬂ:%ﬁer%lﬁk@nﬂle bas&ituddtive( WBbadd8a U
KOHg, wit Q:vgr g%l minute perlJ)JI % ﬁ)rmlc acid solution (80%) 10.2 g was then added whilst

maintaining the temperature at 70°C. Following the formic acid addutnon the

temperature was held at 70°C for a further 15 minutes to ensure complete '

reaction. The apparatus was then changed from a reflux to distillation

conflguratlon and the volatile solvents removed by_dlstlllatnon to 160°C over

1 hour. A vacuum of 200 mm Hg. abso_lute was then applied for 30 minutes to

remove the last traces of solvent. The sediment level was then determined by the

method described in Comparative Example A. There was 0.06 vol. % sediment in

the reactor contents. The product was then filtered using 0.5 mass % of

diatomaceous filter aid. The filtration was extremely rapid giving a finished

product as a clear brown moblle liquid wnh a kinematic viscosity at 100°C of 45.5

centistokes, a total base number of 10. 2 mg KOng, a calcium sulphonate content

of 43.7 mass % 2 calmum content of 1 B mass % and a chlorme content of 5 ppm.

100 mi of the filtered material_wes p,oure_d”int_o a 250 ml beaker.and then left to
stand at ambient temperature. There was no tendency for the product to skin
when exposed to the air.

Calculation of the_total' hydroxide content based on the method and product
charges, show a potential for 0.11 mass % calcium hydroxide in the finished
product. This is lower than the calculated level for products made by the
conventional process where 0.7 % mass % is the calculated value.
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*PCT/ EP96/ 00812 Exanple 1 - Preparation of a Low Base Nunber Cal ci um

Sul phonate directly from Sul phonic Acid Toluene (303 g), water (50.5 g)°
and a mneral diluent oil (259.9 g) were charged to a 2 litre gl ass
reacti on vewasdenenwi pped with stirrer,..reflux condenser, nPCIEBSM§IAr ge,
pressure conpensated dropping funnel Ahd tenperature control. To this

m xture there was added 21.4 g of cal cium hydroxide of 98.8 % purity, as
measured by EDTA titration. The tenperature of the m xture was adjusted to
50[err]C and 686 g of a 60% by nass solution of a (JQerr]-Clerr] m xed al kyl
benzene sul phonic acid of average nunber nDIecuIar melght of 670, in

m neral oil .;_;r,‘ and Be Rrepar B2 RESulphérates
period. On ol o O ;.cdltlon the tenperature of the reaction
meﬂevms.i ' 'CamimﬂdattmstmmmaUMefm 1 hour
after which tine 100 ppn1of silicone antifoanmant (based on the total

reactor chafpe)general atkiRet ofExdriple 1wae tdpeated excepEthehlrge Qharitii@svfgh base

nunber sul p d u

formc aci dpés)%ﬁf Sﬁ'%f‘%%%%oﬂ?% %@ﬁgﬁg ﬁiﬁ%&&éﬂﬁﬁ%@% 'h%!ﬁo %%??‘ue

t enper at ur e SefinERCpriexhol filfation wasdlowand the fileredpraduct lid nokskinwhenat ur e was
hel d at 70[ expddedt@raid further 15 m nutes to ensure conplete reaction. The
apparatus was then changed froma reflux to distillation configuration and
the volatile solvents renoved by distillation to 160C over 1 hour. A vacuum
of 200 mm Hg. absol ute was then applictablet 30 ninutes to renove the | ast
traces of solvent. The sedinent |evel was then deternined by the nethod

described ip Co ative Exanple A There was O. vol . 9% sedinent in the
react or conwﬂw%‘gmgpms then filtered %PHE?IQ)?S ﬁ@g‘ éf

di at omaceoudotuenger aid. . The filtration was ext ren89.8r api d @886ng a
finished proguet as a clear brown nobile liquid wtdpa ki nemaggg viscosity

at 100[err] .0f 435 5 centistokes, a total base nu KOH g, a
cal ci um sul &‘fﬂﬁ%tté-’ content of 43.7 mass %, a cal c%ﬁ#@ontent %8?%1 6 mass %
and a chl orﬁﬁ&lmmwmxidﬂ(%ﬁmmurmoo m of the fil23Bed mt@34al was
poured i ntocygeds leﬁB&%narshlé A&h'sditiont andepg eanbi engzhgnperat ure.
There was n?l theaase ﬁYsmber SuE)?\oRate UCt ‘toskin 62.4 76.0

