LOW TEMPERATURE PERFORMANCE LUBRICATING OIL DETERGENTS AND METHOD OF
MAKING THE SAME FIELD OF THE INVENTION The present invention is directed to low temperature
performance lubricating oils and a method of making the same. These detergents exhibit superior
performance¥t W 8fiperatures. BACKGROUND OF THE INVENTION Bvetisassasietergents are
well described to provide lubricating properties. Often such detergent additives are proportioned with
other lubricating additives to provide lubricating oil compositions that exhibit certain desired lubricating
properties. Alkaline-earth metal hydroxybenzoates are also known as additives for engine lubricating
oils. DESCRIPHHON ENTrEG RikA PERARIMASCEUNRIESIBNE D e prtibeR tbrigating oil

additives comprising the alkalingveastizmetsh iaol Riematgcarkerylic hydroxy acids containing
carboxylic acids having 16 to 36 carbon atoms. U.S. Patent Application Publication No. US

2007/0027044 describes a process f°£51 ILEISJ%{' 1Q 89'5 alkali metal alkylhydroxybenzoate, said
process comprising overbasing an alkar%m@rm&moate or a mixture of alkali metal
alkylhydroxybenzoate and up to 50 mole % of alkylphenol, based on the total mixture of

alkylhydroxypgnzeatgiandalkyipheneleaithA malpiexeeps-Ri-alknringrminnaiakhase and at least

one acidic overbasing material in the presence of at least one carboxylic acid having from one to four
carbon atom@ AR L EBRAN B818q ?ﬁet%eée&%{ﬁbeégﬁéﬁéﬁﬁ‘é“Sf B?B%‘fﬁi?@%ﬁtl%"arbons, aliphatic
hydrocarbonsmpeaeatcohols and mixtures thereof. European Patent Application No. 1,154,012
describes lubricating compositions comprising an oil, an anti-wear additive and a sole oil-soluble

overbased detergent comprising an aromatic carboxylate, such as a calcium salicylate substituted by a
hydrocarbon remainder. BACKGROUND OF THE INVENTION

Overbased detergents are well described to provide lubricating properties. Often such
detergent additives are proportioned with other lubricating additives to provide

lubricating oil compositions that exhibit certain desired lubricating properties,

Alkaline-earth metal hydroxybenzoates are also known as additives for engine iubricating

oils.

DESCRIPTION OF THE RELATED ART

U.S. Pat. No. 5,895,777 describes lubricating oil additives comprising the alkaline-earth
metal salts of aromatic carboxylic hydroxy acids containing carboxylic acids having 16 to

36 carbon atoms.

U.S. Patent Application Publication No. US 2007/0027044 describes a process for
preparing an overbased alkali metal alkylhydroxybenzoate, said process comprising
overbasing an alkali metal alkylhydroxybenzoate or a mixture of alkaii metal
alkylhydroxybenzoate and up to 50 mole % of alkylphenol, based on the total mixture of
alkylhvdroxybenzoate and alkyiphenol, with a molar excess of alkaline earth metal base

and at least one acidic overbasing material in the presence of at least one carboxylic acid



British Patent No. 1,146,925 describes lubricating compositions comprising, as lubricating agents,
polyvalent metal salts, in particular calcium, and alkylsalicylic acids comprising more than 12,
preferably 14 to 18 carbon atoms in the alkyl group. These salts can be prepared from the
correspondiry&aitithcs#lts, as synthesis intermediates, British Patent Nae<786st6i&/ckersssibes
polyvalent metal salts of oil-soluble organic acids, such as sulfonic hydrocarbons, naphthenic acids or
alkylhydroxybenzoic acids, in particular alkylsalicylic acids having an alkyl radical of up to 22 carbon
atoms. The alkylsalicylic acids can be prepared from sodium alkylsalicylic acids according to the

processes degatihgid BERAGASNASHT 345901 L3V,028 ANM 335, Ths sedu

alkylsalicylates des,crg)yed in quese British ggdtents are useful as si/fnthetlcl fntefmediates Pofr the
preparation of SR&HH BYSH 2RSS ARESHS R AR s anss el 288 BrwRe SRspdGibricating oil In

general, the above references describe processes for aromatic hydroxy carboxylic acids and their salts

which are degiyed.framp j : ivatives, such henol itself, cresols, mono- and
dialkylphenols, tﬁ% alky%%ég%%sﬁg%ll}%qf(rg’r?ﬁ gﬁ%ﬁ%x%cf&éai%gﬁaé Cg?ql’i’gfgéoeﬁﬁated phenols,
aminophenol SCRRFSEEONE,; a1 Aakittee) addiisiabt, sald ol ctebitbld megpbabrlsletengtthe like. The

processes desghiiathaln ieshaweyaielere fauRroducts havingBigh-sedinenioqnient at high TBN that
decrease produdpt é/iﬁ?ld and create added disposal expense. Thus, it is desirable to have a process that
ie

improves prof(la"ﬁcrfvya 8“br37nr}r?fﬁ| ei'i'zing the sediment resulting from such processes. SUMMARY In a
first aspect, there is provided a carboxylate detergent prepared by the process comprising (a)

alkylating a Dyiaypipmat; eqmpenniLwiibatigastans sapaal alobg.alalin faving from about 12 to

about 30 carbaon atoms per molecule that has been isomerized to obtain'an isomerized alpha olefin

having 15-08"W5PEAESTING BdalFaLEklal Sishan G RelR ST Bt sdersalintiapeidt 0.1 to about 30

wt%, therebycprashstiagnare gyl aterbiseieivyarematic.eomnenpd; ) NRutpabzingihe resulting
alkylated hydr%ygroggatic comggz%r}g with an a%gli mgtal b%fe to gprovid.e an alkali metal salt of the

alkylated hydsr%xygpomgﬁ%pglgmpoun ?f&rrgg%%na%ﬁ%f @ Afka Tatar e H5ATe éaf)efb) with carbon

dioxide thereby producing an alkylated hydroxyaromatic carboxylic acid alkali metal salt; (d) acidifying

the salt produsadirrsien (&) Wit agigkte-mQdiies e aliedatad hydrexyaigeatiscarbaylic acid; and
(e) overbasing the al Iateg réydroxyaromatic carboxylic acid with lime in the presence of carbon
By hro RIS BHCHveR

dioxide there BRSPS RHINPO USSR RepBURyts- dRtergent. In a second
aspect, therepsordeiddéid aalidyiicaitintg biviampatitorudicshpfising 2haibofh lkbreating viscosity and the

carboxylate %%E?[%@&M%B@E‘%‘Qn%ﬁﬁ%p%@& ?r%%las%cﬂg;'}na?]gyﬁgﬁ&ﬁ ic acids according to the
processes described in British Patents Nos. 734,598; 734,622 and 738,359, The sodium
alkylsalicylates described in these British patents are useful as synthetic intermediates for
the preparation of alkaline-earth alkylsalicylates, which are also useful as additives for

tubricating oil.

