.A PROCESS FOR MAKING BORATED ALKALINE EARTH METAL
TOLUENESULFONATES [0001] The 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

sulfonat ' t I I-

prope R s AT e S AT KRRl rra
detergency, as well as anti-TOL HENEDHOEIBONATESreme pressure
advantages to such compositions. [0003] Certain methods of making

borated sulfonates are known in the art. For example, in U.S. Patent No.
4,0881P6, Inouthetjatsistiosediantpertsiep tmethothriorproduaindpamaking
alkaline earth metal borate dispersion. During the first step, materials (A)

to ez ptarbaikplew aadhumdetdolwereadiitmat20C to 100C, where (A) is 100
parts by weight of an oil-soluble neutral sulfonate of an alkaline earth
mERAN2B) is 10THeeapapitpts iy luteighting aihydrpdsitiar @rpoesiel ehdior reduce
alkaline earth metal; (C) is boric acid in an amount that is 0.5 to 6.5 times

of teat ofliRhiDicirable 6isanghbyfterciGiorof-waterininghdd)tises0aal 200

parts by weight of a dilution solvent. During the second step, the reaction
miattreudirt o fitstl stiplinasdrdatedalo dioeno @00 aatnsdaier btor domodadmet only
water and much of the dilution solvent. [0004] In two related patents,
Heéthpartrestaltaisoitisedan prathicidsoibeapaniplg yedboradeit atdiitivié cimepasitions,
method of overbasing and increasing the total base number (TBN) of

sult alsoravedladditiveenspesificdllys tndlyrdesenbewirntios, Metenttios pressure
3,480,548, a borated additive prepared by reacting a lubricating oll
diggensiegesftasuch compositions.

[6003] Certain methods of making borated sulfonates are known in the art.
For example, in U.S. Patent No. 4,683,126, Inoue er al. disclosed a two-step method
for producing an alkaline earth metal borate dispersion. During the first step,
materials (A) to (E) are 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.

[0004] 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.
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.alkaline earth metal carbonate and an alkaline earth metal hydrocarbon
sulfonate with a boron compound selected from the group consisting of

boric acids, boron oxides, and aqueous alkyl esters of boric acids.

Moreover, in U.S. Patent No. 3,679,584, they described a process for
inchedliivitt 8he propodtisiditivaledinecddrytronetialin lahriostérp ased] spikalvmeof an
earth metal sulfonate lubricating oil composition. That process comprised:

(1) ahkizhing sacdrbuteteadverassd alkallinbreagaiiimectd]dyifocthoarsulfonate with
alkaline earth metal hydroxide, and boric acid; and (2) contacting the
restbarnn gixapranwditieleaitsbiratiosid erf0pCBhhistiag ahbtiver asidanieon oxides,
Fischer et all disclosed in U.S. Patent No. 4,744,920, a

cartishequeove asketiorodiiborimacidss Moodouratén Ushdtitioalyo tA£79,584, they
process comprised: (a) mixing an overbased sulfonate with one or more
inefehigibedrapmseth fuonavagitethirtarensfompivtkelinsoratimgnaigént 2n a
temperature that was sufficiently low to prevent substantial foaming; (c)
raisifefprectertimdinagrstbmhtal miltanatolull) qgiagothpemnosiitnat hasprocess
higher than the boiling point of water; (d) remove substantially all of the
watsmhasedaslamizingrcegumetetecrhonsdrdled et frosiattsalfesttef an

the reaction mixture of (c), while retaining substantially all of the

carbléakitg; s eyRbhydeingang ksdirctad{@ndiBGdosutaptiagihhegsultant
example, Schlicht disclosed in U.S. Patent No. 4,965,003, a process for
prepé¥iie A Hbreagwrdipsidsrbased oil-soluble metal detergent additive for
lubricants. Specifically, that process comprised: (a) mixing a metal salt
dis$8888d in a hyasdamshes sranpikitishse i abisctosgbinblar Seivehiio.
(b) treatin% the metal salt mixture of (a) at a temperature ranging from

abdut 4b%tb apsonvo WS hrsiAbctdhal siafcadusbaraseyhSpreifically, that
mixture; (c) filtering the treated mixture of (b) at a temperature of about
10CTRFEHSEOIVTCL () aiding anguicibasrdgeHprsiheifirene opmore inert liquid

media; (b) borating the mixture of (a) with a borating agent at a temperature that was
sufficiently low to prevent substantial foaming; (c) raising the temperature of the
mixture of (b) to a-temperature that was higher than the boiling point of water; (d}
remove substantially all of the water that was added to or generated from the reaction
from the rest of the reaction mixture of (c¢), while retaining substantially all of the
carbonate; and (e) harvesting the product of (d).

[06006] In a further example, Schlicht disclosed in U.S. Patent No, 4,965,003, a
process for preparing a borated and overbased oil-soluble metal detergent additive for
lubricants. Specifically, that process comprised: (a) mixing a metal salt dissolved in a
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; (c) filtering the treated mixture of (b) at a

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



- of (c) and reacting the filtrate with the borating agent for a period of about
0.25 to about 5.0 hours at a temperature ranging from about 15C to about
100C; (e) heating the borated mixture of (d) at a temperature sufficiently :
hi %I{? ill all the yater and jar portion of olar salvent:
coh e R e e R TR R A oare

theysma! iﬂ&x%?'%ﬁ?”g%%%%%ﬁégr | %‘é‘?%g%%'e‘ja i&'&{;‘ °E“?i 8‘%%%&%‘?90@@% {¢) heating

strlpplng the coole mixture o nder a pressu
AR AR AP0 AR R TR e e
st e PR e R e e o

(@) adding; %%aﬂ%%ﬁﬁ&@o%&e%%%?ﬁgn%ﬁ@t%%'& ﬁ;lttg?n%r%%ec(?%%gfﬁltrate

a protic solvent an rocarbon solvent reacting for a perio
b o : ' t _
o e R SR T ek

e pascEiRbabio 1 st B IR0 ARYL S SO LG AlGing

olvent feed;7(c) cooling the distilled borated mixture o ow the

] G oG e e M S izt

preggiiie Janging from about 10 to about 200 mms Hg and at a
temperature ranging from about 20C to about 150C, and recovering the

borgifemetal dafergent AodiiNg ;{9)%%?3 RECARHALRS RIAMINELIOLS P s,

borated sulfonates as additives in the lubricant an, thefe remains great

INtereshAqd D8R3 IR evelaITRQVEHBIREESPES: IR MAMIRGIHIS IESE, an

salts, so that the resultant product may have various désirable properties.