Formic Acid . , 14.4 185

Product Pmpertles

Kinematic viscosity at 100°C, s _ 44 45.5
Sediment prior to Filtration, vol % 0.06 0.08
Total Base Number, mg KOH/g 143 18.0
Calcium Sulphonate Content, mass % 43.7 435
Chlorine Content, ppm - o 5 5

Calcium Content, mass % | _ 1.79 1.92

Both examples have low viscosity and low chlorine contents. A conventional low
base number sulphonate synthesised with a halide fluidiser would contain 0.5
mass % chiorine. -

Toluene (480 g), methanol (360 g), water (50 g) and Diluent Qil (175 g) were
charged into a 2 litre glass reactor equipped with stirrer, reflux condenser, nitrogen
purge, pressure compensated dropping funnel and temperature control. Calcium



when exposed to the air. Calculation of the total hydroxide content based
on the method and product charges, show a potential for 0.11 mass %cal cium’

—hydroxi-de—i-p—t-he—fi ni shed—proguect——Th ST TOWEr than the calcul ated | evel *
for products made by the conventional process where 0.7 % nmass %is the
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Cal ci um SIVPR¥8Y%s directly from Suigohonic Acid The general metihigd of
Exanple 1 was repeated except the charge quantities of reactants given in
Table 1 were enployed. The products were low in viscosity, the sedinent
prior to filtration was | ow and the filtered product did not skin when

(egfgf;g;’ t Oc&icium hydroxide of 98.8 %gpurity (25.5 g) was added g éFﬁﬂh%'tenB@ﬁéw@ Char ges
299. 8 adiysied o ¥Q1Gr A C16-Ceo+ al I benzene Su onic acu8 soﬁmon (814g)wag, ,
‘ég i 8 Di | ueadded vVia the dropping funnel over a 15 minute penod The aumber average 297. 0

ci um Hy,
A ky! " Beny CRBCLITF veibht S S iignic acid was 5677°8 K the solutionrtalbed B er
Sul phonat emass % sulphonlc acid ig dilyent oil. Orygorgp kP ancaqﬂgnt
14 4 " templePatare Was adjtistedrtoBerCiand thembeistat this iterpeiatyrefor 166err] C, ¢S

]

Tot al Base iﬁ%ﬁé’f&d@iﬂf#h%&&e& trbin' 4eRR tcﬂ% ullaflon oonfnfélréhoﬂﬁand 100 0.08

Sul phonat ePRID®f §Wpon¢,agtgfogmant {based op theyreactor coptents ) adde '?he reaccltsgrr1n
mixture was then heated to 160°C and a vacuum of 210 mm Hg. absolute applied

to remove the volatile components. The final product was a solution of calcium
sulphonate and sulphonic acid in diluent oil and had a kinematic viscosity at
100°C of 137 centistokes. The ratio of sulphonic acid which had been neutralised
and converted to the calcium salt to that retained in the product as unreacted
sulphonic acid being 9:1.

SOAP 2 - Preparation of a Partially Neutralised Sulphonic Acid (95% Neutralised)

The procedure as described for SOAP 1 was repeated with the exception that
26.9 g of calcium hydroicide was used. This produced a product which was 95%
neutralised as calcium sulphonate with the remaining 5% of the sulphonic acid
remaining unreacted. The final product had a kinematic viscosity at 100°C of 250
centistokes.

EXAMPLE 4 -Preparation of a Low Base Number Calcium Sulghonate from
Partially Neutralised Sulphonic Acid

SOAP 1 (100 g) ,as prepared above, was added to a 250 ml reaction vesse!
equipped with condenser, stirrer, nitrogen purge and temperature control. The
partially neutralised acid was heated to 60°C and the High Base Number
Sulphonate described above (5.8 g) was added. After the addition Formic Acid of
80 % purity (1.2 g) was added. The temperature of the reactor contents was then
held at 60°C for 20 minutes before changing the apparatus from a refiux to
distillation mode. The temperature was then increased to 160°C over 45 minutes
before applying a vacuum for a further 20 minutes. The product had a sediment
level of 0.1 vol. % , a TBN of 24 mg KOH/g, a calcium sulphonate content of 43.9
mass %, a calcium content of 2.18 mass % and a Kv 100°Cof 58 centistokes



