. APROCESS FOR MAKING BORATED ALKALINE EARTH METAL
TOLUENE SULFONATES 100011The present invention pertains to an
improved process for making borated alkaline earth metal toluene
sulfonates. [0002]The capacity of a lubricating oil composition to prevent
and/or reduce wear is highly desirable and sought after. Boron-containing
additives, and in particular, borated alkaline earth metal toluene sulfonates
have been found to not only impart excellent antl -wear properties when
empidyER A SRR RO DDA ARG FEAL
well as anti-rust, anti-corrommmmmmg advantages to such
compositions. [0003]Certain methods of making borated sulfonates are
known in the art. For example, in U.S. Patent No. 4,683,126, Inoue et at
diso@eed a tworkteprenathpe dend peHeing t@%”(ﬂi;ﬂﬁ/&ﬁ daatahbame o
dispersion. During the first step, materials (A) to (E) are mixed and
upsierge Argasliondiree elaRGuheiedA) is 100 parts by weight of an
oil-soluble neutral sulfonate of an alkaline earth metal; (B) is 10 to 100

PEtetly weightratadndioxide arvaR MddeDi-ampdaine By anetdaleriguce
boric acid in an amount that is 0.5 to 6.5 times of that of (B); (D) is 5 to 50

pags: by Weight efimple Enand i isihe. B 2R RBHS RNWaIN @fsa il N

solvent. During the second step, the reaction mixture of the first step was

heatgshier 100 ie 200Gl inerde! ie:rarasventh eulfaiar-a e v uetndbihifl to not only
dilution solvent. [0004]In two related patents, Hellmuth et at disclosed a

nmehad sipnepasing adap fatpdraddiivencngonat o tibfemerpasing@pskitions,

increasing the total base number (TBN) of such a borated additive.

Specifieathsvide icle sesiRedan wbibaPate HiNOand 48R &ddh, alibéaifdne pressure
additive prepared by reacting a lubricating oil dispersion of an alkaline

eadthunial washanademposiamalkaline earth metal hydrocarbon sulfonate
with a boron compound selected from the group consisting of boric acids,

b@@sspxides, ahaiacuactisdllofeskeng bbhosisaticsatbae Arervinikife art.
Patent No. 3,679,584, they described a process for increasing the

pFopertiatpl, aikdlfeParsthNoetab i ApaVashased/atkatiogedartivonatal method

sulfonate lubricating oil composition. That process comprised: (I) mixing a

canbpnaiiemgerh alediadlalitieresistrboretalisiéodate, Boralkalio &eacthp,

metal hydroxide, and boric acid; and (2) contacting the resultant mixture

withteashofhlioxiBeare mixed and undergo a reaction at 20°C to 100°C, where (A) is
100 parts by weight of an oil-soluble neutral sulfonate of an alkaline earth metal; (B)
is 10 to 100 parts by weight of a hydroxide or an oxide of an alkaline earth metal; (C)
is boric acid in an amount that is 0.5 to 6.5 times of that of (B); (D) is 5 to 50 parts by
weight of water; and (E) is 50 to 200 parts by weight of a dilution solvent. During the
second step, the reaction mixture of the first step was heated to 100° to 200°C in order
to remove the water and much of the dilution solvent.
10004} In two related patents, Hellmuth ef al. disclosed a method of preparing
a borated additive and a method of overbasing and increasing the total base number

~ (TBN) of such a borated additive. Specifically, they described in U.S. Patent No.

1



. [0005]In yet another example, Fischer et at disclosed in U.S. Patent No.

4,744,920, a carbonate-overbased product that was also borated.

Specifically, that process comprised: (a) mixing an overbased sulfonate

with one or more inert liquid media; (b) borating the mixture of (a) with a
baratigsdgenbaiatetbadpiod e phaidbgscidfficientybiowiiagsd\dntersion of an
substantial foaming; (c) raising the temperature of the mixture of (b) to a
teaipelatueerthaiandsdighaendhad thealialling ohhofdbtelroc)ybomaléonate with

‘substantially all of the water that was added to or generated from the
readisaonf ke pbend stlet tibfreactiezmvguen sty vitbleireiaidinyoron oxides,
substantially all of the carbonate; and (e) harvesting the product of (d).

- [0@n6 touedusthiky baaenple, SehliatitdiSelosed ¢, bh 8. RdteatNGo. 3,679,584, they
4,965,003, a process for preparing a borated and overbased oil-soluble
metaicdbter g endadslifiverfarchsbrictietpr&peadifically thiotatk ssetal in an
comprised: (a) mixing a metal salt dissolved in a hydrocarbon solvent with
a metdlabedelkaliha gothmsehlentf¢hytr datihopthe pibtahgadsitotu Ehef ga)cess
at a temperature ranging from about 10C to about 100C while passing an
acidingasdh oy ghixting mixtbrerafe)ditebmgd adkirbatedithixterd sfl(bhat san
temperature of about 10C to about 100C; (d) adding a borating agent to
thelktiatecotl{chenbhneoting thedfitvakeanidh 4hé (30 ratingrtge tidorsaltant
period of about 0.25 to about 5.0 hours at a temperature ranging from
aboirtk&ECHithatadetl @OKide) heating the borated mixture of (d) at a
temperature sufficiently high to distill all the water and a major portion of
thédBOEr solvent; (ficoniiheyr threxatishil) dtsalmet boratdtiaivisetdia bf 3ePatent No.
below the boiling point of the remaining solvent and filtering the cooled
filtdalld 493 pegaaboh gy -strippinedthe dod dehbme sibstil lbet iktrat & paifiad! pf that
(f) under a pressure ranging from about 10 to about 200 mms Hg, and at a

' teprpeestuEpgity Honiabg ah 20€ besat sutftBOE ke reloyoravorering liquid
the borated metal detergent additive. [0007]A variation of this process was
disctobad hybSetitichthetralxinre) o (Dardihn dNwr4{065.0084 aThtarppordure that was
comprised: (a) adding a borating agent to an overbased metal salt in the
presfidently dqyrdtipsoieerbstietihl frovibote suisen Gadaupetigforfabe
period of about 0.25 to about 5.0 hours at a temperature ranging from
aboir s {dabostieope aibicibatingsthizher sher thebailtednvirtwevstica) (d)
at a temperature sufficiently high to distill at least about 80 percent of the
provioechreshstusiglicytobihey watetibal sabeddedd nixanme vt fierb8leweaction
the boiling point of the remaining solvent and filtering the cooled filtrate
mifteirethanest @Y sweppastah adsiorsdé st leduiitrateiningtenbstmigglbivibphthe
pressure ranging from about 10 to about 200 mms Hg and at a
tegfsbeanieeanthihbeaytiap st podue abtdk 150C, and recovering the
borated metal detergent additive. 10008]Because of the prominent role of
bo¥i86ll sulfonatas ivesprtRelishcdiselogedriad- reMaifng Yreds905,003, a
interest and need to develop improved processes to manufacture these
sarEpcssstatrPFasehripieherd Auyiace Vinelwblgsanabisisrapréditive for
These desirable properties may include, for example, low sediment rates,
gOBaSBOTRESI AP X aPEERIOS §E SROMPESHaiALTERE amrtdrdsiasolved m a

[0009]Accordingly, in its broadest embodiment, the present invention
hydrocarbon solvent with a metal base and a polar solvent; (b) treating the metal salt

mixture of (a) at a temperature ranging from about 10°C to about 100°C while passing
an acidic gas through the mixture; (¢} filtering the treated mixture of (byata

temperature of about 10°C to about 100°C; (d) adding a borating agent to the filtrate
2



~ pertains to a new and improved process for preparing a borated alkaline

earth metal alkyltoluene sulfonate comprising: (a)reacting ( )at least one

oil soluble alkyltoluene sulfonic acid, or an oil-soluble alkaline earth
alkyltoluene sulfonate salt, or a mixture thereof; (ii)at least one source of
arphlkanng wastng B flEnE wistherkossing agsnbiron Prigeos rboank §e28fto

a mixture comprising: a. at least one hydrocarbon- solvent; and b. at least
oribhorfidlewislat averherish g (oorrbortnare tvabbbiily Yeide) heating
at least one of which is boric acid; (b)heating the reaction product from

stéls (orased reiripEs AU tHat lempeataranainendis tinahion distip alafifragter and
of the hydrocarbon solvent, the low molecular weight alcohol, and any
watBriETo@ey dihn g preso setias diwchstidrdret hamigdtapxture of
generated may be distilled from the reaction product of é_a); wherein no

exi@rHabelout dee st PRIBRIdhermalRnEcHINaR it &1 Hering theecooled filtrate

process.
mixture; and (g) stripping the cooled and distilled filirate mixture of (f) under a

pressure ranging from about 10 to about 200 mms Hg, and at a temperature ranging
from about 20°C to about 150°C, thereby rccox}ering the borated metal detergent
additive.