TheSeHEIHaRE PLORGIUGS PAVHEINAS piBLEXBMAIE Y SSHINEM SRR vent and

good pour points, and capacities to protect against wear and corrosion.
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)ata
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 (c) 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.
0008} Because of the prominent role of borated sulfonates as additives in the
hubricant art, there remains great interest and need to develop improved processes to
manufacture these salts, so that the resultant product may have various desirable

propertics. 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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-3 [0009] Accordingly, in its broadest embodiment, the present invention
pertains to a new and improved process for preparing a borated alkaline
earth metal alkyltoluene sulfonate comprising: (a) reacting (i) at least one
oil cﬁﬂble alkyltoluene sulfonic acid, or an oil-soluble alkaline earth
alkfﬁ Okne sulfGrERaREY oL hiRTdesh erabAdumcat IbsRrsHaS B RREion
an alkaline earth metal; (iii) at least one_source of boron, in the presence
of AFHRAHE EMPASHYIrPIosEdusr S MRIrRasoh tRieh alknking catth metal
Ieagligoge low néﬁlgcular weight alcohol; and (iv) one or more overbasing
acitiyHPIogRs SHEPBHS ARIARE e acid; (b) heating the reaction product
from step (a) to a temperature that is greater than the distillation
tempreratures of & f&Irocarbon solvent, the low molecular weight
alcg‘Eol, and any water gene,ratedtgurir]gfstep (a), sq that the solvent

alcBhol and watd! [faRPaEY R AiHiektrsviirrieapib AT Atlcotble
(a); wherein no external sour f water is added tq the reaction mixture
during the proc %Bﬁféﬁtf’?fﬁ?ﬁ&gtwgmfﬂﬂﬁm%@ﬁﬂ%ﬂ@ﬁf&ﬁ%
sulfanate detergent of the first aspect may be further overbased in an
adcﬁH?onal overbggﬁﬁsg?élﬁ,sﬁgfﬁﬁ ﬁ‘@a@’f%ﬁg ?ng;lﬂ%@ﬁ%g acid that is
othﬁr.than a boric Zcid. 0011] In a second.aspect, the present.invention

pe Uths to a borAdSlRARSRYSS L EHDRANFSHRCE QG RIS WS EPgusing:
additive prepared IIISin theh%oces of the first agpect.
a. at leas I

one 0Carpon solvent; an
b. at least one low molecular weight alcohol;
and
{iv) 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.

[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.

10011] 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.



. 4 [00121 Persons skilled in the art will understand other and further
objects, advantages, and features of the present invention by referring to
the following description. DETAILED DESCRIPTION OF THE

NTION [00131 Varioys features and embhodiments are described
\ﬁm way of' ﬁéwwrﬁmﬁé.lm%%ﬁe @aiar:tt%@ﬁr&m THUBrRigR ects:
provides a new and |mproved process of preparing borated alkylﬁuene

ﬁéﬁ%ﬂ et S R aB bRy eSS BRIt dotowing

suI onates prepared in accordance with this process may serve as
etERFERE When included in a variety of industrial lubricating oils. These

detergents tend tﬁ hzvi Iiws _ aw properies t low
temperatures a -‘- %—Miﬁg
lkaline arth tal alk uene sulfonate alts, ared in
i 1k v mf?a&ref%yﬁéo SRS S SERES R B vy of non-
imy such as less than about 0.15 vol.%, or less than about
T TS

a§§ Ban about 0.10 vol. %, or even less than about 0.05

. h as less than about 0.03 vol.%, based on the total vol f
ﬁeﬁﬁi‘}né‘ s e\rﬁ%r?ﬂg%%sa%rrﬁ%rtgrﬁé%ﬁ‘%gﬁriggﬁa%ﬁé? WP

th

Iso b t d/or
oS B e B AROE LTt @e%%?'z%%ga”ﬁ%ﬁrﬁ’s PR okl horated
eartp aI alk Iuene sulfon te com |ses ‘%a% actrn at least one
oil sé‘rt’rr?b ﬂ(ﬁfx 8%%’1?8?1‘8 a%t&"S? ARSIt BTQ meaaYrﬁ%""’e as

alkxltoluen l{efonate 52 élor ami t}trrre~ reofél( L)1 at | ast ane squrce
ar al;

qier 1 1D n a varie ialdeticat mg o1ls. These de{ergents
an alkarme e me

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 oil 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 alkyltoluene sulfonate salt, or a mixture thereof;

(1) at least one source of an alkaline earth metal;

(ii1) at least one source of boron, in the presence of a mixture comprising:
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-(iii) at least one source of boron, in the presence of a mixture comprising:
5 a. at least one hydrocarbon solvent; and b. at least one low molecular
weight alcohol; and (iv) one or more overbasing acids, at least one of
which is boric acid; (c) heating the reaction product from step (a) to a
terfiperature that} e@?&a‘ﬁ%hﬂﬁ%ﬂ%@%é‘ﬁﬁ&%ﬂh%pemures of the
hydrocarbon solvent, the low molecular wejght alcohol, and any water
geRerated during'siést @ inirpeg!asailss weiaht aleehol and water
generated may be distilled from the product of step (a); wherein no
extdifial source of water is added to the reaction mixture during the
progess. At Least One Hydrocarbon Solvent R(‘)OlG] Varigus known . |
hydbtarbon sol Y8R AT TEa fiipratleasonmel yhighs boric acid;
invEntion. For example, a suitable hydrocarbon solvent may be n-pentane,
n- Kexane, cyclo %%Emgetﬁ, AIRBIHARETAIELAFRMiSEB darie AicRatpRrp fhat is
mixtures tggzje f. éﬁ syitable hydrocarbon solvent may also be an aromatic
SolFEHICG i He %*ﬁé‘i@&éﬁnﬁ%%@ﬁé%% ORI RORE ey low

mixtures thereaf.. In an exemplary embodiment of the present.invention,
the R/8F3 rB’Sf%b%‘}e%Pl%ﬁ PBEER L HUMOTEE i §Rdhghthe solvent,