In general, the above references describe processes for aromatic hydroxy carboxylic acids
and their salts which are derived from alkaline salts of phenol derivatives, such as phenol
itself, cresols, mono- and dialkylphenols, the alkyl group having from about § to 18
carbon atoms, halogenated phenols, aminophencls, nitrophenols, 1-naphthol, Z-naphihol,
halogenated naphthols, and the like. The processes described above, however, lead to
products having high sediment content at high TBN that decrease product yield and
create added disposal expense. Thus, it is desirable to have a process that improves

product yicld by minimizing the sediment resulting from such processes.
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In a third aspect, there is provided a carboyxlate detergent having the following structure: OH 0
(CaCO03) (Ca0H2)z 2 wherein R is an alkyl group derived from an isomerized alpha olefin having from
about 12 to about 30 carbon atoms per molecule, having 15-98 wt% branching and a residual alpha
olefin content of between from about 0.1 to about 30 wt%; and wherein y and z are independently
whole of partial integers. In a fourth aspect, thereishihd4B&d an alkylated hydroxyaromatic compound
prepared by a process comprising alkylating a hydroxyaromatic compound with at least one normal
alpha olefin having from about 12 to about 30 carbon atoms per molecule that has been isomerized to
obtain an isomérizdtsalpipac dfierdavingyid:98 vatbobylaichicigrand prepsidddyalpharotefin content of
between from about 0.1 to about 30 wt%, thereby producing an alkylated hydroxyaromatic compound.
DETAILED DESCRIPTIEN OF THE INVENTION While the invention is susceptible to various
modifications and alternative forms, specific embodiments thereof are herein described in detail. It

should he Lnderstood. however, gl ihe dsseriplionhstein ofspasiismupdiments g ntended to
limit the invention to the particular Minisdisciosed; but on the contrary, the intention'is to cover all
modifications, equivalents, and altérnatbfestfaiiing fndthinbthe $pirt Zraisto perbfttromsamtion as
defined by the appended claims, [iefi itionsMetal - The term 'metal’ refers to alkali;metals; alkaline
earth metals, or mixtures thereolf(l/g %T??\/%ta'glhggé%éep ‘f‘%ognt%rlrzﬁ dg]ﬂ(é%r?é rﬁetascf%lage" rgg)rs to '
potassium, sodium, lithium or mhavires thé@eft% branching and a residual alpha olefin content of

between from about 0.1 to about 30 wt%, thereby producing an

alkylated hydroxyaromatic compound;

(b) neutralizing the resulting alkylated hydroxyaromatic compound with
an alkali metal base to provide an alkali metal salt of the alkylated

hydroxyaromatic compound;

{c) carbonating the alkali metal salt from step (b) with carbon dioxide
thereby producing an alkylated hydroxyaromatic carboxylic acid alkali

metal salt;

(d) acidifying the salt produced in step (¢) with acid to produce the

alkylated hydroxyaromatic carﬁoxyiic acid; and

(e) overbasing the alkylated hydroxyaromatic carboxylic acid with lime in
the presence of carbon dioxide thereby producing an overbased

alkylated hydroxyaromatic carboxylate detergent.

In a second aspect, there is provided a lubricating oil composition comprising an oil of
lubricating viscosity and the carboxylate detergent prepared by the process as defined

above.



Olefins - The term "olefins" refers to a class of unsaturated aliphatic hydrocarbons having one or more
carbon-carbon double bonds, obtained by a number of processes. Those containing one double bond
are called mono-alkenes, and those with two double bonds are called dienes, alkyldienes, or diolefins,
Alpha olefins are particularly reactive because the double bond is between the first and second
carbons. Exampies thial apetndands Ipocidde cerreb ook sl agent having Siadvblgwoiat for
medium-biode%ﬁ%@ggg surfactants. Linear and branched olefins are also included in the definition of
olefins. Linear Olefins - The term "linear olefins," which include normal alpha olefins and linear alpha
olefins, refers tp olefins which are sfraight chain, non-branched hydrocarbons with at least one
carbon-carbon double bepd present in the chain. Double-Bond Isomerized Linear Olefins - The term
"double-bond igomerized linear|plefins” refers to a class of linear olefins comprising more than 5% of

' YOI ogt Pgal (i.e., the double bond is not located
arbo atoms of the ¢h in). Paftially Branched Linear Olefins - The term

lefins may also contain double-bond isomerized olefin. Branched
Olefins - The tegrm™branched olefing" yefers to a class of olefins comprising one or more alkyl branches
per linear straight chain containing thé double bond, wherein the alkyl branch may be a methyl group
or higher. The teherétrBnishediliylusedpnterchd fgenkly mithelisehaphe dit fsohaerizafiomisting process
in which linear olefin are act der reactiv jtions the presence of g catalyst fo form
branched olefln?é S?? g ﬁlorma r]] We’%lnsecg%ish é?n %Qesqa/?%cafl 0?11 of no?mafaguha olefins
wherein the caﬂbp}nam]aﬁilaermh@ibmf &cha&e%membemd)/bdombdmtﬂthwmmmmEmee
methods. CARB XYLAT Et]};]rllz_ ﬁEaNrtT embodlment of the present invention is directed to a
carboxylate detér gnfl?]avﬁd” htel er% Strdetire: (CaCO3) (CaOH2)7 2 wherein R is an alkyl group
derived from an isomerized alpha olefin having from about 12 to about 30 carbon atoms per molecule,
having 15-98 wi% bia jlh'” %‘réeé'd%i‘;'i eﬁn 3 QRN g'i]t to%f Q%%V%?c”cfé%o%b8“ptr9p%r£% gfout 30
wit%; and wher&in’ yan e ih ep ende ntly whole orypar Jhte

a process comprising alkyiaﬁng a hydroxyaromatic compound with at least one normal
alpha olefin having from about 12 to about 30 carbon atoms per molecule that has been
isomerized to obtain an isomerized alpha olefin having 15-98 wt% branching and a
residual alpha olefin content of between from about 0.1 to about 30 wt%, thereby

producing an alkylated hydroxyaromatic compound.

DETAILED DESCRIPTION OF THE INVENTION

While the invention is susceptible to various modifications and alternative forms, specific
embodiments thereof are herein described in detail. It should be understood, however,
that the description herein of specific embodiments is not intended to limit the invention
to the particular forms disclosed, but on the contrary, the intention is to cover all
modifications, equivalents, and alternatives falling within the spirit and scope of the

invention as defined by the appended claims.



PROCESS FOR PREPARING THE CARBOXYLATE Another embodiment of the present invention is
a carboxylate detergent which is prepared by the process described herein. Aromatic Compound At
least one hydroxyaromatic compound or a mixture of hydroxyaromatic compounds may be used for
the alkylationVf&at84HEhe present invention. Preferably the at least on@GyarR)sPsHidtic compound
or the hydroxyaromatic compound mixture comprises at least one of monocyclic hydroxyaromatics,
such as phenol, cresol, or mixtures thereof. The at least one hydroxyaromatic compound or
hydroxyaromatic compound mixture may also comprise bi-cyclic and poly-cyclic hydroxyaromatic
compounds, sidghiasne-naphthol. More preferably, the at least one hydroxyaromatic compound or
hydroxyaromatic compound mixture is phenol, including all isomers. Sources of Aromatic Compound
The at least one hydroxyaromatic compound or the mixture of hydroxyaromatic compounds employed
in the presendetabntidn isprépatatbisnmiethitds theatlard kebildqaoivmtatheartix@kefins Sources of
Olefins The qlgfinscemployed in this invention may be linear, isomerized linear, branched or partially
branched linear. The olefin may be a mixture of linear olefins, a mixture of isomerized linear olefins, a
mixture of branched olefins, a mixture of partially branched linear or a mixture of any of the foregoing.
Normal AIphak@bfiﬁ&@ir%aab%dk&mmimﬁtmmefdhﬁﬂafagdéﬁmrﬁ’tatpﬁmiba useilifgridhamalkylation
reaction is a mlxturt%rof &%rm | alpha olefins selected from olefins having from about 12 to about 30
carbon atoms per molecule. More preferably the normal alpha olefin mixture is selected from olefins
having from about 14 to about 28 carbon atoms per molecule. Most preferably, the normal alpha olefin

mixture is Se'@gﬁﬁ'sfmm&k@ﬁﬂ‘%mm&fé}mw@md5%@&%&@%%%&%&&%@&&%m0|eCU|e In one
embodiment of the gresent invention, the n érlgfll aI% efJns NAO) a els%gnerlzed using at least one

of a solid or I~ cat SR}%{“QFF.&”KP,&E)C%YB%‘er? %%”E: bé EifheY & WAt S8 mi-batch,
continuous fiXédswpedroricombirakoblobthése paﬁeém&tmngehmmﬁfgemsmheieub@enous catalysts.