[6007] A variation of this process was disclosed by Schiicht et al. in U.S.
Patent No. 4,965,004, That process comprised: (a) adding a borating agent to an
overbased metal salt in the presénce of a protic solvent and a hydrocarbon solvent and
reacting for a period of about 0.25 to about 5.0 hours at a temperature ranging from
about 15°C to about 100°C; (b) heating the borated metal salt mixture of (a) at a
temperature sufficiently high to distill at least about 80 percent of the protic solvent
feed; (¢) cooling the distilled borated mixture of (b) to below the boiling point of the
remaining solvent and .ﬁltering the cooled filtrate mixture; and (d) stripping the cooled
distilled filtrate mixture of (¢) under a pressure ranging from about 10 to about 200
mms Hg and at a temperature ranging from about 20°C to about 150°C, and
recovering the borated metal detergent additive. |

[06608] Because of the prominent role of borated sulfonates as additives in the
lubricant art, there remains preat interest and need to develop improved processes to
manufacture these salts, so that the resultant product may have various desirable
properties. These desirable properties may include, for example, low sediment rates,

good pour points, and capacities to protect against wear and corrosion.
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[0010]The borated alkaline earth metal alkyltoluene sulfonate detergent of
the first aspect may be further overbased in an additional overbasing step,
using at least one overbasing acid that is other than a boric acid. [0011]In

a second aspect, the present invention pertains to a borated alkaline earth
mét&daikyltolueAswuifimgiteivéte yemdatiditivedimeay €t psésgnttievention
process of the first aspect. 10012]Persons skilled in the art will '
urpkstsitag e othey andl ifurthored plectssddvantpeesg ar feat abalbfdlzerth metal
present invention by referring to the following description. DETAILED
DEbgRiRFoONIGRIHEMIVENTION [0013]Various features and
embodiments are described below by way of non- limiting illustrations.
[068)4]The presegaciingntion provides a new and improved process of
preparing borated alkyltoluene sulfonate detergents as described above.
TH& borated alk§iliehsenrestiffoniutds picptludin adtortane witmthibsoluble
process may serve as detergents when included in a variety of industrial
lubricating oils. dlkeles detdhgdntabratcHivemtoraliedirnenixrate 8 good
flow properties at low temperatures, and favorable seal compatibilities. For
exdmple, the batdred akalinerearfamealidlitkydroltbensaulfonate salts
prepared in accordance with the process of the present invention
ddifionstrates |@hletstiphesoratesidushradndbs pheasraisarfteoniBtvn gemprising:
less than about 0.12 vol.%, or less than about 0.10 vol.%, or even less

than about 0.052ees, strchyssdesdenaelabaitrod3 vol.%, based on the
total volumes of the resulting salts. When added to lubricating oil
cdmpositions, tabletvasaley edacidantesbbalkatiohproved protection

against wear and/or corrosion.
and

C(1v) one or more overbasing acids, at least one of which is boric acid;
(b) heating the reaction product from step (a) to a temperature that is
greater than the distillation temperatures of the hydrocarbon solvent, the low
molecular weight alcohol, and any water generated during step (a), so that the solvent,
alcohol and water generated may be distilled from the reaction product of (a);
wherein no external source of water is added to the reaction mixture during the
process.
[6010] The borated édkaline earth metal alkyltoluene sulfonate detergent of the
first aspect may be further overbased in an additional overbasing step, using at least
one overbasing acid that is other than a boric acid.
[0011] In a second aspect, the present invention pertains to a borated alkaline
earth metal alkyltoluene sulfonate detergent additive prepared using the process of the

first aspect.



. [0015]Specifically, the process for preparing a borated alkaline earth metal

alkyltoluene sulfonate comprises: (a) reacting (Oat least one oil soluble
alkyltoluene sulfonic acid, or an oil soluble alkaline earth alkyltoluene
suifonate salt, or a mixture thereof; (ii) at least one source of an alkaline
edAlAktal; (i) Barreasskitledutee a5t potomdersas therrnd Srgheririiasts,
comprising: a. at least one hydrocarbon solvent; and b. at least one low

mefaniaeheigrtisrterslobihg prowwe B e bvaidfesing ol fellosvse

. onge of which is boric acid; (c)heating the reaction product from step (a) to

a fSASE@ADre that is

- DETAILED DESCRIPTION OF THE INVENTION

[0013] Various features and gmbodiments are described below by way of non-
limiting illustrations.

[6014] The present invention provides a new and improved process of
preparing borated alkyltoluene sulfonate detergents as described above. The borated
alkyltoluene sulfonates prepared in accordance with this process may serve as
detergents when included in a variety of industrial lubricating oils. These detergents
tend to have low sediment rates, good flow properties at low temperatures, and
favorable seal compatibilities. For example, the borated alkaline earth metal
alkyltoluene sulfonate salts prepared in accordance with the process of the present
invention demonstrates low sediment rates, such as less than about 0.15 vol.%, or less
than about 0.12 vol.%, or less than about 0,10 vol.%, or even less than about 0.05
wt.%, such as less than about 0.03 vol.%, based on the total volumes of the resulting
salts. When added to lubricating o1l compositions, they have also been found to
confer improved protection against wear and/or corrosion.

[0015] Specifically, the process for preparing a borated alkaline earth metal
alkyltoluene sulfonate comprises:

(a) reacting

(1) at least one oil soluble alkyltoluene sulfonic acid, or an oil soluble
alkaline earth alkyitoluene suifonate salt, or a mixture thereof;

(i1} at least one source of an alkaline earth metal;

(1ii) at least one source of boron, in the presence of a mixture comprising:
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. greater than the distillation temperatures of the hydrocarbon solvent, the

low molecular weight alcohol, and any water generated during step (a), so
that the solvent, alcohol and water generated may be distilled from the
product of step (a); wherein no external source of water is added
toahe reaction nabitast cheringitheapronasdvent Lemist One Hydrocarbon
Solvent [0016]Various known hydrocarbon solvents may be used in the
process of the prekest dneémtionoEoukxarajpht acilitdple hydrocarbon
solvent may be n-pentane, n-hexane, cyclohexane, n-heptane, n-octane,
isendtane, n-decane, or mixtures thereof A suitable hydrocarbon solvent

may also be an aromatic solvent, such as one selected from: xylene,
belizene, toluenencamdmixtaveshtsergad:ldsant demplary evhizbdienicafcid;
the present invention, the hydrocarbon solvent is xylene. At Least One

Ldiw) Molecular \Weigay hicotaoki(0Qtddacshitabkeal (ool foertiyepreseibiat is
process is typically one of relatively low molecular weight, having, for
exansatte thivothe Kigtiiboon k3nparboweatofisedndinrcarhonlsclientwhightvof

no greater than about 200. Alcohols of those molecular weights tend to
havwelpoiliarpysophisatbeliarerslifivieriiyr gonsaitthi thimg stay (o sistitkedhe solvent,
from the reaction mixture after the reactions are complete. For example, a
sutlabhe ldodhoitmrage s adebraeydotati tillad droaridiy wbduct of step (a);
low-molecular-weight monohydric alcohols, each comprising about 1 to

about 13 carborvatseis nvortespe sificakygSueteas adibohtl thayebetidomixture
example, methanol, ethanol, propanol, isooctanol, cyclohexanol,
cydoperimploésebutyl alcohol, benzyl alcohol, beta-phenyl-ethyl alcohol,

2- ethylhexanol dodecanol tridecanol, 2-methylcyclohexanol, sec-pentyl
aledhiatagh P nerHvaryicalicanbdiyemtexemplary embodiment of the present
|nvent|on the Iow molecular weight monohydric alcohol is methanol.