Alcqhaol [0017] A suitable alcohol for the present process is typically one of
e L T e R e SV T L BP At S LA 13
carbon atoms and/or a molecular, we]if%hto no greater, t bout 200.

an _
Alcohols of those o i P HERH & Ll Ve HE ak?oti < i g grxture

suﬁéi'cientl low so that they may be distilled from the reaction mixture
after therrdgdtiGhe ire complete. For example, a suitable alcohol

At Least One Hydrocarbon Solvent |

0016} Various known hydrocarbon solvents may be used in the process of the
present invention. For example, a suitable hydrocarbon solvent maﬁr 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 miﬁtures thereof. In an exemplary embodiment
of 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 molecular weights
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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-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 6 alcohol may be, for example, methanol, ethanol,
propanol, isooctanol, cyclohexanol, cyclopentanol, isobutyl alcohol,
beAEMAIBABPH! -ﬁ@ﬂm@e’eﬁm6@@%%@%%&9963@%%&%%%
tridecanol, 2-methylcyclohexanol, sec-pentyl alcohol, and tert-butyl
alcBHOPPRYERUSHBIGA A ahereat! @*%@br@@é?ﬁfl%ﬁ%ﬁ! Hroholy 2-
molecular weight monohydric alcohal is methanol. [0018] A suitable low
moTEBUE* e O ARSEREE MidFsarel s BeiiRydrkexshoterBrEhalskol, and
such an alcoho| may be a dihydric alcohol, such as ethylene glycol.
[oo‘ffg?‘rﬂ%#@f Ol SRS FERRS G BB RTAvRHFAtion, the low

derivaltives of certain suitaé)le |%;W molecular weight monohydric or

polTIVEHAL KBNS Ag idHC Bl ohalds BYEthaBRs of these derivatives may
inc lycol mgnoethers and monoesters, such as monomethyl ether of |
ethkﬁ%ﬁgggwcm a%&%%ﬂa&ng\%&%f LA YIOL SR AliRS B Ry dric
AI%%%EHF Sulfonic, Acid 00201] The borated alkyltoluene sulfonate

-f

ad 18 BYETEEi e ACATS) B BRidSdoT alrsholottipies cthylene

alk ltol ene sulfonic acid. Methods of preparing sulfonic acids are known
in the art. Specifically, the alkyltoluene sulfonic acid of the present

inv may be prepared by sulfonating an alkyltoluene precursor using .
varf% nown s%#brﬁgﬁ?fgl 5/8%,@?%3:‘?5' G eSS ROy Jertatives

sulfur trioxide,. sulfopic acid, or sulfamic acid. Other conventi n |
meth f iy also

loro
e SRl s A PR o AR B i
sbplied, yherein he ajylalienc precusor s e i o SOYA eling

monoesters, such as monomethyl ether of ethylene glycol and monobuty! ether of
ethylene glycol.

An Qil-Soluble Alkyltoluene Sulfonic Acid

[0020] The borated alkyltoluene sulfonate additive of the present invention
may be derived from an oil soluble alkyltoluene sulfonic acid. Methods of preparing
sulfonic acids are known in the art. Specifically, the alkyltoluene sulfonic acid of the
present invention may be prepared by sulfonating an alkyltohiene 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 SOy/Air falling film made by CHEMITHON® or
BALLESTRA®.

{0021} 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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- BALLESTRA(r). [0021] In turn, the alkyltoluene precursor may be
originally derived from a conventional Friedel-Crafts reaction that
alkylates toluene with an olefin. An 7 alkyltoluene precursor of the present
invention may comprise an alkyl chain that is about 10 to about 40 carbon |
atld g AR O IBR R ASHLABNFEHPB ML corardst lkvigihaimipat is
comprise an alkyl chain that is about 14 to about 30 carbon- atoms long.
Y EOHo P RGBSR et A BUST A SR PREP IR AD e
an alkyl chain that is about 18 to about 26 carbon atoms Jong. The toluene

rinf Y R SRR TR A SR B Yhehairhehis ARoutd it orbest {fegbon

on the alkyl chain. As persons skilled in the art will appreciate, "position 1"
orPiRmsISAEN iR FRRthErBlREALUTBD R B O PA LA S e bR AT DN

the other hand, the alkyl chain can be linked tg the t}g?I]Lrjéene ring at any

caf BBWTSsHIoH Sk eRpp Rt A3R8 ibh I CAROHIA /8 ﬁﬁwﬁﬂa&g- of figoluene
toluene is attached, [0022] The olefin that is used to alkylate the toluene

cal i R RSREiF P% PRTEREB ERF @1@%&05&%5@?%% {89 fhe alkyl

typically the alkylation, t of choice. R dl heth i lefi
o B O SR TR 6 N R e P B G SRS EAn
[ ized, Th be.i [ iQr to, during, ter th
RSSO HERLABLTS SOk RN e BFor 18 (1 LRy L
[0023] Methods qf isomerizing olefin are knowrg. Persons skilled i tf}g all ”
ty R R DB it PR S PR SRR o R b s osition

oo B ALY B0 B AP HAONE catalyst having at loast

R e et o B L RIER DR SR AR Bietin o o
mixture of various olefins, although the latter is typically the alkylation agent of
choice. Regardless whether a single olefin or a mixture is used to alkylate the
toluene, however the olefins are often isomerized. They may be isomerized prior to,
during, or after the alkylation step, but are preferably isomerized prior to the
alkylation step.
[0023] Methods of isomerizing olefin are known. Persons skilled in the art
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: natural zeolites, synthetic
zeolites, synthetic molecular sieves, and clays, For example, the solid acidic catalyst
comprises the acid forms of an acidic clay, or an acidic molecular sieve, or a zeolite