A solid catalyst prefrrahliasal sasianRmetaliic ANKhapavRade Rate sRe LRt than 5.5

angstroms. More preferabl é the solid catalyst is a molecular sieve with a one-dimensional pore
system, suchb4&2s¥anthe ipapeand is pgserep fheBraLend seepicesriaPB e Skd 88 epSM-22 or

SSz-20. Oth%@@ﬁﬁﬁ&@l&\Q&E&i&ﬂﬁéﬁ:@ﬁ&fﬂﬁ@ﬁtﬁﬁﬁg@ﬁﬁtlﬁﬂdfwiudebmbgr&ﬁab&UZ 4, NU-23, NU-87

and natural or syn hetlc ferrlerlt Iecular sieves .well wn in rt and are discussed
in Rosemarie’ g%[os 2Rs eﬁ‘d% %f< Eﬁglgqc%ﬁparaéﬁeves Te\il e \%ﬁ Nggt?%:(ﬁg ﬁelnhold 1992)

which is herein incorporated by reference for all purposes. A |IC|UId type of isomerization catalyst that
can be used is;if0R PRAIACAHIANLFELESPIRNns,” which include normal alpha olefins and linear

alpha olefins, refers 10 olefins which are straight chain, non-branched hydrocarbons with

at least one carbon-carbon double bond present in the chair.

Double-Bond Isomerized Linear Glefins — The term “double-bond isomerized linear
olefins” refers to a class of linear olefins comprising more than 5% of olefins in which
the carbon-carbon double bond is not terminal {i.e., the double bond is not ocated

between the first and second carbon atoms of the chain).

Partially Branched Linear Olefins — The term “partially branched linear olefins” refers to
a class of linear olefins comprising less than one alkyl branch per straight chain
containing the doubie bond, wherein the alky! branch may be a methy! group or higher.

Partially branched linear olefins may also contain double-bond isomerized olefin.



The process for isomerization of normal alpha olefins may be carried out in batch or continuous mode.
The process temperatures may range from about 50C to about 250C. In the batch mode, a typical
method used is a stirred autoclave or glass flask, which may be heated to the desired reaction
temperature WO Z8HReEHS process is most efficiently carried out in a fixeddedrosessSpace rates in
a fixed bed process can range from 0.1 to 10 or more weight hourly space velocity. In a fixed bed
process, the isomerization catalyst is charged to the reactor and activated or dried at a temperature of
at about I50C under vacuum or flowing inert, dry gas. After activation, the temperature of the

isomerizationgataisatiseadiustad tertheddgsiiedieastiontemperatise endmdlow ofithe olefin is

introduced into the reacté?r. The rgfactorfffluent containing the partially-branched, isomerized olefins is
1

collected. ThE TR MHG HAQIRPBISRI JAIE Sk SHPHISRAL RYHA SobitePeRt-oMRF Fistribution (i.e.,
alpha olefin, Hetaligtefirgniritermabolefiniityi-substituitarholcfir, mand inyktedre olefih) and branching
content that the.unisomeri in.and conditions in.o btain the desired olefin
distribution arl?gc 'ﬁ%ﬂﬁ%ﬁ%ﬁh?%ﬁ%%ﬁg?égﬁgﬁid§ alﬁ%rhé%e%ﬁ%ﬁ%e%%omposed of
between frontEBAHS 0 RSB I98 Wtﬂ%tmrﬁaeiiﬁgﬁhﬁﬁéﬁéﬁawfr@)ﬁﬁ%wf}i@%bam@@o Wt%
branching angi¢nast preferred from about 60 to about 70 wt% branching and between from about 0.1
to about 30 wt% residual alpha olefin, preferably between from about 0.2 to about 20 wt% residual
alpha olefin and most preferably between from about 0.5 to about 10 wt% residual alpha olefin
species. In offexémmbddimaht: e (Aefisscobhposed GffatieaSialbout 280mHr@nchingiat least about 9%
residual alphg,lefin sandBayingfiermiRAVE 2R:1R BhoULA4 bR aiAmS, 5 afgther embodiment, the
IAO is composed of at least about 65% branching, at least about 0.5% residual alpha olefin and having
from about 26F6"9BBR™HLRBdN atoms. In one embodiment, the isomerized alpha olefin is a partially
isomerized olefin containing a residual alpha olefin content, wherein when the percent branching in the
partially isom@ﬂ%%ﬁ?@%ﬁlﬁéﬁiﬂfn or equal to 25 weight percent, then the residual alpha
olefin content in such partially isomerized alpha olefin is greater than or equal to 8 weight percent.
Acid Catalyst Typically, the alkylated aromatic compound may be prepared using strong acid catalysts
(Bronsted or bawisnasitisknd bedepressitong AR 1 efRistran asibhaxingaRiG:of Jess than about 4.
The term "strq}:l% ?J::id'.' is also meant to include mineral acids stronger than hydrochloric acid and
organic acids Havi %Wénlglgtrﬁ‘ﬁ%téﬁ‘acidity value of at least minus 10 or lower, preferably at least minus
12 or lower, under the same conditions employed in context with the herein described invention. The
Hammett acigity function is defiaed as: pKBH- - log(BH-VB) where B is the base and B1-1+ its
protonated form, pKBgﬁ is t%e dissociation constant of the conjugate acid and BH7B is the ionization
ratio; lower nggative values <ﬂf Ho correspond to greater acid strength. Preferably, the strong acid
catalyst is selected a #,é‘mgﬁgﬁggf)hﬁr%%ﬂoric acid, hydrofluoric acid, hydrobromic acid,
sulfuric acid, per [ , trifliloromethane $uifsmi %ﬁid, fluorosulfonic acid, and nitric acid. Most
preferred, the stragpg acid gatalyst is hydrofluoric acid.

— 2
wherein R s an alky!l group derived from an isomerized aipha olefin having from about
12 to about 30 carbon atoms per molecule, having 15-98 wt% branching and a residual
alpha olefin content of between from about 0.1 to about 30 wt%; and wherein y and z are

independentty whole or partial integers,



The alkylation process may be carried out in a batch or continuous process. The strong acid catalyst
may be recycled when used in a continuous process. The strong acid catalyst may be recycled or
regenerated when used in a batch process or a continuous process. The strong acid catalyst may be
regenerated Wi iPHEtbthes deactivated (i.e., the catalyst has lost all or surn@postiorTafits catalytic
activity). Methods that are well known in the art may be used to regenerate the deactivated
hydrofluoric acid catalyst. Process for Preparing the Alkvlated Aromatic Compound In one
embodiment of the present invention, the alkylation process is carried out by reacting a first amount of
at least one hyRIDDYSSADRICREIARINACTO FACRIXENS T Rydroxyaromatic compounds with a mixture of
isomerized olefin compounds in the presence of a strong acid catalyst, such as hydrofluoric acid, in a
reactor in which agitation is maintained, thereby producing a reaction product. The strong acid catalyst
may be recycfetiestivarredioten(s)iinapciosedniang @ycle citve vdactitmepradwatiis further treated to
remove exce%yﬂg@gﬂgg yeraxyargmatic.campounds and, optionally, olefinic compounds from the
desired alkylate product. The excess hydroxyaromatic compounds may also be recycled to the
reactor(s). The total charge mole ratio of hydrofluoric acid to the mixture of olefin compounds is about
1.0 to 1. The fotahsihatoeppole ratio of the aromatic compound to the mixture of olefin compounds is
about 7.5 to 1. Many types of reactor configurations may be used for the reactor zone. These include,
but are not limited to, batch and continuous stirred tank reactors, reactor riser configurations, ebulating
bed reactors,AirerEtaes udieroacontiuranionether araxiel khendrolythenaric Maipysush reactors are
known to thosg:gkilaskinsheariansiarasuiiablg fr shealkvatienreacion, Agitation.is critical for the