“Chlorine Content, ppm : _ 5 5 Cal ci um
.Content, nass % - U 1. 79— 1.92 Both exanples
..have | ow viscosity and | ow chlorine contents. A conventional |ow base
nunber sul phonate synthesised with a halide fluidiser would contain 0.5
mass % chl ori ne. SOAP 1 - Preparation of a Partially Neutralised

Sul phoni ¢ Awio®es@996 Neutral i sed) Tol uene (480 g), nethancMCHIERIVOMIZ wat er
(50 g) and Diluent G| (175 g) were @farged into a 2 litre glass reactor
equi pped with stirrer, reflux condenser. nitrogen purge, pressure
conpensat ed dropping funnel and terrperature control. Calcium WO
96/ 26919 PCT/ EP96/ 00812 Cal ci um

hydr oxi de dNVhemtested MPW?W@Q’}'M@%@M@?‘@ CompagativerExample 4dj ust ed
to 40[ err] Ghe prdduet did-idtekin] al kyl benzene sul phonic acid solution (814 g)
was added via the dropping funnel over a 15 minute period. The nunber
average nol ecul ar wei ght of the sul phonic acid was 670 and the sol ution
cont ai ned 60 mass %sul phom c acid in di I uent oil. Ch corrpl etion of the
addition tlg Dfe)z ke : Forl at this

1

' ¥ Hpm of silicone anti f oamant (based on
the reactor contents ) added The reaction m xture was then heated to 160C

Component s oo e 24 0N abpreparel didie et blded &, & 25D 1R baGHUGRES! © g
sul phoni ¢ f&uﬂ’qeﬂ %aﬁﬂ?scgﬁ?d mﬁﬁ"%a g 'ﬂ?ﬁ@ﬂ@% EWSIIL:%]% iﬁp@f’e?@é[ err] C of
137 cent i stwithctbe ergeptionsi thatthe amaquinb of HighdBase/urnbehSulphenateremploydd sed and
conver t ed uid 619 AN it Briciirit of Poirfi'aciigtd Vias 2186!d) TR fifisidq proddet eact ed
Neulto ral i segll ﬁ\%e?yﬁt‘,’?'cf’fw ‘Ne%'t? ;EF'JS‘B %ﬁ g.a a caldium sulghonate
' content of 42.6 mass %,a calcium content of 2 08 mass % and a Kv 100°C of 55
centistokes. This product did not skin when exposed to air.

The process of EXAMPLE 1 was repeated with the exception that the high
molecular weight sulphonic acid was replaced with a mixed low molecular weight
sulphonic acid made up of C94 average alkyl benzene sulphonic acid and a C43
average alkyl xylene sulphonic acid with a number average molecular weight for
the mixture of 440. The resultant sulphonate was an extremely viscous, non -
flowing product at ambient temperature with a TBN of 12 mg KOH /g which
skinned when exposed to air.

This example illustrates that sulphonic acids consisting of entirely of low molecular
weight species are not suitable for producing low base number calcium
sulphonates which have low viscosity and are non skinning when exposed to air.

EKAME.LE&G.&J.&

The general method of EXAMPLE 1 was repeated with a number of different
carboxylic acids and anhydrides being used in place of the formic acid. The
results along with details of variations to the general method are presented in
Table 2.



The procedure as described for SOAP 1 was repeated with the exception that

26.9 g of cal Ci um hydr oxi de was used. This produced a product which was 95% *
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Number Cal ci um Sul phonate from Partially Neutralised Sul

(100 g), asVHMBMRJ above, was addedpt 0 a 250 m reacho%eh?ggﬁﬁggui pped
wi th condenser, stirrer, nitrogen purge and tenperature control. The
partially neutral | sed aci d was heated to 60[err] C and the H gh Base Nunber
Sul phonat e descri bed above (5.8 g) was added. After the addition Formc

Acid of 80 %purity (1.2 g) was added. -The tenperature of the reactor
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20 When tested in the exposure to air test
t he product did not skin. EXAMPLE 5 - §§Far ation of Low Base