(OB suitableVienewdterwimhwisight boochdrentyrs dbosabiiyhygrizess of the

alcohol. For example, such an alcohol may be a dihydric alcohol, such as
ethiAesid yiyestion. For example, a suitable hydrocarbon solvent may be n-pentane, n-

hexane, cyclohexane, n-heptane, n-octane, isooctane, n-decane, or mixtures thereof.
A suitable hydrocarbon solvent may also be an aromatic solvent, such as one selected
from: xylene, benzene, toluene, and miﬁtmg:s thereof. In an exemplary embédiment
éf the present invention, the hydrocarbon solvent is xylene.

At Least One Low Molecular Weight Alcohol

[0017] A suitable alcohol for the present process is typically one of relatively
low molecular weight, having, for example, about 1 to about 13 carbon atoms and/or a
molecular weight of no greater than about 200. Alcohols of those molecularﬁweights
tend to have boiling points that are sufficiently low so that they may be distilled from
the reaction mixture after the reactions are complete. For example, a suitable alcohol
may be one selected from a variety of low-molecular-weight monohydric alcohols,

each comprising about 1 to about 13 carbon atoms. More specifically, such an
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. [0019]Moreover, in some embodiments of the present invention,
derivatives of certain suitable low molecular weight monohydric or
polyhydric alcohols may also be used. Examples of these derivatives may
include glycol monoethers and monoesters, such as monomethyl ether of
ethidehe gigrdicalier momeyheiraobfetihyidnprgbarol, AnilRd)ubldohexanol,
Alkyltoluene Sulfonic Acid [0020]The borated alkyltoluene sulfonate
addielreutiane precdany inlevdrbenay lrdedboilidet rameapl eiltgd lalobdiol, 2-
alkyholuene sulfonic acid. Methods of preparing sulfonic acids are known
in ey baxawbalidaignoharidepntlchenstiidnjcabickafichespegsany! alcohol, and
invention may be prepared by sulfonating an alkyltoluene precursor using
vaitgda ki swekulifdiictiner et eutlodis)dot eidmptesesufuvimtioid the low
sulfur trioxide, chlorosulfonic acid, or sulfamic acid. Other conventional
méthtsgalas iy thersglnir tthdHilnstlfardtion method may also be
applied, wherein the alkyltoluene precursor is mixed with a S03/Air falling
fillPd&le by CHEMIERONE)or BAlaEBTEA Alrolsd 203naismbetaepolyhydric
Ikyltoluene precursor may be originally derived from a conventional
FrieefaiobrEns suamndn shek alkglepbsitoiarhe avttadrioleltnhalnsuch as ethylene
a:gltoluene precursor of the present invention may comprise an alkyl
chlirfhat is about 10 to about 40 carbon atoms long. Another alkyltoluene
precursor of the present invention may comprise an alkyl chain that is
at86i9l to aboMiozerEsrhiBHemssbedmeatsarfotiraprasiephiveniéon, derivatives
precursor of the present invention may comprise an alkyl chain that is
a&f@@@@{b‘saﬁﬁrﬁ ISV EIDISALERD S gnored e i prenaith peaie bEthidsdnay also
to any position on the alkyl chain except for position 1 on the alkyl chain.
AdpEsebnEsrmplespiibeserdriivapprs saeingodrislyao! orapcshikys erdin
refers to the carbon position at the end of the chain. On the other hand,
thEemegstnai fuchrebBreg iy tsthes| abpd yirealsen] eadoansdstibather of
except for the position at which the methyl group of the toluene is
atbriere @M]The olefin that is used to alkylate the toluene can be a

step, but are preferably isomerized prior to the alkylation step.

(0883 REAREYRITT Rep ALY ise) Bisrat arolrsng s uberds ad Skiksahpdg of areparing

sulfonic acids are known in the art. Specifically, the alkyltoluene sulfonic acid of the
present invention may be prepared by sulfonating an alkyloluene precursor using
various known sulfonating agents, such as, for example, sulfuric acid, sulfur triokide,
chlorosulfonic acid, or sulfamic acid. Other conventional methods, such as the
SOs/Air Thin Film Sulfonation method may also be applied, wherein the alkyltoluene
precursor is mixed with a SOs/Air falling film made by CHEMITHON® or
BALLESTRA®.

10021} In turn, the alkyltoluene precursor may be originally derived from a

conventional Friedel-Crafts reaction that alkylates toluene with an olefin. An
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~ typically use one of at least two types of acidic catalysts for this purpose.
Specifically, the acidic catalysts can be solid or liquid. A number of known
solid acidic catalysts may be suitable, but a solid catalyst having at least

one metal oxide is preferred. The metal oxide can be one selected from:
natbydicreniitescsyriiratittzepties sSymthttio mejesulgrsiere sliandiaythat is
For example, the solid acidic catalyst comprises the acid forms of an ‘
acishatci@ytoartantatidierbooletmar siey eAopthacdlitdthemgpascarser agdhe
pore size of at least 6.0 angstroms. Useful acidic clays, including, for

- exaespie inentimo ritniten e ritez Bnd capio it inahe el ddeivbdulrohcarbon
naturally- occurring or synthetic materials. Pillared clays may also serve
astaliglition catalysithcDtliglivioeeutacsipreDitih presdirmentbaalptre
systems, having average pore sizes of less than 5.5 angstroms, may also
senemsacitidicdtahystshExampies il cusl 8M8, duhGCibisSROThE, toluene
SSZ-32, ZSM-23, MAPO-39, SAPO-39, ZSM-22, SSZ-20, ZSM-35,
Sudg4nibe Bnkid-Beamnpbsisien anchsyalkive tbafersestpsioT pesidemiapystbe alkyl
are described, for example, in HANDBOOK OF MOLECULAR SIEVES by
Robzimatie SzostalskNed ¥ drk axtavi il apsracidtR Sipdrilpn10o®) aandki chain
U.S. Patent No. 5,282,858, which are hereby incorporated by reference.
[08Z4T et hsormehizapiontioroabs cam ditleachiath oG fbe exanpladathe alkyl
temperatures ranging from about 50C to about 280C. Because olefins

techhin traveeHighddoiinkegoiness thegprbaes satbonipsishji careragifpmeosition
liquid phase, in batch or continuous mode. In the batch mode, a stirred
autoskivk beglaghiflaskuwbichertrlydns Heitached the desired reaction
temperature, is typically used. On the other hand, a continuous process is
mi23ficiently Thmiddlbuthisl & fired thediptaisabs. tusixeanbed prubesdefin or a
space rates, which measure the rates of contact between the reactants
amdistercatatysiobe ddsftam aliheeehthe BifsuiOtPals theoaltybrtiorpgent of
more WHSV (Le., weight of reactant feed per weight of catalyst per hour).
Thbaatal Retasrélrasgubethes wrrngdacisfinmtiamiaiisd hewd i wihste the
desired reaction temperature. The olefin can also be heated before itis =~
expbiad, thaveveattiy sl¢fin, J00H6P ivenaa zadicthry thaabe ayemgsiged prior to,
choose isomerization conditions under which particular levels of
isoranizatota sy ket pienar s PELRe ARy ferb s ieBriFshershtbihss
typically characterized by the amount of alpha olefins and the level of
bra¥etatgisparticular olefin sample or mixture. The amount of alpha

olefin and the level of branching can in turn be determined using variQus
cd¥¥2Blional mévshedsdiremetirsperisiparekagr FeaR ol ke art
Red (FTIR) spectroscopy. In a typical FTIR spectroscopy method, the

le VPl isareeansgd) b i eapHe o IRRS Aaridcrhalaliie 4op IS IRWART the
absorbance of a particular sample at 910 ¢ | and comparing it to_the )
91¥reriemoBaReis ‘é”éﬁb’r%’%iBﬁ’%ﬁﬁl&%ﬁﬁ%\&%‘ﬁ%ﬁr&g?hOWéghd
The level (or percentage) of alpha olefin in the calibration samples can

obsitiEAShEMBICS R TSCOYLARTARIAN 88 RagE RRE AL ide s

(NMR) spectroscopy according to known protocols. [0026]The percentage
of B ﬁeﬁﬁagﬁé&f%‘é B@%&%%@Wﬁﬁﬁ%ﬁ@%é@%ﬁﬁf&%ﬂ@%&
absorbance of a sample at 1378 cm-. This absorbance corresponds 1. the
extERtitss RTBIRRHARURSHAROHSF IRy T gFSupSr R SO GFigle catalyst
isomerized olefin sample is_then compared to the 1378-cm- absorbance of

a SEPBF SRR RIS TRTEY MACHEWH b aheh VBRI STy F ARy 4™ & eolte

articular olefin . _ ,
P having an average pore size of at least 6.0 angstroms. Useful acidic clays, including,

for example, montmorillonite, laponite and saponite, may be derived from naturally-
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mix to be tested is first hydrogenated, converting the unbranched portion