alkylation reaction and can be provided by rotating impellers, with or without baffles, static mixers,
kinetic mixing 1§ H%%P%yﬁog}ﬁt/(gﬁ%}pgﬁﬂgﬁﬁﬁﬁ EES TN e SEPRABWRHH TR ECHHB PEiehlkylation
process may bssioartiethoutoay tBaiperatyresnieom, abcuiQE doabeatibl 006 dhespreesss is carried out
under suffici r 1 ion.of ed components remain in the liquid phase.
Typically, a sgi{ﬁ%e%f%%&;g??@&%@%gg)%%%éﬁ%ﬁ%ﬁo%aeg and 8%} ucts 'fﬁ“tﬁlgyliquid phase.
The residencé"i‘i’rﬁ%‘ﬂﬁrtﬁf’ebf'éééf@r%‘%}ﬁhﬁéﬁﬁ&thgcgaﬂférémafé? compenndsseisbtantialapbtition of the olefin
to alkylate pragitetrrihestimeneguied dadmaRenhdisesapssmtcaRoub 3. minuies. A more precise
residence tim% :W%Xn%e detterremin%d lg}/ thqsg. skialrlﬁd in the art using batch stirred tank reactors to
measure the KiNetics of the alffy’faﬁ%n’p’)?(%éjeisnsg: g4t 5€ast one hydroxyaromatic compound or mixture
of hydroxyaromatic compounds and the mixture of olefins may be injected separately into the reaction
zone or may kg, mixed RrigrAe. inigeHmBoth single and multiple reaction zones may be used with the
injection of the aromatic compounds and the mixture of isomerized olefins into one, several, or all
reaction zones. The reaction zones need not be maintained at the same process conditions. The

hydrocarbon féedtferthenalkydationrprecess: may:bon prise amixid s dbhydegamromatic compounds

o it ST SRS N e Il i Lo RGIORGY o o somerie

_ :1 or more. In the case where the molar ratio of hydroxyaromatic
compounds tbPR¥FiBHEH olefin is > 1.0 to |, there is an excess amount of hydroxyaromatic
compounds present. Preferably an excess of hydroxyaromatic compounds is used to increase reaction
rate and impr8v? Ip\roduct selectivity. When excess hydroxyaromatic compounds are used, the excess
un-reacted hyd%x%aromatic in the reactor effluent can be separated, e.g. by distillation, and recycled
to the reactor.

Sources of Olefins

The olefins employed in this invention may be linear, isomerized linear, branched or
partially branched linear, The olefin may be a mixture of linear olefins, a mixture of
isomerized linear olefins, a mixture of branched oefins, a mixture of partiatly branched

linear or a mixture of any of the foregoing.



The alkyl group on the alkyl hydroxyaromatic compound comprises a branched alkyl group having
between from about 15 to about 98 wt% branching, preferably from about 30-80 wt% branching, more
preferred from about 45 to about 70 wt% branching and most preferred from about 50 to about 60 wt%
branching aMPEEREER#om about 0.1 to about 30 wit% residual alpha ol 8/ ABHRIERFDetween from
about 0.2 to about 20 wt% residual alpha olefin and most preferably between from about 0.5 to about
10 wt% residual alpha olefin species. The use of a hydroxyaromatic compound having from about 15
to about 98 wt% branching is particularly attractive because we have discovered that the percent
branching and the length of the isomerized alpha olefin promotes superior low temperature
performance when empl eid as an additive in lubricating oil compositions. As disclosed herein,
isomerized E\Jf&%‘%{%{%%?éﬁz%gmpound may be obtained by reaction of the hydroxyaromatic
compound with an isomerized normal alpha olefin, having from about 12 to about 30 carbon atoms per
molecule. Typically\tha-aliyiated MUPHARMAIGEPPMR fRMHRIESHA AR PIdROnosubstituted

isomers, the great majority of the substituents being in the para position, very few E\)%i/é;g in the ortho

\ b
position, andRERINP BPRFRF PP B SHEHCT RAMRIHEs IASAE EPRi0RN réaltitRotbWArds an alkaline
earth metal baser sibse therphienct fuviectioprdspitdgticalyrdeveishefiiénimbindeansdevkdditionally, when

the normal alpha olefins do not completely react to,f ry ir§gmggi g%%ggiglgmg, residual alpha
olefins are (?%pg?neg%ﬁnlsheavrlg idual %gﬁa%)l{gf?r% é%gﬁlgagfsg react véth the hyd'roxyaromatic compounds to

form an alkyratédehid tbrparo ichs orapp aHurAVHRg e dE AR inadigwn eremamp kit

hydroxyarongatic-GeraRaisdshaung-alinearsalkyl radical may comprise a mixture of monosubstituted
isomers in which the proportion of linear alkyl substituents in the ortho, para, and meta positions is

much more uniformly distributed. This makes them much less reactive towards an alkaline earth metal
base since theopahembbilimetionf ibnpocieiess atoessibkeedud tipbansiterablé(steric hindrance, due to

the presence of closer.and genRiail DeavRLkY, SURSHINENtS NELT RAMAATIAMSTEP The

allcylated hydroxyaromatic compound, as described above, is neutralized using an alkali metal base,
including bueMbbgiRRELE AR EE HPHSBrosaYaLYE ftFit REISI AomP BRI AL NG s terred
embodiment,potassivpefydmriderisprsiesadyks anothét areferedemiigdimentasodium hydroxide is

preferred. Neutralization of the %?élageg Jydrox 9{%%@?&%&%&@@%@&@@9& preferably, in the

presence of %’Ei%'hcfxso vent, such as ofueng, xylene isomers; light a enzene or the like, to form an
alkali metal saltdofathly slikylatetdwalrsigyaroithatiecimsotana Acshey Eabddihent Mhé solvent forms an

aze%trﬁ]pe Wﬂ&]ﬁw@tﬁrﬁ; %@@EE&?S@@%@%W%,fmﬁ@m@%ma?%ﬁmazmr’%x@lmhol sui:h as )
2-ethylhexanol. In this case, the 2-ethylhexanaol is eliminate Istillati r oxylation. The
objective with'{& RSRBR RIS g?fﬂﬁ?f&ﬁ%ﬁ%?%ﬁfﬁ%#%ﬁée%%i? %éarr‘i%égqégt ata
temperature Kigl3 enaugiutel elinyinhteinateertesofiscermpodimeriictie prodickiopuinmder a slight
vacuum in orde to require. & ower (eAGH SRS Al E-dO. R RRAAsImEN, Wlanginused as a

solvent and the reaction conducted at a temperature between 130C and 155C, under an absolute

pressure of 860 MsaardReanok), IS ahwtHE s bmeiurposisthiHe e N B A RS vent. As the
boiling point gfiZuethyberapeltiR46) iasignificacitytigheritham xylena{ba9Qeli®gaction is

conducted at a temperature of at least 150.degree. C.
The process for isomerization of normal alpha olefins may be carried out in batwch or
continuous mode. The process temperatures may range from about 36°C to about 250°C.
[n the batch mode, a typical method used is a stirred autoclave or glass flask, which may
be heated to the desired reaction temperature. A continuous process is meost efficiently
carried out in a fixed bed process. Space rates in a fixed bed process can range from 0.1

to 10 or more weight hourly space velocity.