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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- zeolites, synthetic molecular sieves, and clays. For example, the solid
acidic catalyst comprises the acid forms of an acidic clay, or an acidic
molecular sieve, or a zeolite having an average pore size of at least 6.0

ORI A PSSR A BB A A SER R o ctalyss

B SRR s S e e
o s " R AR R e
S SR NP R S B
N O M A VS ST co
R L B e P T
e R T T
e I R s e o e
e e L

whjch measure the.rates of con Ebtw en t?f@ ctants and, the
{ewggz{)ﬁgg’s (%nrﬁg% gré)rrx} ) ouESc()‘GS’t %(i M d’[’%,a Eaecilbse olettt;'ns tend to have

cata e om a to about or more

w 1,6 ight tant feed ight, of cat : h T

AN IS S B AR TR o
t] ' I h bef it |

R ERRRL AR SO NS PSR R s

isomﬁ{giatt(HHng&glj%)%ction temperature, is typically used. On the other hand, a
continuous process 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 WHSV to about 10 or more WHSY (ie.,
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)
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-under which particular levels of isomerization may be achieved.

Specifically, the level of isomerization is typically characterized 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
cafPFFHA O dBieriimied HJiHY Spesbosceamverbofabelensbtd meeseriags) of
for example, Fourrier Transformed Infra Red (FTIR%%;pectroscop .Ina
tyﬁhﬁ?@%ﬁ%ﬁé&%é&%@%@%@%@l@%@ﬁ@b% eRfc) Birtigplan sample at
olefins can be measured by following the absorbance of a particular )
sarmiléEt gitboemnquaﬁdtgeﬁbﬁa%&gqmo%Pfé)é@@@@r?f talibagtisasemples with
calibration samples with known alpha olefin levels. The level (or L
pe kYA GHP8RAHRA DR THEAISFRFFEEaRRbRISINT BB iR M Ladpration
example, from 13C quantitative nuclear magnetic resgnance (NMR)
spERIPBLEURY BE B S RMRoBEBs. foBuBy Rl parckrtgagetic
branching can also be measured by FTIR spectroscopy by following the

abLoithice O RLSREY AtoPRY 8GRt dinerR KIsaHEEE  Borresponds to

the extent of deformation vibration of methyl groups. The absorbance of

an i&8fbrized oftPSETRIRSR S EEHATER 5tk TeAsuEs by FTIR

absorbance of a set_of calibration samples with known branching levels.
TyﬁﬁfgngﬂsaOBaﬁp&Eﬂ&ﬁ&i@@n&ﬁﬁbfaria%?é& ORI drgeiedt i absorbance

converting the unbranched portion to, n-alkanes and the branched, portjon
R AR A R R e T

unbranched n-alkanes from the branched alkanes, th oportion of,
R RIS perER D EA TGV 1 ik S e myagssye of st

ex L ALRARE e AEEHE RN GETE FOIoed SHORBIERE Bap I
Sorke, T e ot SRttt OB TIE e
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 percent branching level in that olefin mix.

[0027] While the olefins in the alkylation mixture may be branched or linear,
an exemplary process of the present invention involves an alkyltoluene that is derived
from a mixture of primarily linear alpha olefins,

[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.

[6029] Various known alkylation methods can be used to make the alkyl
toluene precursors. For example, a typical alkylation reaction, which takes place m

the presence of a hydrogen fluoride catalyst, may competently serve this purpose.
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.simultaneously with, or after, the isomerization step. It is however

preferred that the isomerization step occurs before the alkylation step, so
thatthe olefins that are used to alkylate toluene comprise isomerized

olefins. [0029] Various known alkylation methods can be used to make the
alkrayriencobibemmstied paddraasipkyeatiplatpad bpaayer e aotoagonRsastor is
takes place in the presence of a hydrogen fluoride catalyst, may
coRfpekeAteye e drs thepsbared me) andrdishohesasiéenoroutb ke place.
achieve alkylation, however, a one-stage reactor is nearly always used as
thd W% rred veddeiatkvlption preqessdtibisallounkeanieptate COTsmLUTHEanging
alkylation process typically takes place at a temperature ranging from

ab e@%%&m@e@%@nﬂaﬁmﬂ@ lsdbrisemmsirqsion precessclisesged
above, the alkylation process is preferably carried out in a liguid phase to
acébidba ﬂétmjwa%@ﬁﬁ&ﬁ@fﬁ@é@&@@ﬁﬁ@@a{m@sahﬁwgmm
process may be activated in batch or continuous mode, with the former
massBRmef et thedigbidiwlsfing stdbean eamesruetodibelby gl raskss may be
and with the latter mode carried out in a_fixed-bed process. In either )
mdS Vaed At ceriny pRsamp o riviih dhe lieyrstumnde Relngrwimsd outina
excess toluene. The excess toluene can be removed by distillation, )
stripiteg B pERsiaoRliNE va&iRinllatonne Fithths kitshmedaisagded outina
skilled in the art. An Alkaline Earth Metal Alkyltoluene Sulfonate Salt

[0OBIF RGBS AN hrEPREIRRSHM i Aiek Ry TARY Bisall SRR earth
metal alkyltoluene sulfonate salt, which can also be prepared by methods

kndw 8 RS LKAt BEcs i odiasidAR SrerisiPhic b taibeitgioved by
reacting an alkyltoluene sulfonic acid with a source of suitable alkaline

eafth &?ﬁ&%’é’?é?ﬁﬁ%ﬁ%%‘@ibﬂ“%rﬁb%&&é&ﬂ@ﬁﬂﬁ&%éﬁ&% f9488se

of ssﬂﬁpegirl?%glér?uch as a hydroxide, with an

An Alkaline Earth Metal Alkvioluene Sulfonate Salt

[6031] 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. Conventibnaily
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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-alkyltoluene sulfonic acid in the presence of a hydroxilic promoter.
Conventionally 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
pré@&#dlin the relaiﬂ%wﬁﬁiﬁméqWHW@;al?@Fdﬂmﬁr%&&% i ydpiciuiths
water, a suitable alcohol such as 2-ethyl hexanol, methanol, or ethylene
glyEsviag suforaigsaiereRibs dirs t& fisd aRerpib iprrcdyest may be
the present invention, the hydroxilic promoter is methanol. 11 [0032]