Exanpl e A,

Nunber Cal Gompagtivg Fxample Pr Brapationaf aLove BaseNuaber
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(100 g), agsing aMlide Roweter. Was added to a 250 m reaction vessel

611g of a mixed low molecular weight sulphonic acid made up of a C24 average
alkyl benzene sulphonic acid and a c12 average alkyl xylene sulphonic acid with a
number average molecular weight of 440 and 249.9 grams of a mineral diluent oil
were charged to a 2 litre glass reactor fitted with a stirrer, reflux condenser,
nitrogen sparge and temperature control. The mixture was heated to 60°C when
15.7 g of a 35 mass % solution of calcium chloride in water, 11.8g of formic acid
and 12.9 g of water were added. There was an exothermic reaction and the
temperature increased to 65°C. The temperature was set to 65°C and 54.1 g of
calcium hydroxide added. Again an exothermic reaction occurred which increased
the temperature to 80°C when a further 72.9g of water was added. The
temperature was adjusted to 85°C and held at this temperature for 1 hour. The
apparatus was then changed from a reflux to distillation mode and the
temperature increased from 85°C to 110°C over 4 hours. At 110°C a nitrogen
sparge of 200cm3 / minute was applied and the tempefature increased to 160°C
over 2 hours. A vacuum of 400 mbar. absolute was then applied for 30 minutes. A
50cm3 sample was then removed from the reactor and the sediment level
determined by dissolving in toluene and centrifuging under the conditions in
Comparative Example A. There was 0.5 vol % sediment in the product which was
then filtered using a diatomaceous filter aid to give a low base number calcium
sulphonate with the following properties: - TBN 23 mg KOng, calcium sulphonate
content of 43.5 mass %, calcium content of 2.9 mass % and a kinematic viscosity
at 100°C of 40 centistokes. The chlorine content was 0.35 mass %. The product

skinned when exposed to air.

This example illustrates that low viscosity low base number calcium sulphonates
can be prepared from low molecular weight sulphonic acids but halndes are
required to control the viscosity.

,as described in Conparative

SOAP 2

=%
H



* equi pped as that described above. The nethod of EXAMPLE 4 was repeated with
. the exceptions that the anmpunt of Hi gh Base :Nunber Sul phonate enpl oyed was
9.1 g and the amount of Formic acid used was 2.55 g. The finished product
had a sediment |evel of 0.05 vol % a TBN of 24 ng KOH/ g, a cal cium

sul phonate content of 42.6 mass % a cal ciumcontent of 2.08 mass % and a Kv
100[err] C Q;Wnti st okes. This product did not skin \/\hé’ﬁrm to air.
Conparative anple C - Preparation of Low Base Nunber Cal ci um Sul phonate
froma Low Mol ecul ar Wi ght Sul phonic Acid The process of EXAMPLE 1 was
repeated with the exception that the 28 gh nol ecul ar wei ght sul phonic acid
was replaced with a m xed | ow nol ecul ar wei ght sul phoni c acid nmade up of
Clerr] average al kyl ben®ene sul phonic acid and a Cferr] average alkyl

xyl ene sul phoni c aci d & tgh el rgaver ggesnof eyl & ight for the

m xture of 440. The resul§t a%t 'éﬂ%gtha?ewmag ah éxt f’errgley vi scous, non

fl owi ng product at anbiefM tenperature with a TBN of 12 ng KOH /g which

ski nned when exposed to g r. . This exanple illustrates ‘that sul phonic acids
consisting of entirely_ ofR | gw &ol_ecyl i ghtespeciges,,are not suitable for
produci ng | ow base nuifbef cal ¢t uf sdl o\rﬁt gs WhitthehaV%e | ow vi scosity and
are non skinning when exffosed to air. -~. EXAMPLES 6 to 18 The general

met hod of EXAMPLE 1 was rgepeated with a nunber of different carboxylic

aci ds and anhydri des bei@g used in place of the formc acid. The results
along with details of warg agi dds g oSt g gen'g‘rag @t §0d§are presented in
Tabl e 2. WO 96/ £919 . 21
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High Base Number Sulphonate, TBN 297 mg KOH/g

EXAMPLE NO.