The pressure is reduced gradually below atmospheric in order to complete the distillation of water
reaction. Preferably, the pressure is reduced to no more than 70 mbar (7*103 Pa). By providing that
operations are carried out at a sufficiently (high temperature and that the pressure in the reactor is
reduced graltfGIf B8P atmospheric, the neutralization reaction is carriéd dGtWRAGE e need to add
a solvent and forms an azeotrope with the water formed during this reaction). In this case, temperature
is heated up to 200C and then the pressure is reduced gradually below atmospheric. Preferably the
pressure is reduced to no more than 70 mbar (7*103 Pa). Elimination of water is done over a period of
at least 1 howle preferablyoatdgast 3dmerisatibhe aulantitiesaefabagbntsassedshauitedroespond to the
following maqlar ratios: alkali metal b se:ig/?g e ' fronggbout 0.5:1 to
1.2:1, prefegégfilar%ﬁ%m e(gablﬁrf). : ttao Olub : ?éﬁqé%%ﬁ?yﬁg%%%%g% cg%tground (vol:vol)
from about BclivEtions s fsrefsraily Hlohe d9o1riaason raahsEs EARBOR theatind TPraieArboxylation
step is condugied Ry sinpbabubiing sarpanidierded HR2hivadhe maclendetdism originating from

the preceding neutralization step and is continued until at least 50%.0f the starting alkylated
hydroxyamr‘iﬁﬁﬁ“?:‘&ﬁf%ﬁﬁ‘a‘ﬁgé%ﬁ LoNoaHE f3(glooa Ji lys}é;f)ji)%? eéélo]z%o?crg’g%? e%é%“r( das
hydroxybenzfﬂmhﬁidih;npdmdtdxw_ﬁa*arwxdemeurdiﬁammie&nIéﬁgﬁmqﬁ@@-%}@%fé@m?ﬂ% mole %, more
preferably 85 mole,4.0f therstarting, aliares Ay AroxYAIMAG LOMPRYRAIR. FAD \BHER 1O

alkylhydroxﬁ enzoate using carbon dioxide at a temperature between about 110C and 200C under a

pressure withih e PSS oreR oM T SORRBOBR 8RS 14 RIHR PIAE405 B 5 &b Iy from 1 bar
(1*105 Pa) tadibals(asiasn Ra) herdageristbheathiagn about | and 8 hours. In one variant with
potassium salt, temperature is preferably between about 125C and 165C and more preferably
between 130C and 155C, and the pressure is from about atmospheric to 15 bar (15*105 Pa),
preferably frém abotitaimosphedielpbaoisiin@ 205 FaynasahefsrrsdhrYotitem salt,

temperature,is dirgclienallylawer praferaly:betweerramaheyt 1100 rAchiHaG: mMore preferably
from about 120C and 140C and the pressure from apout 1 har to 20.bar I*198» {o 2%*195 Pa),
g;%o(%a‘g 1 d een 1T .1 toabou

preferably frf§iesr b e PEBL A P8 o abou

P RACCATBORYIA05N S Ustiall) Cartied out, diluted
in a solvent spiehvasckidsbapihonsior plidgiatey eegyebe irangadl(dne agyladé atid the like. In this case,

the weight rafio ol sgvensmriRuhsRsRale:ben el matalsalof erlylaieahydroxyaromati

compound) IS from about 0.1:1 to 5:1, preferably from about 0.3:1 to 3:1.
residual alpha olefin species.

In one embodiment, the IAO is composed of at least about 23% branching, at ieast about

9% residual aipha olefin, and having from about 20 to about 24 carbon atoms.

In another embodiment, the IAQ is composed of at least about 65% branching, at ieast

about 0.5% residual alpha olefin and having from about 20 to about 24 carbon atoms.

In one embodiment, the isomerized alpha olefin is a partially isomerized olefin
containing a residual alpha olefin content, wherein when the percent branching in the
partially isomerized alpha olefin is less than or equal to 25 weight percent, then the
residual alpha olefin content in such partially isomerized alpha olefin is greater than or

equal to 8 weight percent.



In another variant, no solvent is used. in this case, carboxylation is conducted in the presence of
diluent oil in order to avoid a too viscous material. The weight ratio of diluent oil:alkylhydroxybenzoate
is from about 0.1:1 to 2:1, preferably from about 0.2:1 to 1:1 and more preferably from about 0.2:1 to
0.5:1. ACIDIRfERT O Fhe alkylated hydroxyaromatic carboxylic acid alkfirhetarEsit froduced above
is then contacted with at least one acid capable of converting the alkali metal salt to an alkylated
hydroxyaromatic carboxylic acid. Such acids are well known in the art to acidify the aforementioned
alkali metal salt. OVERBASING Overbasing of the alkylated hydroxyaromatic carboxylic acid may be
carried out by any method known by a person skilled in the art to produce an overbased alkylated
hydroxyaromg'g!cd%rgf)xyate detergent. In one embodiment of the invention, the overbasing reaction is
carried out in reacting the alkylated hydroxyaromatic carboxylic acid with lime (i.e.,
alkaline earth metal hydroxide) in the presence of carbon dioxide, in the presence of an aromatic

solvent (.e.. el AR dnhf:aieseAGe OOV AGaby brlsabsLsehasmesanalydhe degree of
a

overbasing may be controlled by the quantity of the alkaline earth metal hydroxide, carbon dioxide and

the reactants BEISE{PtHE YEATEH: hiktiE artiofe e SR ENSI8ABIREAL TR AR 1R carbonation
process. Thetwaighiuatiothefdaeagenisusalt (indihanreh; xylatiedstakedlineianeb&@2Ahmill correspond

to the following weight ratios: Xylene:slaked.lime fr t1.5; 1, ly from about 2:1 to
4:1. Methanor%i}g Ceﬁzlio|'r(ﬁ2(3,{:(?(rlsc)arrrll aolg%aﬁt‘%%éghlag tﬂ%ﬁg&éﬁ&%ﬁy@é}m&% %h{%{%%rﬁlg%%ﬁ@Carbon
dioxide:slake@t iavestraraierabicial rasioratsui0os avter1under BreTepssionfbionapsatcs o 1.0:1. CI-C4

carboxylic acidalkaling metaldhessatikyihydanyRenroatemamalatrationesm akeuhie2:1 to 1.5:1,
preferably from about 0.1:1 to 0.7:1. Lime is added as a slurry (i.e., as a pre-mixture of lime, methanol,

xylene) and CO2 is introduced over a period of 1 hour to 4 hours, at a temperature between about
20C. and 65C. The quantity of lime and G2 afe-adjiest8& irBorder to obtain for a high overbased
material (TBN>250) and crude sediment in the range of 0.4 volume % to 3 volume %, preferably in the

range of 0.6 volume % to 1.8 volume %, without any deterioration of the performance
where B is the base and BH' i1s protonated form, pKen- is the dissociation constant of the

conjugate acid and BH'/B is the ionization ratio; lower negative values of H, correspond

to greater acid strength.

Preferably, the strong acid catalyst is selected from a group consisting of hydrochlioric
acid, hydrofluoric acid, hydrobromic acid, sulfuric acid, perchloric acid, trifluoromethane
sulfonic acid, fluorosulfonic acid, and nitric acid. Most preferred, the strong acid catalyst

is hydroflueric acid.

The alkylation process may be carried out in a batch or contiouous process, The strong
acid catalyst may be recycied when used in a continuous process, The strong acid catalyst

may be recycled or regenerated when used in a batch process or a continuous process.
The strong acid catalyst may be regenerated after it becomes deactivated (i.e., the catalyst

has lost all or some portion of its catalytic activity). Methods that are weli known in the

art may be used to regenerate the deactivated hydrofluoric acid catalyst.
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For a middle overbased material (TBN from 100 to 250), the quantity of lime and CO, are adjusted in
order to obtain a crude sediment in the range of 0.2 volume % to 1 volume %. The crude sediment
without the use of CI-C4 carboxylic acid will range from about 0.8 volume % to 3 volume A. Optionally,
for each of tREAUEEEEES described above, predistillation, centrifugation ZRd/ERAMBEBHT ¥hay be utilized
to remove solvent and crude sediment. Water, methanol and a portion of the xylene may be eliminated
by heating between 110C to 134C. This may be followed by centrifugation to eliminated unreacted
lime. Finally, xylene may be eliminated by heating under vacuum in order to reach a flash point of at

least about Pag:& v detpaminanwithyvihe PenskyMasteraitosed Cup (PMCC) Tester described in
ASTM D93. LUBRICATING OIL COMPOSITION The present invention also relates to lubricating oil

oo L Elam s YsHoaRed FIAIFSh e e ale Setborvaic dajergent of ihe present
invention. Such‘]_ubrlcatlng oll comSosmons will'comprisé a major amount of a base oil of lubricating
viscosity andeactiasriarhaunvsfaie BoemesmRampa i BRYE Mg ikaselylate detergent of the