M %ﬁ?@ii,@[ﬂ%"ré‘ai&f&%l@eé%?é{?e?quﬁ%éﬁf}%’?%ﬁi&i%én?e%%@nes n-
sulfonate salt may be dissolved. As stated above, that inert solvent may
bedSeABEIEANFERR: I HeRtarehehexaHE G IbREseind0 ALHarstaRkary process of the
n-octane, isooctane, n- decane, benzene, toluene, xylene, or mixtures
thé}@éﬁnm%wlg%@?ngl%ylﬁmg%ﬁﬁ‘@}%sent invention, that inert

solvent is xylene, [0033] Suitably, an alkaline earth metal of the present
inviditidh may be WAL BUAIRT, SREBRRERI AT REHERIIIFRLAR may be
exemplary embodiment of the present invention, the alkaline earth me aL

tol GRKTAEH R 8 LSRN 5 SIF OB HH N T BB B BIAEE R RRATREH R the
calcium hydroxide (also kngwn as_lime). In another exemplary . |
enmsaqméﬁﬂemweﬁaﬁ}g%%thmgﬁ#mﬂ& 1ol FemFigiHEYSHG gpd the
low molecular weight alcohol tq the source of an alkaline earrlté%m tal in

the' frEEshase e B RGP A oUTorBger

or greater than abqut 0.30:1, or even greater than about 0.35:1. In

ex &I e Bt e Br SR YRR GHCHREYRR B the amount of low
molecular weight alcoho| to the amount qf an alkaline earth metal reactive
B b0t 0 408 WS eh LSRR BACLES G RRSRaHs couree of n
inv%e[uti N, the ratio of the amount of %w molecuylar weight alcohgl to the h
amBHALET ST RIRATAL B DITPHISEST PldOR PSRy entioft 1s typically greater than

about 0.20:1, or greater than about 0.30:1, or even greater than about 0.35:1. In
exemplary process of the present invention, the ratio of the amount of low molecular
weight alcohol to the amount of an alkaline earth metal reactive base is about 0.40:1,
In another exemplary process of the present invention, the ratio of the amount of low
molecular weight alcohol 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 preéent 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
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- 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 E ecjfically, a soyrce ,%Sob n is introduced
intBYSBHH B BFIARRIEF 15! SRR VRO ahpr RS Be GrRRA! souree
form of, for example, boric acid, boron anr%]{%ride, boron eséﬁ imilar

rs, or s
DR A AR VAR SO el B S EL Qrthe
the present 12 invention ig.orthoboric acid (also known.as boric acid).
AITHOERP B VeeRR A PEe SPTIMRF T ZeRedy ?ﬁ%@&%@ﬁﬁ&?ﬁﬁﬁ&a
water is nonetheless the rodyct of the reaction.involving an alkaline
Pt HRIAFIE HORTBASH TP elinarE: HEh RIS RER L G b
or an alkaling earth alkyltoluepe sulfonate salt, in.the .presence of a .
SUREHEBH MGBLUTS WG SSURROT e B THACEBRen st sndsadon
bori¢ acid may occur in the presence of at%r to form Boric aci&j . b
ol SERHS AR S S eSS TG R (BB HE Fihligemers.sue
below;, HO~II~OOH HO ~O- 0O~ ~00H OH These oligomers
thett ’rféozic %éﬂgﬁ?aﬁ?ﬁéegg}?%qr%% erg%c }\%/?eaeo%sl!_é\svto form borated
salts, thereby introducing boron into the alkaljge eagth mgfal alkyltoluene
sulfonates. One or More Overbasing Acids [00:’? Tﬁé?ﬁorated alkaline
‘earth metal alkyltgluensrsulfomate salts of the presenbinvention are
typically overbased. ?y deﬁnition, overbased materi’als are

OH OH OH

These oligomers then react with the alkaline earth metal reactive bases to form
borated salts, thereby introducing boron into the alkaline earth metal alkyltoluene
sulfonates.

One or More Overbasing Acids

[6036] The borated alkaline earth metal alkyltoluene sulfonate salts of the
present invention are typically overbased. By déﬁnition, 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 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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- 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 the amount of

base equivalent to milligrams of KOH in gne gram of sample. Thus .
hiGHEFBIeT efrRiEES 1B RahREY 2P RAVSCR o et is Bk g verbased
reserve. The BN of samples can be determined by a variety of methods,

indRIETREP PP RH B AETRURLCRIBIFF2896 and other equivalent

procedures. The term "total base number” or "TBN" refers to the amount
of W22 equivalbhe R0FHG FAFTLTBY RO SHEgr S SrHg el R R Ricsent

These terms are often d interchangeably with "base number’ or "BN,"
et e e T e

2 to about 60, The term "high overbased" refers o a or, TBN of abou .
O (A N D A b T AL A o ERERRY aline
the present .inyention may have a TBN of about 10 to about 500, .or abqut

o A5y P R PRSI ) BB Ate OGRS B o pgpased
about 200. e%ﬁﬁx%r‘rﬁ)laryg kaline earth metal alkyltoluene sulfonate salt

of & E?’Eg' hILARGH ighly overbased and has a TBN of about 160.

o conemiol meiets shdcanion cendion oty
o e SISO 5 St A, RS0 AR T e
R 1R S5 e AT, USRS B
B L T T
aci%gy@ég&gi%&%j % %iads't one of which is boric acid. Accordingly, if boric acid is
included in the process as the source of boron, it may also serve to overbase the
resulting borated salt. An exemplary process applies a single overbasing acid, which
is boric acid.
The Process
[0039] In an exemplary process of the present invention, a hydrocarbon
solvent such as xylene is premixed with a low molecular weight alcohol sudh as
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°Cto
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 sulfonie acid is added slowly over a period of
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.The Process [0039] In an exemplary process of the present invention, a
hydrocarbon solvent such as xylene is premixed with a low molecular

weight alcohol such as methanol and a source of an alkaline earth metal

such as a calcium hydroxide. This premixing step is performed at or near
anfBié-otarapbraring e maespvig sbetteagbontaioromaiabung the