Carboxylic Acid Anhydride

Amount of Carboxylic Acid. Anhydride, g
Toluene, g |
Water, g

Diluent Oil g,

Sulphonic Acid 60 % Solution in Oil, g
Calcium Hydroxide, g

Calcium Sulphonate, mass

Tota! Base Number, mg KOH/g
Sediment, vol %

Kinematic Viscosity at 100°C, centistokes

SUBSTITUTE SHEET (RULE 26)
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Two lubricating oil formulations were evaluated.

Formulation 1 was prepared in mineral basestock using a conventional viscosity
modifier, a dispersant ,a proprietary detergent package, a mixture of antioxidants
including a ZDDP. Formulation 2 was prepared in a mixed mineral and synthetic
basestock using the same additives as Formulation 1 but with the addition of an
aromatic amine antioxidant and an additional ZDDP thus prov'iding a formulation
. with a mixture of ZDDP's. In each Formulation the Ca low base number

sulphonate was evaluated at a concentration of 0.9 wt % based on the weight of
the formulation.

Oil performance was evaluated in terms of tappet wear in microns at the end of
the test. The results for Formulation 1 are shown in Table 4 and the results for
formulation 2 are shown in Table 5. A negative value for Delta indicates an
improved wear performance relative to the low base number sulphonate derived
from fow molecular weight sulphonic acid. |



22, [err] 23

’PCT/ EP96/ 00812 WO 96/ 26919 ' 23 Wear Performance
-Various | ow base nunber sul phonates were eval uated for their wear
performance using a SMRA Valve Train Wear Rig; this apparatus is described
in test method CEC L-31-T-81. The version used in this evaluation was a
nonocam ri Gyowkedi® descri bes a Cam and Fol | ower Test Machirc/EPS&esin! | owi ng
three tenperature test protocols were?sed:

Table 3 G| Tenperature [err]C Cam Speed RPM Tine M ns Load Kg
40 250 30 20
+60 60 65 1500 30
20 +60 60 = TVABLEA 1500
30 20 +60 60
65 Degrees 120 Degrees
Test Caicium Low Base Cam _V\_Ieaf " Delta Cam Wear Delta
Number Number Variant {microns ' (microns)
1 Calcium Low Base 5.80 ' 6.80
Number Sulphonate :
from low Molecular
Weight Sulphonic
. : Acid. ' . —
2 ' Formic Acid 5.71 -0.090 6.43 -0.37
8 TBN
3 | Sucanic Add 5.40 0.60 .10 0,70
12 TBN
3 Fumaric Acid 371 1.09 543 137
12 TBN '
5 Adipic Acid 5.40 -0.40 9.30 2.5
12 TBN :
6 Maleic Acid 4.70 110 87 19
12 TBN
7 Citric Acid 6.40 0.6 76 0.8
- 12TBN




Two lubricating oil fornulations were evaluated. Fornulation 1 was
prepared in mneral basestock using a conventional viscosity nodifier, a
—eH-spersaft—apropri et af-y*det-er-geﬂr—pa'ck‘a'g'E““TnWrUTmT)Tdants
i ncluding a ZDDP. Formulation 2 was prepared in a mxed mneral and
synt hetic basestock using the same additives as Formulation 1 but with the
addi tion of an aromatic am ne antioxi dant and an additiow hus
provi di ng ORI ation with a nixtese of ZDDP's. In each Fornulation the
Ca | ow base nunber sul phonate was eval uated at a concentration of 0.9 Wt %
based on the weight of the fornmulation. O performance was eval uated in
terms of tappet wear- in mcrons at the end of the test. The results for
Fornul ation 1 are shown in Table 4 TABUE® results for fornulation 2 are
shown in Table 5. A negative value for Delta indicates an inproved wear