present inveriinox Base0l asizeddersinintefioed sshase pockiddend of hase stocks which is
a lubricant com%)onen that is groduceigsb a.single .manufacturer to the same gggcifications
C

y
(independerR ST HEEE 53 e QRIS SAGREHEP & SR AER I TR A b AT TRE LM TS Anutacturer's
specificatiom @t dhét isidemifietidyba poiduenormatdopddattidéntifivatonidoset, or both. Base
stocks may Qe MANUICH GOMSIDEA VAR Y A EI TR, PIOGERSESING YAl Prt gk imited to

distillation, solvent refining, hydrogen processing, oligomerization, esteriflcation, and rerefming.
Rerefined stBEREhQIrBBOSE &M e R AT SRS RAFBRR IS ?H?O%W%gﬁufacturing,
contaminatiaykfiipremipomiseomhichizsiec0ib ok thisprvdanti Ghaeaybehady natoradiar synthetic
lubricating bag,e oi‘lﬂ%acrggn S%réicylarlgfe@%s&eh%\a{icq kinematic viscosity at 100C and about 4
centistokes fc&??o Abot 20 ¢S, Ie-ff/{ rocarbon syntheétic oils may include, for example, oils prepared
from the polymerization of ethylene, polyalphaolefin or PAO, or from hydrocarbon synthesis
procedures ugingcREQRMANOKINE anddvdivaencaseasHttias iT adfisherlsoRach process. A
preferred base oil is one that comprises little, if any, heavy fraction; e.g., little, if any, lube oil fraction of
viscosity abdiP80'dsPor higher at about 100 C. Oils used as the base oil will be selected or blended
depending on the desired end use and the additives in the finished oil to give the desired grade of
engine oil, e.g, 3 IPrGAing Gl LAMRARIaNhAYINg:AN. S RSARI-GIRGE ] QW G20, OW-30,
OW-40, OW-50, OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50, 5W-60, 10W, 10W-20, 10W30, 10W-40,
10W-50, 15W,288W/I70te1l5W-30, or 15W-40. The base oil may be derived from natural lubricating oils,
synthetic lubricating oils or mixtures thereof. Suitable base oil includes base stocks obtained by
isomerization of synthetic wax and slack wax, as.well as hydrocrackate b tocks produced by

hyd rocrackinl\élo?rr%t{xgﬁfstﬁgﬁe%%x\l}ecﬁ?fg%&%%?ﬁlsgwﬁsg%Lrlgergz%rc}ﬁgenr aé:(%) gﬁingm?pﬁogﬁgeﬁlt%@fé%ﬁgqcrude.
Suitable baseroitstihtitetbithbayehiand|FAPineate gomes ink 1640y BARIOV A8 EMAGHT RIBI®I Publication
1509, 14th Egjtignn Adendupns! (Recambel-4?98x Satdiiasievelsanriviseasiyingices for Group 1, II
and lll base oils are listed in Table I. Group IV base oiligre po yalphaggﬁ'gséﬁAO). Group V base oils
include all otfePh LD SRERER HrokTgaa iR SR TSE MU R 8h 5 BadE 511§ are preferred.
TABLE-US-Q00041ibABLt dn Segusatess Sulfenl andivisitpsitipindexiof @rowp belhrilifeddand V Base
Stocks Sauigles O eieinysd.ox AR TR WsseslyAde AUl (s detsrgined by ASTM
(As determine ASTM D4294, Group D2270) ASTM D4297 or ASTM D3120) [ Less than 90%
saturates an6fes Fiaien 455iS ey a5 W6 B6"2ME 5r@&ETF-than to 0.03% sulfur less than 120 Il Greater
than or equal to 90% Greater than or equal to 80 and saturates and less than or equal to 0.03% less
than 120 sulfyr 11l Greater than or equal 10.90% Greater than qr equal t0.120 saturates and less than
or equal to 0. O?okaylE fj()r“IV%I?SIg(r)r}%qlrfa Roleting. t(ﬁ’tf sﬁr/a%fﬁe(‘c’)(t}rg%rpsgﬁ% %i)gcéu%)e%?ﬁ%roups [, 11, 111, or
IV Natural lubfit?tirg oilsmsyiineitidé animdtoildiiviegeratsiasiibate: gubrppéisbreltéiisotastor oils and
lard oil), petrglewnQils, miegialkpils: angdoils.sepivad fropcenal osrshale opymtheficeilsinay include
hydrocarbon oils and halo-substituted hydrocarbon oils such as polymerized and inter-polymerized
olefins, alkylBERERARS PAIIVERTES] A4 RSU i PR eI B2 SIkyiated diphenyl sulfides, as well as
their derivatives, analogues and homologues thereof, and the like. Synthetic lubricating oils also
include alkylene oxide polymers, interpolymers, cqpolymers and derivatives thereof wherein the
terminal




hydroxyl groups have been modified by esterification, etherification, etc. Another suitable class of
synthetic lubricating oils comprises the esters of dicarboxylic acids with a variety of alcohols. Esters
useful as synthetic oils also include those made from C.sub.5 to C.sub.12 monocarboxylic acids and
polyols and poR/I°e#er40 Tri-alkyl phosphate ester oils such as those exéifipiifkedoByarras-butyl
phosphate and tri-iso-butyl phosphate are also suitable for use as base oils. Silicon-based oils (such
as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxysiloxane oils and silicate oils) comprise another
useful class of synthetic lubricating oils. Other synthetic lubricating oils include liquid esters of

phosphorus-caatainiagaciHs iPokreafis el ahdieiuranss nelyaiRhaclaling,angdhe like. The base oil

may be deriv%gt.fgorg}ff_'nre]ﬁ?ectjé rﬁj:‘irged, rerefing_g oils, or mjx'gre? thereof. Unrefined oils are obtained
directly from® SMFEE B A Boditird 29 dige Raudha fEoB AP Eh Bt AhIEN) without further

1
a natura
purification crbtresatfre muiEx dnplespofairerefitedeoitsrindugd dadshatereid opthnedidirecty from a

retorting opeggliahaelieiumaiaRiAnag IR ISHAlon Gt an.eaieh glbefipined directly

from an esterification process, each of which may then be used without further treatment. Refined oils
are similar to the unrefined oils except that refined oils have been treated in one or more purification
steps to impiiespieesosrmbyerpropetias: Guitphlel purficationtrehbigursinaude sistiliation,
hydrocracking ;hyd in waxing, solvent extraction, acid or base extraction, filtration, and

d ;
percolation, all o? Wﬁgﬁ%r%]gl?%goﬁv%l%}{%gén esck?f%esgplﬁmtl & altﬁt.oléheeré |ﬁ§?j“cﬁ?§ are %@fabl%ed by treating
used oils in [FEGESEES Sirniketies tRodestisicens obthipisheaesfinadnoi s1eFHsssserefingd oils are also

known as regiaipaes @rireresesses-ailandpftan aneadditieaallypeeassrddhy deehniques for
removal of sg)ent dditiE\{eS and oil breakdown products. %flse oil derived from the hydroisomerization
[

of wax may A1%0 e lded EIRE ]15He BF FPRG PRI SWibR R BIvaRS A h diGiFaMand/or synthetic
base oil. Sughoaeax isodnenate oil is produced by the hydroisomerization of natural or synthetic waxes
or mixtures thereof over a hydroisomerization catalyst. It is preferred to use a major amount of base
oil in the lubricating oil composition of the present invention. A major amount of base oil as defined
herein compﬁ%%gygwm%ﬁnr?fﬁpe@w@féﬂﬁé@m6@?1%8%5&@6??@6%&@@%% about 40 wt % 97 wt %,

preferably gisaterhambprmanouhBOma Yortia @ik Whifermarelprsferabiy:fremn mbartH@ vt % to 97 wt %
and most pr%f%ral;% from.about 80 (y\s/tt% to 95 \éﬁ g/Pegf the éubri%aotlifrgg oik cor%[%otsg%q{:ﬁ (When weight
| n

. FOXYAro : . -
percent is used herain. | il(écr%?é)r%ﬁ]g tooﬁg%?ﬁzpercen{] ofthe Tubricating ol fmesotierwise specified.)