20C to about 35C. [0040] Following premixing and if necessary, foam
inHBRBPE RS et BistEsdhyTanss @W@B’ti&@fﬂl%%@&{o sreafier, the
reaction vessel. [0041] An alkyltoluene sulfonic acid may then be added to

the SRR ENwtRredgirataP dTippRRANY, IaivsAtts abaat i faimtasiy fstemperature
added slowly over a period of 14 time to avoid a rapid rise in temperature

in ﬂf@h@a&ﬁg"rﬁlﬁm&hm AfaRearaheint fetrpdeitAS 6 trevindere srdequate
range of about 20C to about 55C. Thereafter, the reaction mixtureis
agharedigrtignont hemthalie erabamtoloreamilieRast o B pestigrambsture is then
about 40C to about 50C, or about 41C to about 46C, so as to insure
ad&BYistbuT B A MR R IBFTRe ARG FRecBariARiaBboEbet e Babwutrhe C, or about
reactjon mixture is then cooled using a bath or other cooling mechanism _
to abdut2eketh Hbburnses hsihpidhis mpassoirneadorahaw hirymie about 3
this temperature range for about 1 hour to about 3 hours. This _
nelifdiizatida eahHizdion Sanmey banmitatitaathelinsasrthicesial toluene
sulfonate salt is the starting material instead of a toluene sulfonic acid.
[oo%BioRAs srtd INE SRR s HdReterd pldadveaadedoas A bver a

period of about 20 minutes to about 40 minutes to the neutralized )
rea@¥ddImixture AwtarEchdikeaAlcthasteRiscrcit e BFrdad dlara wpver a period
about 20C to ahout 30C. This is followed hy holding the reaction mixture _

at SbABPYSE BIABSEI SRS AL migtith e rivRLLEd rpagHRT FRgure, while

mixture is ¢ooled to about 20C to about 25C. o o .
maintaining the temperature of that mixture at about 20°C to about 30°C. This is

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.

16043} 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. Inan
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
mimites to about 2 hours, followed by heating to a third intermediate temperature of

about 90°C to about 95°C in about 1 hour.
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. The cooling mechanism is then removed from the reaction vessel either
immediately or within about 30 minutes. [0043] 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 He@be the amibatewiselgrnantsaicelipbebibabztrnsahorselvphgs well as
process of the present invention, the reaction mixture is heated to a first
intieriefriihae s eseratsdubene theasathoosminites theapaeveg! from the
minutes, followed by heating to a second intermediate temperature of
abBRCEOTHaHS (R chisDrE RN apeihodsHibararssnewa dphertidy ergmplary
third intermediate temperature of about 90C to about 95C in about 1 hour.
1510049 ofifba eipser dxmprovssgi alsdhe elkkmpare sas o sbristtagion.

well as_the water that has been generated during the reaction so far are
therehidoaingdhs tRectioastisH AR IS BIPdtsdeamps Fsss sl dhpateohol,
are known in the art. An exemplary process of the present invention o
ey 8 RNk SV HRIPRSE o i SRRSTHOR MEMHET Hesali b pehdto - to
mixture to above the boiling temperatures of the alcohol, solvent and
watePUn 5k drrlat lheWeaction mixture is heated to about 125C to

about 140C in about 1 hour. [(,)045}Optionall_y, an inert liquid medjum, .
sudfl4sla diluenPaieR bR Ext LoriE BidMEY tHehasé diuerf filipa lubricant

reaction mixture to reduce the viscosity of the reaction mixture and/or

dispesseitragydiice sterbie tifFeAEEM B RioRsHIathat ssAR X the
defined, for example, in FUELS AND LUBRICANTS HANDBQOK, )
(GETRERE TGS rair (T hegagdurso Sadata s yenbiails BF ipgryin the
origin, synthetic _chemical origin or biological qrigin." It may not be

e s S5 SRSl HEHE LI RS LHAR SRS R B (George E.

example, the product is extruded. . . . ,
Totten, ed., (2003)) at page 189, as “base fluids ... of mineral origin, synthetic

chemical origin or biological origin.” It may not be necessary to add such an inert
Hquid medium at this juncture if, for example, the product is extruded.

[0040] 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 precoat oil and stored.

[0047] ~ 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



[0046] The distillation step typically continues for about 2 hours at a
temperature of about 180C to about 200C, 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
adieNelapichbrmicmbid swlé ehe hastirenmarediby sientpizostendaidmabtodaibit are well
known methods such as centrifugation and/or filtration. In an exemplary
prseess i the sheswhtinentsampleationBkd4 PHRS inteSRdsentss of a
certain filter aid in a precoated pressure filter and the resulting product is
wadheyvitithp issdlsingibaradedteedioe4th Tiratadialiodubnesdfoaiita iiéhe
earth metal alkyltoluene sulfonate salt of the present invention comprise
abGsentaABERTELYI 0allp haba BoB ibta sl Buwath metal/ism s5iueRin the range
about 4.5 wt.%, such as about 3.5 to about 4.3 wt.%, of boron. The 16
levd|abpBblohinaabosilt Oah prabriduPetibyreattdin Stamdien ahstrob§.S to
that are well known in the art, such as, for example, the ASTM D495 1, or
ASPRND5E.88. siebresckautADrabimikpwoldietd alkaline earth metal
alkyltoluene sulfonate of the present invention typically has a boron to
alﬂ)ﬁlﬁﬁﬁlearth métheisisd sl Bnfreard rmakpd aﬁwgu@awz:mﬁqe%@m prepgmed by
or about 1:0.3 to about 1:0.6, or even about 1:0.5 to about 1:0.58, such
asthbBiicess S1the BIssRt Ty SRio0TREFRllY bopaderamaiment ap. nlapipally the
alkyltoluene sulfonate salt prepared by the process of the present

inVERHES 8fprdineRbs hwé\rh@%ahﬁ@nﬁxﬁétép Vpiealgpsibarahowddie vol.%, or
sediment is less than about 0.15 vol.%, or less than about 0.12 vol.%, or
led§thimmRse 8:10 Vot o, Bregve hers<oan 4R Qi D05 v EYsh fadpsaghan about

less than about 0.03 vol.%, based on the total volume the resulting salt.