" to n-alkanes and the branched portion to branched alkanes. Gas
chromatography is then used to distinguish the unbranched n-alkanes

from the branched alkanes, the proportion of which correlates to the
pescanrtnpnchinthieahindist oRfituadc [RARWhe tbe/olefulsintha catalysts.
alkylation mixture may be branched or linear, an exemplary process of the
preégaat ivlendian sivelvasiaoraidiiaiuene! hairissdesnediomacattdiy © 6 sizes
primarily linear alpha olefins. [0028]The alkylation step of the present

invditicrimay. okespiacespriay tslssisetiltonemialy vithlyor alteanibes include SM-
isomerization step. It is however preferred that the isomerization step
octLixéATEIOG tRe Byl AfiIDRZASEY ARMIZE, INeAGHESiRS, tRAPEI S QISEEND 22, SSZ-20,
alkylate toluene comprise isomerized olefins. [0029]Various known

aligsaticns rsetiet Naad henis8d, tanthakenthicoaligdtalitie fefya eSO sE 04talysts
example, a typical alkylation reaction, which takes place in the presence

of adyekoted, oo dgmesitalysH aap comnpeleiulgserve Biis/psitpoROsamarie
Regardless of the method used to achieve alkylation, however, a

orfezstade NeactHoik, Naar y ataaybRuidetodd theopyefad adVassaleanituch

the reaction would take place. [0030]The alkylation process typically takes
plactBaisa dewipehattrbenabyging drporaadibby 26@réabout 250C. Similar to

the isomerization process discussed above, the alkylation process is
predéably carriétheitomailiqiich phasedomacse namidatetfHier liguidrdtetins

at these temperatures. The alkylation process may be activated in batch
ortemmkriotes mogieg\ditmt hboiar HSC moale ey CarBd st inldtheaiad to have
and stirred autoclave or glass flask, and with the latter mode carried out in

a hixghdbodthproness the pithesniosiaithly readtar @ffliretiktipiddihhaantaibatch or
alkyltoluene, mixed with excess toluene. The excess toluene can be
remsovadday distiHatlonhstripdingeedeapotatishaunstawacuglass diaskherhich may be
means known to those skilled in the art. An Alkaline Earth Metal
AlkyitollandSidfordte84lon temperature, is typically used. On the other hand, a

continuous procesé is most efficiently carried out in a fixed-bed process, In a fixed-
bed process, space rates, which measure the rates of contact between the reactants and
the catalyst beds, can range from about 0.1 WHSYV to about 10 or more WHSV (i.e,,
weight of reactant feed per weight of catalyst per hour). The catalyst is charged into
the reactor, which can be heated to the desired reaction temperature. The olefin can
also be heated before it is exposed to the catalyst bed.

[0025] Persons skilled in the art are able to choose isomerization conditions
under which particular levels of isomerization may be achieved. Specifically, the
level of isomerization is typically chéracterized by the amount of alpha olefins and the
level of branching in a particular olefin sample or mixture. The amount of alpha
olefin and the level of branching can in turn be determined using various conventional

methods, including, for example, Fourrier Transformed Infra Red (FTIR)

9



 [0031]A second and alternative starting material may be an alkaline earth

metal alkyltoluene sulfonate salt, which can also be prepared by methods
known to those skilled in the art. Specifically, it may be obtained by

reacting an alkyltoluene sulfonic acid with a source of suitable alkaline
easbomsial pANIexei i FTERd cemgiises eabiniveadigaciivebasge) of

of such a metal, such as a hydroxide, with an alkyltoluene sulfonic acid in
thelplie atstos; oha trydkaxtie p toniolkiwGernue nbendiindbisyshadlitar sample at
promoter may be water, but according to the present invention, no
expenahWatereoasf WaiehdD atides tebiierereticioalibdation samples with
Accordingly, the only water that may or may not be present in the reaction
mixtioveniglphe bigfrotivel of The feasdtion pstead: of Walehasokfttablehe calibration
alcohol such-as 2-ethyl hexanol, methanol, or ethylene glycol may serve
assthepleydraiicoptamaipfolmameieniplary’ oroeassaf thewpieseniagnetic
invention, the hydroxilic promoter is methanol. [0032]Moreover, this
regsiaaniak@S\iiics tetinecopo venrirding idmtvenrpsutivagssulfonate salt

may be dissolved. As stated above, that inert solvent may be selected
frgdt2ejpentanelie-pexaneceycidhaexdiiag ndbepitarte, meastanebisBoiRane,
ndecane, benzene, toluene, xylene, or mixtures thereof In an exemplary
prasessafhehyr ésbntingehtiahsdiaiinect sowepldsxybitecm™. This absorbance
[0033]Suitably, an alkaline earth metal of the present invention may be
calotuerpdaisunthmagnesufidebostraidiumibiitian ekempldryrenpbodieentofbance
the present invention, the alkaline earth metal toluene sulfonate is a
caldinmissattrimed thefiresatipéehatdenfdhapaai is caiclafthydfatisealse of a set
known as lime). In another exemplary embodiment, the reactive base is
caidicaliboxithe. {QOSKEWwelweightrhtimciboydenalecliprivedight pdcohdbtelefin
the source of an alkaline earth metal in the process of the present

inweintiorbés dyipit &lfirgt éatio teantah ot 201 ke grédatechzdpabiontto n-alkanes
0.30:1, or even greater than about 0.35:1. In exemplary process of the

prese itidivantiod i catio bfthehedndbatesf |Gasmidenalagwelghisdicohoied to
to the amount of an alkaline earth metal reactive base is about 0.40:1. In
antittiegexkihplanpprobedsailiweesrésantlinvemidedthbkaats tietheportion of
amount of low molecular weight alcohol to the amount of an alkaline earth
methicrecotivietbatetls gooten 133thin S e nofBoetei i f0B3S] The alkaline
earth metal toluene sulfonate salt of the present invention, whether
dei®¥p@d]originallyWioha the olcSoluisiéhe hikyletsuifonidueithaydreiboanvhestial linear,
or is itself the starting material, is further borated. Specifically, a source of
boromistivpiror poeckintof the reessibnvirtife ovattieee shigleruemrrhpt is derived
source may be in the form of, for example, boric acid, boron anhydride,
bolomesteirs)tr & piiarabdydinesritithing ¢Hnterials. The boron source of

an exemplary process of the present _
[0028] The alkylation step of the present invention may take place prior to,

simultaneously with, or after, the isomerization step. It is however preferred that the
isomerization step occurs before the alkylation step, so that the olefins that are used to
alkylate toluene comprise isomerized olefins.

[0029] Various known alkylation methods can be used to make the alkyl
toluene precursors. For example, a typical alkylation reaction, which takes place in

the presence of a hydrogen fluoride catalyst, may competently serve this purpose.
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~invention is orthoboric acid (also known as boric acid). Although no
external source of water is added to the reaction mixture, water is
nonetheless the byproduct of the reaction involving an alkaline earth metal
reactive base with either or both a alkyltoluene sulfonic acid or an alkaline

eRtpaliidiobithe sitlanpieesiols dchikeuBSeNEehOhevaHitRDIGIMtage reactor is

molecular weight alcohol. It is believed that condensation of boric acid

mayaeiscaliifythes@l asehe grefanaterd 0 invagtl feidealisomess Gual psace.
for example, those represented by the formulae below: HO." .70." MR BB

150680} .."..0." Thé kR BibB bt HpithTh eseofinesars iapHaase Witling
the alkaline earth metal reactive bases to form borated salts, thereby

inftedusbng i ahtintbdhediaingiaalth meialiadkydiohians suifensdesussed

One or More Overbasing Acids [0036]The borated alkaline earth metal

alkptiolyeneativiatieteysadtsOisth@ferably carried out in a liquid phase to
accommodate the liquid olefins at these temperatures. The alkylation process may be
activated in batch or continuous mode, with the former mode being carried outina
heated and stirred autoclave or glass flask, and with the latter mode carried outina
fixed-bed process. In either mode, the reactor effluent typically contains
alkyltoluene, mixed with excess toluene, The excess toluene can be removed by
disﬁliaﬁon, stripping evaporation under vacuum, or other means known to those

skilled in the art.