The overbagearalkatharsss] aiikiitierodybutzodiey groducenidsy theprootss chtheipedsent invention in

the lubricatingegil compegaitiomuillibgniea-RIRAE ANOUNLFORRL L the.hase piLoflubricating
viscosity. G nefr%tl?l)%lt will be in an amount from about 1 wt % to 25 wt %, preferably from about 2 wt %

to 12 wt % and Mote PRETEran/ RO REEeT S Wt 9B Re Uit 94 Bale i BFPIR E RS LA L f the
lubricating oilvgonvp esitiorr. @FHER ADBI TN EsCOMPONENTS chedolawirg:additive components are

examples of&gggp&ggé%%@g}&%g%%Ygr%t%gégs&g%éﬁd&g&g%@ﬁ}g&\éﬁth bth% lubricating additive of

the present invention. These 'examples of ad provided to illustrate the p}resent invention, but
they are notSitéities. rnsRYE SninER lesDispersants

The alkyl group on the alkyl hydroxyaromatic compound comprises a branched alkyl
group having between from about {5 to about 98 wt% branching, preferably from about
30-80 wt% branching, more preferred from about 45 to about 70 wt% branching and
most preferred from about 50 to about 60 wt% branching and between from about 0.1 1o
about 30 wt% residual alpha olefin, preferably between from about 0.2 to about 20 wt%
residual alpha olefin and most preferably between from about 0.5 to about 10 wt%

residual alpha olefin species.



Alkenyl succinimides, alkenyl succinimides modified with other organic compounds, and alkenyl
succinimides modified with boric acid, alkenyl SUCCIlliC ester. WO
2009/086140PCT/US2008/087739 (B)Oxidation Inhibitors 1) Phenol type phenolic) oxidation
inhibitors: 4 ¥t {faHbis(2,6-di-tertbutylphenol), 4,4'-bis(2,6-di-tert-bubyipierl§ 087739
4,4'-bis(2-methyl-6-tert-butylphenol), 2,2'- (methylenebis(4-methy1-6-tert-butyl-pheno0, 4,4'-butyl
idenebis(3-methyl-6-tertbutylphenol), 4,4'-isopropylidenebis(2,6-di-tert-butylphenol),
2,2'-methylenebis(4- methy1-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-dimethylphenol),
2,2'-methylenpbistbfmpibyh-freysiabexylphenally 6 feirterbdattyil vl abrett i prignol, 2,6-di-tert-buty1-4-
ethylphenol, 2 4-dimethy1-6-tert-butyl-phenol, 2.6-di-tert- -di no-

f f usi %% HEIL AR e AR BEIESh,

4
2,6-di-tert-4 nglmést ya{ﬂ%lr@l%%ae p methy1-6-tertbutylphenol),

2,2'-thiobis (4 dthyiaittert hatispneniesy A priefEtyamiRg rBsaos 8 iISURAFEEY 1)-sulfide, and
bis(3,5-di-teg-huhylAdyckenyRenzid) « 2-Dirheny lamieivae axidatiorinaibitor: alkylated
diphenylamine, phenyl-Alpha.- naphthylamine, and alkylated .alpha.-naphthylamine. 3) Other types:
metal dithiocarbamate (e.g., zinc dithiocarbamate), and methylenebis(dibutyldithiocarbamate). (C)Rust
Inhibitors (Anti-Resbsgdntsin, idteniiehky gooxyethidenasurdceradivdlagedtyy sehysxyethylene

lauryi ether, E’ﬁt%oﬁp%?'zﬂég%ﬁaﬁii%Q%Eaﬁlﬁﬂx‘&%ﬁ%%ﬁsBﬁ'é/rQZSA%%HM%'E‘%ﬂﬁrﬁfmt?ﬂé{\lqﬁg?ﬁénpdyoxyethylene
octylphenyl ether, ofyo yethg;lene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene

sorbitol mon@tehtafe, 356K feHEBHPBIBINEHB OISR B DBl Hene glycol monooleate. 2)
Other compqungsiyateadsAaishand otherikatiy acidsedicahoytisiacids soneial teapaxnfatty acid amine

salts, metal salts of heavy sulfonic acid, partial carboxylic acid ester of palyhydric alcohol, and
phosphoric é??é‘?‘."t(ﬂ)?%gﬁ% SifeTS” 331‘%6%%{5?88{&‘&05?{ ﬁﬂprver?m %ﬁggegﬂwyleneo{;(ide, polyoxyethylene
alkyl ether, angipotyeryothylearysorbitarsaastetion. That makes them relatively reactive

towards an alkaline earth metal base, since the phenol function is practically devoid of

steric hindrance.

Additionally, when the normal alpha olefins do not completely react to form isomerized
alpha olefins, residual alpha olefins are obtained. The residuat alpha oiefins may also
react with the hydroxyaromatic compounds to form an alkylated hydroxyaromatic
compound having a linear alky! radical. The alkylated hydroxyaromatic compounds
having a linear alkyl radical may comprise a mixture of monosubstituted isomers in
which the proportion of linear alkyl substituents in the ortho, para, and meta positions is
much more uniformiy distributed. This makes them much less reactive towards an
alkaline earth metal base since the pheno! function is much less accessible due to
considerable steric hindrance, due to the presence of closer and generally heavier alkyl

substituents,
NEUTRALIZATION STEP

The alkylated hydroxyaromatic compound, as described above, is neutralized using an
alkali metal base, including but not limited to oxides or hydroxides of lithium, sodium or

potassium. In a preferred embediment, potassium hydroxide is preferred. In another
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(E) Extreme Pressure Agents (EP agents) Zinc dialkyldithiophosphate (Zn-DTP, primary alkyl type &
secondary alkyl type), sulfurized oils, diphenyl sulfide, methyl trichlorostearate, chlorinated
naphthalene, benzyl iodide, fluoroalkylpolysiloxane, and lead naphthenate. (F) Friction Modifiers Fatty
alcohol, fattyVAcHY 4t borated ester, and other esters (G) Multifunctidifal/ BefithAgs 'Slilfurized
oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum organo phosphorodithioate,
oxymolybdenum monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum complex
compound, and sulfur-containing molybdenum complex compound. (H) Viscosity Index Improvers
PoIymethacw@é&éx%&sdym@scﬁmwm@m@ymefmImm isiyiceng dsogighsedopolymers,

WO 2009 108BIRBETGSDRIURS P () Eor Hal Db LR By %%%%%ﬁié?ﬁié‘?%?ﬁ%
Inhibitors  such as toluene, xylene isomers, light alkylbenzene or the like, to form an alkali meta]

salt of the alkylated hydroxyaromatic compound. In one embodiment, the solvent forms

an azeotrope with water, In another embodiment, the solvent may also be a mone-alcohol

such as 2-cthylhexanol. In this case, the 2-ethylhexanol is eliminated by distiliation

before carboxyiation. The objective with the solvent is to facilitate the elimination of

water.

This step is carried out at a temperature high enough to eliminate water. In one
embodiment, the product is put under a slight vacuum in order to require a lower reaction

temperature.

in one embodiment, xylene is used as a solvent and the reaction conducted at a
temperature between 130°C and 155°C, under an absolute pressure of 800 mbar (8* 10*
Paj.

In another embodiment, 2-ethylhexanol is used as solvent. As the boiling point of 2-
ethylhexano! (184°C) is significantly higher than xylene (140°C), the reactian is

conducted at a temperature of at least 150.degree. C.

The pressure is reduced gradually below atmospheric in order to complete the distillation

of water reaction. Preferably, the pressure is reduced to no more than 70 mbar (7*1 0* Pa).