The Suithéntritd earhsdotdlesdtres thy weriingstalddRe freinsas wacarde

well known in the art, such as the ASTM D2273, .
measured by certain standard methods that are well known in the art, such as the

ASTM D2273.
[0049] Moreover, a borated alkaline earth metal alkyltoluene sulfonate salt
prepared by the process of the present invention 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 ¢St, 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,
(006501 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 invention has been described with

reference to specific embodiments, this application is intended to encompass those
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[00491 Moreover, a borated alkaline earth metal alkyltoluene sulfonate
salt prepared by the process of the present invention has a viscosity at
100C of about 150 cSt to about 280 cSt, or about 170 ¢St to about 250
cSt, such as about 200 cSt, as measured in accordance with the ASTM
' D4vBiohahgagemayd alsos titwioss flbahngyie ofadedatehdbaskdlrlin t7O@T without
or even about 180C, such as about 190C, as measured in accordance
witteprreting TionDd8 sp3050d Tuipdndehtioppaalltbdaiter understood by
reference to the foIIowrng examples WhICh are not to be considered as

s Popp A\ 3HIGE Hoybiela ere Sulfonate
provrded to |IIustrate the present mventron without Irmrtrng it. While the
prd88hZinvention haknbeeide shibonsaithabefdZifoartanspd cifichanol, about 1800
embodiments, this application is intended to encompass those 17 various
chanyes el subsandtidreati 42 ihgyabes widdaltiethbew skillodrintydrantde) were
without departing from the spirit and scope of the appended claims.
Exansié . arhipysringrasosisy sased Homast Cilsiukbouk§tdlmems of an
Sulfonate 100521 In a 5-liter glass vessel, about 228 grams of methanol,
abslityl®bengramfsroe spidnehinichad euneisriBay reighbp higllratdd lirmas added to
(calcium hydroxide) were mixed to achieve homogeneity or near
" hoihegepsibywhild trabTrighegrib e mp cakyttoin dereastiom enaxierovih b range of
had a molecular weight of about 471, was added to the vessel, while
matheathitgGrie abavsefiifrel hishddisiastiunsrapmmeted th@barﬁgb? ahizpeut About
20C to about 30C. This addition was completed in about 15 minutes.
Abgil -2 gnamyparayisfasistipoaiigpesdbematdsdeddn Beasased tibilgasgintaining the
while maintaining the temperature of the reaction mixture in the range of
abdemBeatHr B ot sectiahmirsaetarihauge efabawedke e abemis3S’C. The

temperature for about 15 minutes. The vessel
reaction mixture was then kept at this temperature for about 15 minutes. The vessel

containing the reaction mixture was then heated in 3 steps: (1) from about 35°C to
about 65°C; (2) from about 65°C to about 93°C; and from about 93°C to about 128°C.
About 358 grams of a Group ! 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 methano!l added fo 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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-containing the reaction mixture was then heated in 3 steps: (1) from about
35C to about 65C; (2) from about 65C to about 93C; and from about 93C
to about 128C. About 358 grams of a Group | mineral oil was added to
the vessel and the mlxture Was stlrred The entlre mlxture was then

a ol -' ‘ A i . g

removed This.was followed by heating the |IC1UId Dhase to about 185C
under BRI of about 40 mbar, thpfp*ﬂﬁ“rhitllllnn the 58AlEhE xylene
10059‘7%’4\‘@3}9 SSWas-repea At H 7 ’Léﬁnnd fr\h 11 |7\20+ho cnt r\‘F

t.% Sulfuy 0 - EPEEEEE T T RY bateh-us 280

steps \W% Bl opaime amountofat-mate S except that utﬁ)smuuum of
methappl MR feIRCoRFgMIXIUTe Was ifggeased 1o abduy 240 grams.
The resuia T spits1roemasinpdyretCand fitmyarious propefties are listed in
Table 1 below. 18 Table 1: Analysis of the Borated Calcium AlkylToluene
Sulfonate Salts Properties Batch 1 Batch 2 wt.% Calcium 7.66 7.90 wt.%
Stilfunih 122 Boryet e e Prega®8tib A8 fBas O Nubnized Bdthikl {Hfcihvid
Closed Cup PMCC Flash Point C 202 196 Example 2: Larger Scale
PibdarsiedutfioAnatOverbased Borated Calcium Toluene Sulfonate [0054)
A 1900-liter stainless steel reactor equipped with a turbine mixer, a hot-oll
jafddnd a coolingActiOl-dgen sedndes thee et actidor wegsisieAbatht &/ 88bine mixer,
kilograms of mixed xylene was charged into the vessel. The reactor was
thehotanlgacket abdut@0Gpgvhidhwamssbé kntith ectlasbnpaissebf Aylems 98
nitrogen purge step was used to reduce the amount of oxygen in the
reldibtgramabbuti Spprylewioset diRBged 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 to 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 temperlature 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 1o about 69°C, over a period of about 60 minutes; (2) from about 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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_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 temperature
of tsraastisd nfirho FHsairesond 440 anabertisr (isabosled1oC, over a
about 20C, and about 195 kilograms of boric acid was added through the
scestiedatahoridibminpistiod beubd kidoammsed sal¥inieutzalidgramadded to
of methanol was then added to the reactor over a period of about 15
mitkraseelaringhsArepter avesiisarbeatedde mrom AZioR Mikthearesangin the
about 36C. The contents of the reactor was blended and mixed at that
tergrsigturasaediseditoaheth SO tamaiklaeyen avded wirahew thehmpiagieyso that
in 4 steps at atmospheric pressure to remove the methanol and the water
thaihwaslgenaiatdd disiHedindhe RrassHiq ) therrasissuvadbetorateisddodhe
over a period of about 60 minutes; (2) from about 69C to about 78C, over
a pemsSRiTals GuesorE mingteatien)dber Abbilegnesehblbestal (ibyas added
period of about 60 minutes; and (4) from about 93C to about 127C, over a
perfipihereasser 60 PrrstHESTABOUTR Sheiai gradianalerys MehtmOmde filter
added to_the reactor. The reactor was then heated to about 171 C and
theaBres e sotimratsenbioh Wassawneed 1o bhekrwd mivd Hg over a _
period of about 115 minutes so that the xylene may be distilled. The .
preb%d in the reactdPhssHhing Respirddyene sukioRmp et praasliged and its
Thereafter, about 23 kilograms of 100 Neutral Oil was added to the
reaPtBPeRipTaEs st dhslanitt thtblsid of diatomateous earth was used to
filter away the sediments, which was etimated to be about 1.2 vol.%
o PRI s arg rpeTela) {4 aR Lserhasge Qrated (alg Al