An Alkaline Earth Metal Alkvltoluene Sulfonate Salt

[0631] A second and alternative starting material may be an alkaline earth
metal alkyltoluene sulfonate salt, which can also be prépared by methods known to
those skilled in the art. Specifically, it may be obtained by reacting an alkyltoluene
sulfonic acid with a source of suitable alkaline earth metal. An exemplary method

' comprises combining a reactive base of such a metal, such as a hydroxide, with an
alkyltoluene sulfonic acid in the presence of a hydroxilic promoter. Conventiémaﬂy
this hydroxilic promoter may be water, but according to the present invention, no
external water source of water is added to the reaction mixture. Accordingly, the only
water that may or may not be present in the reaction mixture is the byproduct of the
reaction. Instead of water, a suitable alcohol such as 2-ethyl hexanol, methanol, or
ethylene glycol may serve as the hydroxilic promoter. In an exemplary process of the

present invention, the hydroxilic promoter is methanol.
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~ present invention are typically overbased. By definition, overbased

materials are characterized by a metal content in excess of that which
would be present according to the stoichiometry of the metal cation in the
sulfonate said to be overbased. The term "base number” or "BN" refers to

thpygapunt of bRsRAYYAIRNEHR O GRS A KPP Hhdrt 9N @AM Ghich the
sample. Thus, higher BN reflects more alkaline products and thus a

grRatenkAliiNaesaMEa I be BNOTsaMpales:san bsvdetamnined Byl @nt may be
variety of methods, including, for example, ASTM test No. D2896 and

othae Reyi¥aigNt pesasiiresetiie ley otelaiasehBpimie h-06tah B NsoiRiR, n-
to the amount of base equivalent to milligrams of KOH in one gram of
fupsionabiiidnd NERRACI MRS SftRihused théesshanoeablwilaribaseess of the
number" or "BN," respectively. The term "low overbased" refers to a BN

oRpfRBhoinveRlbe, tRAhe &dvdhiadesmnbigh overbased" refers to a BN

or TBN of about 60 or more. [0037]The alkaline earth metal alkyltoluene

SL[HiOBQIe salts @uﬁ%@[%ﬂlkmmﬂmmwhaﬂ&aﬁ%r@ﬁmubwﬂ@ be
about 500, or about 50 to about 400, or even about 100 to about 300,

suglicagabatuAb nirabeuh 20 A ntRxe Mhlany alkaling earibodieiaht of the

alkyltoluene sulfonate salt of the present invention is highly overbased and

hageachBiNwhabauthtehk {008 8iMankeonveational fareiladds addivaasiionnd the
conditions for overbasing involve overbasing by carbon dioxide. Examples

ofrga@iveieihods hackapnditinisrnig dascibesdo kh&yiP atenndyo. In another
3,496,105, and others. The borated alkaline earth metal alkyltoluene

sulfenaies ot @iasen the ventior: A oiariiatad oxaddh with one or more
overbasing acids, at least one of which is boric acid. Accordingly, if boric

aqgigbs4includedThdhe:piacads as e selscelal Woigh, dlcolay alshesenvedaf an
overbase the resulting borated salt. An exemplary process applies.a
siniielpxarhasingtalcia iwhiefis el ithapidscrhénPendeads HPRAy greater than
exemplary process of the present invention, a hydrocarbon solvent such
asikylerne2is: premixacnlareatonuin@ecylar sveigbtealephielssinhnng.35:1. In
methanol and a source of an alkaline earth metal such as a calcium
hysrensisleryTiscpse ofixliegpstemispeddometeatato néahaaniiant of low molecular
temperature, such as at about 15C to about 40C, or at about 20C to about
356k {HD4RMallawihg premixiodaardidlrecessame fdareaivibiiars iantiout 0.40:1.
other

In another exemplary process of the present invention, the ratio of the amount of low

molecular weight aléahol to the amount of an alkaline earth metal reactive base is
about 0.33:1.

A Source of Boron

[0035} The alkaline earth metal toluene sulfonate salt of the present invention,
whether derived originally from an oil-soluble toluene sulfonic acid starting material
or is itself the starting material, is further borated. Specifically, a source of boron is
introduced into the reaction mixture to achieve this end. That source may be in the
form of, for example, boric acid, boron anhydride, boron esters, or similar boron-

containing materials. The boron source of an exemplary process of the present

12



~ processing aids may optionally be added to the reaction vessel. [0041]An

alkyltoluene sulfonic acid may then be added to the mixture with agitation.
Typically, the alkyltoluene sulfonic acid is added slowly over a period of

time to avoid a rapid rise in temperature in the reaction mixture,

maimtaindmg tloethe hupisratid éadsatkapmixasreoincaacidy Adhabgnptemmal source
about 55C. Thereatfter, the reaction mixture is agitated for about 5 minutes
tocfboae 2B midedds teadmipe mintaref whiouiso@ethebsutsdepmdapoof the
41C to about 46C, so as to insure adequate neutralization of the alkaline
earthctivetah vehitigerbabelimheardaotionl meaatine isathonibovtber wsibgtha

bath or other cooling mechanism to about 20C to about 25C, or about 21C
toadbpin! 4@, subfdriccrield ar anislienkipe rantra Yariyduercavbionath gl tin the
about 3 hours. This neutralization step may be omitted if an alkaline earth
metaseotgara sultablats wahdletvdas taiabi Meobabl Ihsidatiord thitepedensation
sulfonic acid. [0042]A source of boron such as boric acid is then added
slofihptoacil perioeroirabdbe 2ocsanmaes tagbsutobminesidooligomers, such
neutralized reaction mixture, while maintaining the temperature of that

mb&uier axabple Jocetespissentsd by Hhesosmalasvedasyi holding the

reaction mixture at about 25C to about 50C for an additional 15 minutes.
Again, this mixture is cooled to about 20C tg%bgﬂtom(l?he cooling
mechanism is t removed ffpm the reaction v sselckaither immediately

~ or within about ?mﬁut\é@./[ 043]Typically, the réaction mixture is then

slowly heated to re o] r more various intermggiate temperatures. It

is believed that this stepped heating approach may serve to reduce the
armbesd ofi gedirethts iredbeviitiakipr adkudintreantexemleaytprobess af fhem
present invention, the reaction mixture is heated to a first intermediate
tebwperai sedtofthbeby GHE dudhg bbPhmitithes dtkaslbeutadt mictatediyltoluene

* followed by heating to a second intermediate temperature of about 80C in

abmifod@tesinutes to about 2 hours, followed by heating to a third
intermediate temperature of about 90C to about 95C in about 1 hour.

[0@&d bhaviove Beladtuldnwaidgikisalcohol, the hydrocarbon solvent, as well

as the water that has been generated during the reaction so far are then
refBo86}H from thEhebotivrd mikalive ttasbghetd pdicatiolienethdtimakmsaieof the

‘known in the art. An exemplary process of the present invention employs

thenessthiinowntimettog b aistitatidmssinBly hefbnitigtheveshastshrmirtigls are
to above the boiling temperatures of the alcohol, solvent and water. In that
probesei¢heckbyionaabeonteis freatsdstoatimivildsicwon batprasatipecording

about 1 hour. _
to the stoichiometry of the metal cation in the sulfonate said to be overbased. The

term “base number” or “BN” refers to the amount of base equivalent to milligrams of
KOH in one gram of sample. Thus, higher BN reflects more alkaline products and
thus a greater alkalinity reserve. The BN of samples can be determined by a variety
of methods, including, for example, ASTM test No. D2896 and other equivalent
procedures. The term “total base number” or “TBN” refers to the amount of base
equivalent to milligrams of KOH in one gram of functional fluid. These terms are

often used interchangeably with “base number” or “BN,” respectively. The term “low
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. [0045]Optionally, an inert liquid medium, such as a diluent oil or a

lubricant base oil, may then be added to the reaction mixture to reduce the
viscosity of the reaction mixture and/or disperse the product. Suitable

diluent oils are known in the art, and are defined, for example, in FUELS
ADRR1bEHBRI CANT S HBNDBUDKo{ Georngkt& abotteit). €the (@003 M) igh pagebased”
199, as "base fluids ... of mineral origin, synthetic chemical origin or

bisifigicial DBYint TBhayfnbtiwet0ecansary to add such an inert liquid

medium at this juncture if, for example, the product is extruded. [0046]The

- digidetion step Tiricithlicontirthescal aliplit Bitvauss! Atratterape rdttneroésent