performance relative to the | ﬂmﬁow

mol ecul ar wei ght sul phoni c acgd. ¢ 96/ 19
24 _ ~ PCT/ EP96/ 0081% . :
TABLE 4 T Test Calcium Low Base | Cam Wear | Delta | CaRW Tt Cam Wear | Deital 40
Degrees [ Numbe@dt Numb@Madantim Lomieﬁase Ca Ln(ir:'nikams) [Fehﬁmns) Cam \Jéar
Delta Nunber “Nunber Vatiant | (m ¢rons . : (i crons)
1 Cal & urh LCwulcibnknwy Base 5. 8% 660 ‘| 6.80 730 Nunber
Sul phonatje N“"‘“" 'PEM‘? oy Mol ecyl ar Vi ght Sul phoni c
Acid § e d 5.71 -b. 09 6. 13
-0.37 ) Formuc Reidl BN 479 | 049 743 0.83 5.36 104
12TBN . ' : ' .
10 Succinic Acid 3.00 -1.30 4.90 -1.70 6.70 -0.60-
12 TBN : ' '
1 Fumaric Acid 3.00 1.30 486 -1.74 | 743 0.13
12 TBN :
12 Adipic Acid 3.90 040 3.00 -3.60 9.40 2.10
| - 1278BN
13 Materc AGid 310 | 2.20 5.00 360 7161 030
12 TBN 1 o
14 Citnic Acid ~ 330 | -1.00 3.90 2.70 6.00 -1.30
12 TBN S




3 . Succinic Acid 6. 40 0. 60 6. 10 -0.70

X2 TBN 4 Fumaric Acid = .. 4. 7L —— -1.09 5.43
+1.37 12 TBN 5 Adi pic Acid 5.40
-0.40 9. 30 2.5 12 TBN 6 Mal ei ¢
Aci d 4.70 -1.10 8.7 1.9 7

12 TBN WO 9626919 Citric Acid 6. 40 0. 6 PCT/EP96/008125
0.8 ~ 12 TBN 20 96/ 26919

25 - e PCT/ EP96/ 00812

TABLE 5. - S 45 degr ges. 65
Degr ees . - 120 Degrees Test Cal ci um Low| BHtS: SHEETCHASVEEEN
Delta CaleaJaiﬁ Delta Cam Wear Delta Nunber NREFYACENari an
(m crons ~ (mcrons) (m crons) €atcrumtow

Base Nunmber

30
Sul phonat e 4‘ A calcuu:lzn g Grlouﬁ/"I\@?gP'ﬂ” hase number W"ﬁi‘?@ﬁ?’ﬂﬂ%ﬁ%" Aci d 9
Formi ¢ Aci d comprising from agleast 10% bygveight of At least one sglpbgnate prepared from

-1.94 neutrallsatlon of a sulphonic acid having a number average molecular weight of
500 or greater, being an oﬂ-soluble synthetic sulphonic acid or an alkaryl sulphonic
acid; a calcium or Group 1 metal carboxylate; and diluent, wherein the sulphonate
composition has 0.5% by weight or less of hydroxide expressed as the calcium or
group 1 metal hydroxide, and has a chlorlde content of 100 ppm by welght or less.

2. The composition of claim 1 wh_er_e‘.in at |east 20% by weight of said at least
one sulphonic acid is present.

3 The composition of claim 2 wherein at least 40% by weight of said at least
one sulphonate is present.

4. The composition of any of the preceding claims having 0.25% by weight of
the hydroxide or less.

5. The composition of any of thi_a preceding claims having & chloride content of
S50ppm by weight or less.
6. The comp'ositioh of ény of the preceding claims wherein the sulphonic acid

has a number average molecular weight of 600 or greater.

7. The compoéition of any of the preceding claims wherein the sulphonic acid
is a C45 to Cgg+ alkyl-substituted alkaryl sulphonic acid.

8. The composition of any of the preceding claims wherein the sulphonic acid
has alkyl substitution derived from poly(normal butene) polymers.

9. The composition of any of the preceding claims having 0.6 vol % or less of
sediment. '
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12 TBN 10 Succinic Acid 3.00 -1.30 4.90

-1.70 6. 70 -0. 60 12 TBN 11 Fumaric
—Aret 5700 =1. 30 o1 T 7% 7743 0.13"
“12 TBN 12 Adi pi ¢ Acid . 3.90 -0 40 3.00
-3.60 9. 40 2.10 12 TBN 13 Mal ei ¢ Aci d
2.10 -2.20 5. 00 -1. 60 7.10 -~ -0.20 .- | 12
TBN 14 WOSE26919 iy Acid 27 3.30 -1.00 TETEROMZ 5 70