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

of sed Borated Calcium Alkyltoluene
Properties Large Scale Batch

wt, % Calcium 7.65

wt.% Sulfur 2.78

- wt.% Boron 4.03

Base Number (mgKOH/g) 167

Kinematic Viscosity @ 100°C (cSt) 112
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Sulfonate Properties Large Scale Batch wt.% Calcium 7.65 wt.% Sulfur
2.78 wt.% Boron 4.03 Base Number m KOH/) 167 Kinematic Viscosity
100C eSt 112 20 WHAT IS CLAIMED IS: 1 A process for preparing a
borated alkaline earth metal alkyltoluene sulfonate comprising: (a)

re ¥Ry TITROEAIMEL dRsoluble alkyltoluene sulfonic acid, or an oil
soluble alkaline earth alkyltoluene sulfonate salt, or a mixture thereof; (ii)
at least one soufcBTBFE BIkaNFRIEa%A hertiad elbae\mg@iﬂbﬁ@%a%%(fuene
boron, in the presence of a mixture comprising: 1. at least one
hydrocarbon soReHRMREPNBERMEL one low molecular weight alcohol;

and (iv) one or more overbasing acids, at least one of which is a boric

acid; (b) heating@\e re‘é?@ﬁHH%)roduct from step (a) to a temperature that

is greater than the distillation temperatures of the hydrocarbon solvent,
the low molecul&P weight!SHEbRABE, %hﬁom}ml“ene sulfonic acid, or an oil

soluble alkaline earth alkyltoluene sulfonate salt, or a mixture
thereof;
(ii)  at least one source of an alkaline earth metal;

(iii)  at least one source of boron, in the presence of a mixture

comprising;
1. at least one hydrocarbon solvent; and
2. at least-one low molecular weight alcohol; and

(iv)  one or more overbasing acids, at least one of which is a boric
acid;

® 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.

2. The process according to claim 1, wherein the low molecular weight alcohol s
a monohydric alcohol.

3. The process according to claim 2, wherein the monohydric alcohol is

methanol.
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10.

1L

12,

13.

14.

15.

16.

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

alcqiehrdec IR RFAGRSS AGCORE NIGHIOFBHNNE, URRESIENS MR ROYEISon

alcohol is methanol. 21 4. The process according to any one of the
precatipgGlaims, wherein the hydrocarbon solvent is xylene. 5. The
process according to any one of the preceding claims, wherein the source

of amaliraling aearthny el ahisoad dHalRe-eaHh Mmptal MNEIXiHe 86:@8 of an alkaline

alkaline earth metal oxide. 6. The process according to claim 5, wherein

the seureerafialkaling easihmelal IsGalgidr bysliaxideatn FRaaeess
according to any one of the preceding claims, wherein the source of boron

is boegaeit Rcdlip PIOCREE AN ARY-VTRIRIIRERFRGRANNG calcium
claims, wherein the weight ratio of low molecular weight alcohol to source

of alkatixedearth 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. Thepprreess aaans cingstonelafmdpwhaiei s yveightiiatie isugreat®bron is
than about 0.4:1. 11. The process according to any one of the preceding
claimsicwherein the alkyl group of the oil soluble alkyltoluene sulfonic acid

is a linear alkyl group. 12. The process according to claim 11, wherein the
line@hatkydgravpaith e aligytiol b he wedbag coitldswhbait the teialonidder low

carbon atoms in length. _ _
molecular weight alcohol to source of alkaline earth metal is greater than about 0.2:1.
The process according to claim 8, wherein the weight ratio is greater than about 0.3:1.
The process according to claim 9, wherein the weight ratio is greater than ébout 0.4:1.
The process according to any one of the preceding claims, wherein the alkyl group of the oil
soluble alkyltoluene sulfonic acid is a linear alkyl group.

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.

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.

The process accordin g to claim 13, wherein the linear alkyl chain of the alkylitoluene
sulfonic acid is about 18 to about 26 carbon atoms in length.

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

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

toluene sulfonate has a TBN of about 50 to about 400.
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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 claim 13, wherein the linear alkyl
chain of the alkyltoluene sulfonic acid is about 18 to about 26 carbon
atolis in [Bngtinodes. sEberpirgresslancordiwh deianjyconenédhadkpiaceditigmetal
claims, wherein the borated alkaline earth metal toluene sulfonate has a
TBN of abdytthiutmabdlitGddhdca TNy absstd O0ardabgun3didim 15,
wherein the borated alkaline earth metal toluene sulfonate has a TBN of
abdét 50 ThalpoutedOoc@2divs TThenp recess theqoedadiptootiaim, Thithehecenprising
the borated alkaline earth metal alkyltoluene sulfonate has a TBN of
about 10GueabbatiB@GidBwiktreiprbedssded ailiahigdeatynmiel afldfitoluene
preceding claims, further comprising an overbasing step wherein the
borated atkéifimete artpanstdicatksitpluen end (o maferhepaetaehwitepse or
(a) and (b) is further overbased with one or more overbasing acids. 19.
An overbasens beeehtesirglealite earth metal. alkyltoluene sulfonate
prepared by the process of any one of the preceding claims. 20. An
ovethasedhonsrbdsstk firaied atie inetatushianesil elie ltniona el frepanrsdpayed by
the process of claim 18. 23

the process of any one of the preceding claims.

20.  An overbased borated alkaline earth metal alkyltoluene sutfonate prepared by

the process of claim 18.
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