about 180C to about 200C, followed by holding the reaction mixture for
aboudritpmminaytdaat 4128 Heof pboatulr8 .td hkoun FEHIC ek bikdlfiete abtuh i@l or
reactive base, source of boron (if other than boric acid), and boric acid are
theveritminatdd usatgwoitierticdnas abduvEilknoaboun2dodsnstishmgdary alkaline
centrifugation and/or filtration. In an exemplary process of the present

ineanthi ovgt fll tabitidto badaesspl fomtin wWie gfitwarrescof meertain filleghiy dvearbased
precoated pressure filter and the resulting product is washed with precoat
oikanhHastarEAN 0046§Théasulting borated alkaline earth metal

alkyltoluene sulfonate salt of the present invention comprise about 2 to

aljots & wt.%, orabpub8viontitsml trictitods, amdevertiaboundiddqesdboaverimsing
wt.%, such as about 3.5 to about 4.3 wt.%, of boron. The level of boron in
thinsalivcancbesienbyredioy disrtide. sBurdaptesadthudsniticdscandfonditions are
known in the art, such as, for example, the ASTM D4951, or ASTM
D8iRFiHetbie &St Ritenta¥al P drdde dndlletiers. ehnth boratad allkyilbol eprgh metal
sulfonate of the present invention typically has a boron to alkaline earth

meliay liotueaticwfindies odtigepufsatbinverionteralovatheed cschpotit ane.gr more
to about 1:0.6, or even about 1:0.5 to about 1:0.58, such as about 1:0.51
tocadechasin® H6d§0a4834¢ boeatbukilkalinbosiartithefsdcamdiitelneddoric acid is
sulfonate salt prepared by the process of the present invention typically
hasduided setlirmotestaTieiseiiced botomatshaealpasatis lesyengase the
about 0.15 vol.%, or less than about 0.12 vol.%, or less than about 0.10 _
vokssltoreventessihaf mbown 0% pessssareplias seisgleay ebeting agd. which
vol.%, based on the total volume the resulting salt. The sediment rate can
beéshers@ed by certain standard methods that are well known in the art,

such as the ASTM D2273. [0049]Moreover, a borated alkaline earth metal
alhiwitragessulfonate salt prepared by the process of the present

invention has a viscosity at 100C of about 150 cSt to about 280 cSt, or
ald8084170 cSt tdrapotirmrasprsgers &5 Beouesnd Bsentemehzdrecprhon
accordance with the ASTM D445. That salt may also have a flash point of
grealeantiasiadonl srot parraired BBBLA psomo waightiplcobel sygh as

measured in accordance with the ASTM D93. ) ) .
methanol and a source of an alkaline earth metal such as a calcium hydroxide. This

premixing step is performed at or near ambient temperature, such as at about 15°C to
about 40°C,.or at about 20°C to about 35°C.

{0040] Following premixing and if necessary, foam inhibitors and other
processing aids may optionally be added to the reaction vessel.

[0041] An alkyltoluene sulfonic acid may then be added to the mixture with

agitation. Typically, the alkyltoluene sulfonic acid is added slowly over a period of
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_[0050]This invention will be further understood by reference to the
following examples, which are not to be considered as limitative of its
scope. EXAMPLES [0051]The following examples are provided to
illustrate the present invention without limiting it. While the present
inviendionavakikaepidederihecviturefeiance iespestic:enbotinesisn thibe
application is intended to encompass those various changes and

sustiibitione tfahmayibewacerbysthosetskitled’D ihetaitB8POUThereafter, the
departing from the spirit and scope of the appended claims. Example 1.:

Preparing mix@xerbasieddd duatash @ d eiimbiadtaliven2(Sulfanaiat (D083 erature
a 5-liter glass vessel, about 228 grams of methanol, about 1800 grams of
xytéaboarthab oo bhoat 5 @arnsabhydide dklsbeuictdtinohydrokid el wisguate
mixed to achieve homogeneity or near homogeneity. About 572 grams of
ametfigditlatbnedditionikdnid carttichdiald-eacniclebuatar Vildig htaptiabonitiade,is then
was added to the vessel, while maintaining the temperature in the reaction
midulelinsihg sdrge of @bautcliGotmationuti 80T ThusteRidTionabast 25°C, or about
completed in about 15 minutes. About 291.9 grams of boric acid powder

wad Weo aetded40Chendesseld whildsnaintaining thegefopebaturelafithe about 3
reaction mixture in the range of about 30C to about 35C. The reaction

mixture Wassthertiebptad:itsisienpératuretfod deoutithimiratdsmEt toluene
vessel containing the reaction mixture was then heated in 3 steps: (1)

frond fabelat 3B G ttha blaut GG a2 atromiaidonf HaGitaahdfit®8aiand from

about 93C to about 128C. About 358 grams of a Group 1 mineral oil was
adé@édp the vegseband tfibmuxtsirehvaadsticrecid ihéhentideledixtomdyvweasr a period
then subject to centrifugation at a 10,0000 and the solid sediment was

renfaved: Thiniwasfotlaed BY mdaiteg ththéioqeidphastiadhount86@, while
under a vacuum of about 40 mbar, thereby distilling the solvent xylene.

[O8GRiE sy deetsnyeas epedibdt im i seeah dioatcD IS itgative s 6F. sTéps s

followed by holding the reaction mixture at about 25°C to about 50°C for an
additional 15 minutes. Again, this mixture is cooled to about 20°C to about 25°C.
The cooling mechanism is then removed from the reaction vessel either immediately
or within about 30 minutes.
[6043] Typically, the reaction mixture is then slowly heated to reach one or
more various intermediate temperatures. It is believed that this stepped heating
approach may serve to reduce the amount of sediments in the final product. In an
exemplary process of the present invention, the reaction mixture is heated to a first
intermediate temperature of about 65°C in about 20 minutes to about 40 minutes,

- followed by heating to a second intermediate temperature of about 80°C in about 90
minutes to about 2 hours, followed by heating to a third intermediate temperature of

about 90°C to about 95°C in.about | hour.

15



~and the same amount of all materials except that the amount of methanol

added to the premixture was increased to about 240 grams. The resulting

salts were analyzed and its various properties are listed in Table 1 below.

Table 1: Analysis of the Borated Calcium AlkylToluene Sulfonate Salts

Prigddjes Batcht Ratahdoatlds @ailghtaicobél, AlRhwdYeShinus@-8hQ 80well as
the water that has been generated during the reaction so far are then removed from the
reaction mixture through separation methods that are known n the art. An exemplary
process of the present invention employs the well-known method of distillation,
simply heating the reaction mixture to above the boiling temperatures of the aleohol,
solvent and water. In that process, the reacﬁon mixture is heated to about 125°C to
about 140°C in about 1 hour.
[0045] Optionally, an inert liquid medium, such as a diluent oil or a lubricant
base oil, may then be added to the reaction mixture to reduce the viscosity of the
reaction mixture and/or disperse the product. S}litable diluent oils are known in the
art, and are defined, for example, in FUELS AND LUBRICANTS HANDBOOK, (George E.
Totten, ed., (2003)) at page 199, as “base fluids ... of mineral origin, synthetic
chemical origin or biological origin.” It may not be necessary to add such an inert
liguid medium at this juncture if, for example, the product 1s extruded.
[6046] The distillation step typically continues for about 2 hours at a
temperature of about 180°C to about 200°C, followed by holding the reaction mixture
for about 15 minutes at that temperature. The unreacted alkaline earth metal reactive
base, source of boron (if other than boric acid), and boric acid are then eliminated
using conventional and well known methods such as centrifugation and/or filtration.
In an exemplary process of the present invention, filtration takes place in the presence
of a certain filter aid in a precoated pressure filter and the resulting product is washed
with precoét o0il and stored.
10047} - The resulting borated alkaline earth metal alkyltoluene sulfonate salt of

the present invention comprise about 2 to about 6 wt.%, or about 3 to about 5 wt.%, or

even about 3.2 to about 4.5 wt.%, such as about 3.5 to about 4.3 wt.%, of boron. The
16