D

6. 00 -1.30 12 TBN '
26 Clainms 1. A calciumor Goup 1 netal |ow basg¢ Tmﬁfg&%&‘gh%ﬁ%{
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conposi tion conprising fromat |east 10% by wei ght of
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aver age nol ecul’gr. wel e synthetic
sul phoni ¢ eRMRrising HAmM:Atleast 10% byweisht ofatileast gne sulphenats Preparad flomet al
ear bﬁxyl atssutiligation ofasulphbsic acid ﬁ%@hﬁhﬂaﬁ@r@g@&ﬁéwlwﬁ?ﬁt &i 5;’/0 by
wel ght or : - . .the . r_ met a
nvcl oxi de, S el Bl 2R SIS SymABic oS RS laptiRg | 00
The conpossuiphanieacid) aicaiciumpegmup 1ametatgarboxzyiate; anddilyent whersin theat | east
one sul phosonspasitich has 0.68E% or less of sebliertonposi ti on of claim 2 wherein at
| east 40% by wei ght of said at |east one sul phonate is present. 4. The
conposition of any of the preceding clains having 0.25% by wei ght of

1 A method for the preparation of a calcium or Group 1 metal low base

number sulphonate composition which comprises neutralising a sulphonic acid, or
partially neutralised soap thereof, and a carboxylic acid, with a high base number
sulphonate, the sulphonic acid having a number averagé_ molecular weight of 500
or greater, being an oil-soluble synthetic sulphonic acid or an alkary! sulphonic
acid.

12.  The method of claim 11 wherein the soap is preparéd in situ by partially
neutralising a sulphonic acid with an oxide or hydroxide of calcium or of a Group 1
_metal. S

13.  The method of claim 11 or 12 wherein the high base number metal
_sulphonate is derived from a sulphonic acid as defined in claim 11.

14. A calcium or Group 1 metal low base number sulphonate composition
“obtainable by the method of any of claims 11 to 13.. '

15. A lubricating oil composition comprising a major amount of a lubricating oil
and a minor amount of a composition of any of claims 1 to 10 and 14 or made by
the process of any of claims 1 to 10 and 14 or made by the process of any of
claims 11 to 13.

16.  The composition of claim 15 having a phosphorus content of 0.1 wt % or
less.

17.  Alubricating oil concentrate comprising a composition of any of claims 1 to

10 and 14 or made by the process of any of claims 11 to 13, and one or more
other lubricant additives.
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. 2. The composition of claim 1 wherein at least 20% by weight of said at least
one sulphonic acid is present.
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3. The composition of claim 2 wherein at least 40% by weight of said at least
one sulphonate is present.

4. The composition of any of the preceding claims having 0.25% by weight of
the hydroxide or less.

5. The composition of any of the preceding ciaims haviﬁg a chloride content of
50ppm by weight or less.

6. The composition of any of the preceding claims wherein the sulphomc acid
has a number average molecular weight of 600 or greater.

7. The composition of any of the preceding claims wherein the sulphonic acid
is a C15 to Cgp+ alkyl-substituted alkaryl sulphonic acid. -
8. The composition of any of the preceding claims wherein the sulphonic acid
has alkyl substitution derived from poly(normal butene) polymers.

9. The composition of any of the preceding claims having 0.6 vol % or less of
sediment.
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10. A method for the preparation of a calcium or Group 1 metal low base

number sulphonate composition which comprises neutralising a sulphonic acid, or
partially neutralised soap thereof, and a carboxylic acid, with a high base number
sulphonate, the sulphonic acid having a number average molecular weight of 500

~or greater, being an oil-soluble synthetic sulphonic acid or an alkary! sulphonic
acid.

11, The method of claim 10 wherein the soap is prepared in situ by partially

neutrahsmg a sulphonic acid with an oxide or hydroxide of calcium or of a Group 1
metal.

12. The method of claim10 or 11wherein the high base number metal
sulphonate is derived from a sulphonic acid as defined in claim 10.
13.  Acalcium or Group 1 metal low base number sulphonate composmon
obtainable by the method of any of claims 10 to .12.

14, Alubricating oil composition comprising a major amount of a Iubricéting oil

and a minor amount of a composition of any of claims 1to 9 and 13 or made by
the process of any of claims 10 to 12.

15. Vhe composition of claim 14 having a phosphorus content of 0.1 wt % or
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16. A lubricating oil concentrate comprising a composition of any of claims 1 to

9 and 13 or made by the process of any of claims 10 to 12,and one or more
other lubricant additives. |