~wt.% Boron 4.09 4.08 Base Number (mgKOH/g) 168 174 Closed Cu_p
PMCC Flash Point ('C) 202 196 Example 2: Larger Scale Preparation of
An Overbased Borated Calcium Toluene Sulfonate 100541A 1900-liter
stainless steel reactor equipped with a turbine mixer,

level of boron in the salt can be measured by certain standard methods that are well
known in the art, such as, for example, the ASTM D4951, or ASTM D5185.
Moreover, the resulting borated alkaline earth metal alkyloluene sulfonate of the
present invention typically has a boron to alkaline earth metal ion ratio of in the range
of about 1:0.2 to about 1:0.7, or about 1:0.3 to about 1:0.6, or even about 1:0.5 to
about 1:0.58, such as about 1:0.51 to about 1;0.56.
10048] A borated alkaline earth metal alkyltoluene sulfonate salt prepared by
the process of the present invention typically has a low sediment rate. Typically the
volume of sediment is less than about 0.15 vol.%, or less than about 0.12 vol.%, or
less than about 0.10 vol.%, or even less than about (.03 wt.%, such as less than about
0.03 vol.%, based on the total volume the resulting salt. The sediment rate can be
measured by certain standard methods that are well known in the art, such as the

- ASTM D2273.
[06049] Moreover, a borated alkaline earth metal alkyltoluene sulfonate salt
prepared by the process of the present inyention has a viscosity at 100°C of about 150
¢St to about 280 ¢St, or about 170 ¢St to about 250 ¢St, such as about 200 cSt, as
measured in accordance with the ASTM D445 . That salt may also have a flash point
of greater than about 170°C, or even about 180°C, such as about 190°C, as measured
in accordance with the ASTM D93,
16050] This invention will be further understood by reference to the following
examples, which are not to be considered as limitative of its scope.

EXAMPLES

[0051] The following examples are provided to illustrate the present
invéntion without limiting it. While the present invention has been described with

reference to specific embodiments, this application is intended to encompass those
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~a hot-oil jacket and a cooling coil was used as the reaction vessel. About
798 kilograms of mixed xylene was charged into the vessel. The reactor
~was then cooled to about 20C, which was below the flash point of xylene.
A nitrogen purge step was used to reduce the amount of oxygen in the

reQaiRRiO- AR AP HILARAHDAL I BBRARS RIAGWB R AXIOR BRWEEHithout

was then added to the reactor via a screw conveyer. The contents in the

reasiARHRSBINAEY AR MRS b aBHLARY Kilagams of alkyltoluene

sulfonic acid was added to the reactor over a period of about 48 minutes,

dUsRaWWNCD the temRSHatured dRsae Ao PRI LS IRSE AR RO 2 Rulfonate

The reactor was cooled to about 20C, and about 195 kilograms of boric

aggowsp added through4heSURW cRREYHRYENE pariadehaboiol Ghout 1800
minutes. About 113 kilograms of methanol was then added to the reactor

OVghAPEIIOH G aRAULBEOUS SrAlE Y WRIGR BRI AR BYRE RBIe) were

reaction mixture rose to about 36C. The contents of the reactor was

blegded mndnrixefah HiahieBERIN RolabahRiaANothar Impinmiess e

reactor was then heated in 4 steps at atmospheric pressure to remove the

methanabendsthe-watgtitalmas gencraed duringi e seaston (L) draMdded to

about 34C to about 69C, over a period of about 60 minutes; (2) from about :
696 103U HBCHavaEAPEIRE ehakeut0Q minesidShirameRout (8lze of
to about 93C, over a period of about 60 minutes; and (4) from about 93C

10 ARRAUDART o, DVRK 300€NIOThRS ARRHERY/MBIPsHES ARG LASE KRaaRS OfA bout

a 100 Neutral Oil was added to the reactor. The reactor was then heated

toBhowt Al o aRerbadessHR I vihiaHaasidedvastedused, taakadhBhining the

mms Hg over a period of about 115 minutes so that the xylene may be

digtileeralite pfasswecohmigRetan RS ERes seatradtothe MBRSEREIChe
pressure. Thereafter, about 23 kilograms of 100 Neutral Oil was added to

thecheastomiARE R SN QENIH dhie RidRisiaionatous Barthwes USedvessel
to filter away the sediments, which was estimated to be about 1.2 vol.%.

[0055Thie g ene tinether atpdhirluanralsilionata 5ol was analiread-a6tits°C to

properties are listed below in Table 2. Table 2: Larger Scale Preparation

of D ¥erbaspdiBeialieshCaittinn AdlsvitoRienand tltanateutRripeitiabout 128°C.
Large Scale Batch wt.% Calcium 7.65 wt.% Sulfur

About 358 grams of a Group I mineral oil was added to the vessel and the mixture

was stirred. The entire mixture was then subject to centrifugation at a 10,000G and
the solid sediment was removed. This was followed by heating the liquid phase to
about 185°C under a vacuum of about 40 mbar, thereby distilling the solvent xylene.
[0053] This process was repeated in a second batch using the set of steps
and the same amount of all materials except that the amount of methanol added to the

premixture was increased to about 240 grams. The resulting salts were analyzed and

its various properties are listed in Table 1 below.
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~2.78 wt.% Boron 4,03 Base Number (mgKOH/g) 167 Kinematic Viscosity
@ 100C (cSo 112 WHAT IS CLAIMED IS: A process for preparing an
overbased borated alkalineé earth metal alkyltoluene sulfonate comprising:
(a) reacting (i) at least one oil soluble alkyltoluene sulfonic acid, or an oil

Sphunie alkadiRei eartihalyiiabdana Gulo RSl FRlfudHe B Mbskie Hireof;

Properties Batch 1 Bateh 2
wt.% Calcium 7.66 7.0
wi. % Sulfur 2.81 2.80
wi,% Boron 4.09 | 4.08
Base Number (mpKOH/g) 168 174
Closed Cup PMICC Flash Point ("C) 202 196

Example 2: Lareer Scale Preparation of An Overbased Borated Caleium

Toluene Sulfonate

[0054] A 1900-liter stainlegs steel reactor equipped with a turbine mixer,
a hot-oil jacket and a.cooling coil was used as the reaction vessel. About 798
kiiégrams of mixed xylene was charged into the vessel. The reactor was then cooled
to about 20°C, which was below the flash point of xylene. A nitrogen purge step was
used to reduce the amount of oxygen in the reactor fo about 3 ppm. About 126
kilograms of calcium hydroxide powder was then added to the reactor via a screw
conveyer. The contents in the reactor was blended and mixed, while about 351
kilograms of alkyltoluene sulfonic acid was added to the reactor over a period of
about 48 minutes, during which the tempefature of the reaction mixture rose to about
43°C. The reactor was cooled to about 20°C, and about 195 kilograms of boric acid
was added through the screw conveyor over a period of about 10 minutes. About 113
kilograms of methanol was then added to the reactor over a period of about 15
minutes, during which the temperature of the reaction mixture rose to about 36°C.
The contents of the reactor was blended and mixed at that temperature for about
another 15 minutes. The reactor was then heated in 4 steps at atmospheric pressure to
remove the methanol and the water that was generated during the reaction: (1) from
about 34°C to about 69°C, over a period of about 60 minutes; (2) from al:;out 69°C to

about 78°C, over a period of about 100 minutes; (3) from about 78°C to about 93°C,
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(i) at least one source of an alkaline earth metal; and (iii) one or more

overbasing acids, at least one of which is a boric acid, in the presence of a
mixture comprising: (1) at least one hydrocarbon solvent: and (2) at least
one low molecular weight alcohol; (b) heating the reaction product from

stepda) iAdeTRAHILES ki grarierfRnheslisiiatien BoHeEtTEs ver a
of the hydrocarbon solvent, the low molecular weight alcohol, and any

Waleh GeBeEBtRA 0 iR, A0dnat B1kseivents AlcoN0) anditatenl was added to

generated may be distilled from the product from step (a); wherein no

ex{REnah eI CEnefwiatey isaadsdecheuddddRBRIOLESE antile) pvaihasinthe
said overbased borated alkaline earth metal alkyltoluene sulfonate

pregaied FamesieRd (ahaHe 60) with PhRcoosragieioderbasing laddsindiEheo that
process according to claim 1, wherein the low molecular weight alcohol is

a renavelimaoah @kt BeBhernegsessuachoiiingdaciaim thbereditae to the

monohydric alcohol is methanol. 4. The process according to any one of

themiessding slaisass, WieseiTiiedbyiracakiopraalyent Exytanel Gil e added
process according to any one of the preceding claims, wherein the source

of aniaikalior casthaetat isian alkaline Aash digtakiiyduexaiehoranused to filter
alkaline earth metal oxide.

away the sediments, which was estimated to be about 1.2 vol.%.
[6055] The resulting borated toluene sulfonate sait was analyzed and its
properties are listed below in Table 2.

Table 2: Larger Scale Preparation of an Overbased Borated Calcium Alkyltoluene

Sulfonate
Properties Large Seale Batch
wt. % Calciom 7.65
wt.% Sulfur 2.78
wt.% Boron 4.03
Base Number (mgKOH/g) 167
Kinematic Viscosity @ 168°C (c81) 112
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6. The process according to claim 5 wherein the source of alkaline earth
metal is calcium hydroxide. 7. The process according to any one of the
preceding claims, u her comprising a source of boron other than boric
acid. 8. The process according to any one of the preceding claims,
wherein the weight ratio of low molecular weight alcohol to source of
alkaline earth metal is greater than about 0.2:1. 9. The process according
to claim 8, wherein the weight ratio is greater than about 0.3:1. 10. The

WHAT&%&%§W&§Q to claim 9, wherein the weight ratio is greater than

2.

about 0.4:1. 11. The process according to any one of the preceding

claims, wherein the alkyl group of the oi| soluble alkyltoluene sulfonic a%

B SRR 1 SRR B A GBI AP TS 6 Brar mc
koegrialkyl group of the alkyltoluene sulfonic acid is about 10 to about 40
carbon(%toms in length. 13. The process according to claim 12, wherein

the line Iéﬁ%/tlmg%‘oup of the alkyltoluene sulfonic acid is about 12 to about
30 carlioraimmisine Bhgthible 4]KFie iproecesFatcordingrtenchainplBle alkaiine
whereiq. {ae Jipernaled shiamel e glkylslisnsylignic acid is about 18

to about 26 carbon atoms in length. 15. The process according to any

one of tHepletsdiryseliins! whelehnheagherstdedBorated alkaline earth

metal touerie Splipnate, DA A LBNR! A90M 1040 A0RKESOD6AR: 18 in the

process according to claim 15, wherein the overbased borated alkaline
earth nREEAPRERETETSHEAARTRES BET BN s oR SOV ABunAmdy ent; and (2) at

least one low molecular weight alcohol;

(b) heating the reaction product from step (a) to a temperature that is greater than
the distillation temperatures of the hydrocarbon solvent, the low molecular weight
alcohol, and any water generated in step (a), so that the solvent, alcohol and water
generated may be distilled from the product from step (a); wherein no external
source of water is added during the process; and

(c) overbasing said overbased borated alkaline earth metal alkyltoluene sulfonate

prepared from steps (a) and (b) with one or more overbasing acids.

The process according to claim 1, wherein the low molecular weight alcohol is a

monohydric alcohol.

J.

The process according to claim 2, wherein the monohydric alcohol is methanol.
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17. The process according to claim 16, wherein the overbased borated
alkaline earth metal alkyltoluene sulfonate has a TBN of about 100 to
about 300. 18. An overbased borated alkaline earth metal alkyltoluene
sulfonate prepared by the process of any one of the preceding claims. 19.
The process of claim 1, wherein the one or more overbasing acids in step
(c) is carbon dioxide. 20. A process for preparing an overbased borated
alkaline earth metal alkyltoluene sulfonate comprising: (a) reacting (i) at
least one oil soluble alkyltoluene sulfonic acid, or an oil soluble alkaline

4, dartpralicpitatueninguifonptesafttho peeomiitgrd dhercofiewiaheihydrecatieyh solvent
group is derived from an isomerized olefin; (ii) at least one source of an

is xylerglkaline earth metal: and (i) one or more overbasing acids, at least one
of which is a boric acid, in the presence of a mixture comprising: (1) at

5. | TBRPBREShIEHIC BB EBRRS ! G PTEr dRaeBha 5 hibR ST RERg i kaline

Icohol; and (b) heating th i t from st t
cath g PR O RS PR et the

6. %%291%%5 dsoycg’(%%ﬁ a%btagixlﬁ b WI‘PJ%%‘ lﬂé !%%l@@%ﬁk‘%ﬂi %Ie Qﬂ'ﬁx Wawgt@aﬁcium

genérated in step (a), so that the solvent, alcohol and water generated
hydroxigay be distilled from the product from step (a); wherein no external
source of water is added during the process. 21. The process of Claim

7. 2Ahe Wheeeinitbe-allodoroupnts Albaus - tna b Diithd Qe arbaampeRisg a source of
boron other than boric acid.
8. The process according to any one of the preceding claims, wherein the weight ratio of low

molecular weight alcohol to source of alkaline earth metal is greater than about 0.2:1.

9, The process according to claim 8, wherein the weight ratio is greater than about 0.3:1.
10. The process according to claim 9, wherein the weight ratio is greater than about 0.4:1.
11. The process according to any one of the preceding claims, wherein the alkyl group of the oil

soluble alkyltoluene sulfonic acid is a linear alky! group.

12 The process according to claim 11, wherein the linear alkyl group of the alkyltoluene sulfonic
acid is about 10 to about 40 carbon atoms in length.

13. The process according to claim 12, wherein the linear alkyl group of the alkyltoluene sulfonic
acid is about 12 to about 30 carbon atoms in length.

14. The process according to ¢laim 13, wherein the linear alkyl chain of the alkyltoluene sulfonic
acid is about 18 to about 26 carbon atoms in lengﬂa.

15. The process according to any one of the preceding claims, wherein the overbased borated
alkaline earth metal toluene sulfonate bas a TBN of about 10 to about 500.

1.6. The process according to claim 15, wherein the overbased borated alkaline earth metal

toluene sulfonate has a TBN of about 50 to about 400.
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22. The process of Claim 20, wherein the source of an alkaline earth
metal is calcium hydroxide. 23. The process of Claim 20, wherein the low
molecular weight alcohol is methanol and the hydrocarbon solvent is
xylene. 24.The process of Claim 20, wherein the overbased borated
alkaline earth metal toluene sulfonate has a TBN of about 10 to about
500. 25.The process of Claim 22, wherein the overbased borated alkaline
earth metal toluene sulfonate has a TBN of about 50 to about 400. 26.The
process of Claim 20, further comprising a source of boron other than boric
17.  atic. [2dcAss eventiise th bbrated allaline dartly enetsd calioyitetuigihel sl fonatenctal
prepared by the process of Claim 20.
alkyltoluene sulfonate has a TBN of about 100 to about 300.
I8.  An overbased borated alkaline earth metal alkyltoluene sulfonate prepared by the process
of any one of the preceding claims.
19.  The process of claim I, wherein the one or more overbasing acids in step {¢) is carbon
dioxide.
20. A process for preparing an overbased borated alkaline earth metal alkyltoluene sulfonate
comprising:
(a) reacting
(i) at Teast one oil soluble alkyltoluene sulfonic acid, or an oil soluble alkaline earth
alkyltoluene sulfonate salt, or a mixture thereof, wherein the alkyl group is derived
from an isomerized olefin;
(ii) at least one source of an alkaline earth metal; and
{iii) one or more overbasing acids, at least one of which is a boric acid, in the
presence of a mixture comprising: (1) at least one hydrocarbon solvent; and (2) at
least one low molecular weight alcohol; and
(b) heating the reaction product from step (a) to a temperature that is greater than the

distillation temperatures of the hydrocarbon solvent, the low molecular weight

alcohol, and any water generated in step (a), so that the solvent, alcohol and water
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generated may be distilled from the product from step (a); wherein no external source

of water 1s added during the process.

21. The process of Claim 20, wherein the alkyl group is about 10 to about 40 carbon atoms.
22, The process of Claim 20, wherein the source of an alkaline earth metal is calcium
hvdroxide.

23.  The process of Claim 20, wherein the low molecular weight alcohol is methanol and the

hvdrocarbon solvent is xylene.

24.  The process of Claim 20, wherein the overbased borated alkaline earth metal toluene
sulfonate has a TBN of about 10 to about 500.

25. The process of Claim 22, wherein the overbased borated alkaline earth metal toluene

sulfonate has a TBN of about 50 to about 400,

26. The process of Claim 20, further comprising a source of boron other than boric acid.
27.  Anoverbased borated alkaline earth metal alkyltoluene sulfonate prepared by the process
of Claim 20.
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