By providing that operations are carried out at a sufficiently (high temperature and that
the pressure in the reactor is reduced gradually below atmospheric, the neutralization
reaction is carried out without the need to add a solvent and forms an azeotrope with the
water formed during this reaction). In this case, temperature is heated up to 200°C and
then the pressure is reduced gradually below atmospheric. Preferably the pressure is

reduced to no more than 70 mbar {7*10° Pa).
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Alkyl methacrylate polymers and dimethyl silicone polymers. (K) Metal Detergents Sulfurized or
unsulfurized alkyl or alkenyl phenates, alkyl or alkenyl aromatic sulfonates, calcium sulfonates,
sulfurized or unsulfurized metal salts of multi-hydroxy alkyl or alkenyl aromatic compounds, alkyl or
alkenyl hydr5%324t8R%atit¢ sulfonates, sulfurized or unsulfurized alkyl or alRERJITHAPHIRERAtes, metal
salts of alkanoic acids, metal salts of an alkyl or alkenyl multi-acid, and chemical and physical mixtures
thereof Other embodiments will be obvious to those skilled in the art. The following examples are
presented to illustrate specific embodiments of this invention and are not to be construed in any way
as limiting the scope of the invention. Example | Low Temperature Performance of C20-28 and C20-24
Carboxylates.jn an Automotjve. Engine Oil Formulation Table 1.1 illustrates the low temperature
performance%éﬁf%f%gr%o%/ﬁgtés §e gr%‘grr\taspgrsmr#g?ag%{%gs in uer’,&g%{f @fségejsf %\go r,sl\/l RV) testin a
fully formulated automotive engine oil prepared using the following automotive engine oil additive
package andhage.qillent: WA 2009/ GREARGHIHS0081087/32 Aularativekagine Oil Additive

Packa e Additive Treat Rate . _
metal base:alkylated hydroxyatomatic compound from about 0.5:1 to 1.2:1, preferably

from about: 0.9:1 to 1.05:1 solvent:alkylated hydroxyaromatic compound (vol:vol) from

about 0.1:1 to 5:1, preferably from about 0.3:1 to 3:1 B.
CARBOXYLATION

The carboxylation step is conducted by simply bubbling carbon dioxide (CO») into the
reaction medium originating from the preceding neutralization step and 1s continued until
at least 50% of the starting alkylated hydroxyaromatic compound has been converted to
alkylhydroxybenzoic acid (measured as hydroxybenzoic acid by potentiometric

determination).

At least 50 mole %, preferably 75 mole %, more preferably 85 mole % of the starting
alkylated hydroxyaromatic compound is converted to alkylhydroxylbenzoate using
carbon dioxide at a temperature between about 110°C and 200°C under a pressure within
the range of from about atmospheric to 15 bar (15%10° Pa), preferably from 1 bar (1*10°
Pa) to 5 bar (5*10° Pa), for a period between about | and 8 hours.

In one variant with potassium salt, temperature is preferably between about 125°C and
165°C and more preferably between 130°C and 155°C, and the pressure is from about
atmospheric to 15 bar {15% 10° Pa), preferably from about atmospheric to 4 bar (4*10°

Pa).

In another variant with sodium salt, temperature is directionally lower preferably between
from about 110°C and 155°C, more preferably from about 120°C and 140°C and the
pressure from about | bar to 20 bar (1* 10° to 20%10° Pa), preferably from 3 bar to 15 bar
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Borated Bis-Suc immide 3.0 wt. % Post Treated (Ethylene Carbonate) Bis Succin m de 5,0 wt. %
Non-Carbonated Calcium Sulfonate 8 mmol Ca/kg in unshed oil Post Treated (PthalicAc d) B

s-Succinimide 0.4 wt. ci/o Zinc Dithiophosphate 12.5 mmol P/kg in finished oil Molybdenum Succinim
de Complex'BUXH/946 Mhinic Antioxidant PCT/US2008/087739

(3%10° 10 15%10° Pa).

The carboxylation is usually carried out, diluted in a solvent such as hydrocarbons or
alkylate, e.g., benzene, toluene, xylene and the like. In this case, the weight ratio of
solvent:hydroxybenzoate (i.e., alkali metal salt of the alkylated hydroxyaromatic

compound) is from about 0.1:1 to 5:1, preferably from about 0.3:1 10 3.1.

In another variant, no soivent is used. In this case, carboxylation is conducted in the

presence of diluent oil in order to avoid a too viscous material.

The weight ratio of diluent oil:alky!hydroxybenzoate is from about 0.1:1 to 2:1,

preferably from about 0.2:1 to 1:1 and more preferably from about 0.2:1 to 0.5:1.
ACIDIFICATION

The alkviated hydroxyaromatic carboxylic acid alkali metal salt produced above is then
contacted with at least one acid capable of converting the alkali metal salt to an alkylated
hydroxyaromatic carboxylic acid. Such acids are well known in the art to acidify the

aforementioned alkalt metal salt.
OVERBASING

Overbasing of the alkylated hydroxyaromatic carboxylic acid may be carried out by any
method known by a person skilled in the art to produce an overbased alkylated

hydroxyaromatic carboxyate detergent.

In one embodiment of the invention, the overbasing reaction is carried out in a reactor by
reacting the atkylated hydroxyaromatic carboxylic acid with lime (.., alkaline earth
metal hydroxide) in the presence of carbon dioxide, in the presence of an aromatic

solvent (i.e., xyiene), and in the presence of a hydrocarbyl aicohol such as methanol.
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Q.S wt. )/0 Phenolic Antioxidant 0.5 wt. % Foam Inhibitor 30 ppm in finished oil Carboxylate Detergent
I 56 mmol Ca/kg in finished oil This package was blended at 15.2 weight % in the following base oil

blend to make a 5W40 multigrade finished oil: Base Oil Blend
WO 2009/086140 PCT/US2008/087739

The degree of overbasing may be controlled by the quantity of the alkaline earth metal
hydroxide, carbon dioxide and the reactants added to the reaction mixture and the

reaction conditions used during the carbonation process.

The weight ratios of reagents used (methanol, xylene, slaked lime and COy) will
correspond to the foliowing weight ratios: Xylene:slaked lime from about 1.5:1 to 711,
preferably from about 2:1 to 4:1. Methanol:siaked lime from about 0.25:1 to 4:1,
preferably from about 0.4:1 to 1.2:1. Carbon dioxide:slaked lime from & molar ratio about
0.5:1 to 1.3:1, preferably from about 0.7:1 to 1.0:1. C,-Cq carboxyiic acid: alkaline metal
base alkythydroxybenzoate a molar ratio from about 0.02:1 to 1.5:1, preferably from
about 0.1:1 t0 0.7:1.

Lime is added as a slurry (i.e., as a pre-mixture of lime, methanol, xylene) and CO; i3
introduced over a period of 1 hour to 4 hours, at a temperature between about 20°C. and
65°C.

The quantity of lime and CO> are adjusted in order to obtain for a high overbased
material (TBN>250) and crude sediment in the range of 0.4 voiume % to 3 volume %,
preferably in the range of 0.6 volume % to 1.8 volume %, without any deterioration of

the performance.

For a middie overbased material (TBN from 100 to 250), the quantity of lime and CO:
are adjusted in order to obtain a crude sediment in the range of 0.2 volume % to | volume
% The crude sediment without the use of C,-C4 carboxylic acid will range from about 0.8

volume % 1o 3 volume %.

Optionally, for each of the processes described above, predistillation, centrifugation and
distillation may be utilized to remove solvent and crude sediment. Water, methanol and a

portion of the xylene may be eliminated by heating between 110°C 10 134° C. This may
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Component A Group 111 Base Oil 1 52.2 Group Il Base Oil 2 20.3 Pourpoint Depressant 0.3 Viscosity
Index Improver 12,0 The data in Table 1.1 shows that as the percent branching in the alkylchain on

the alkylphenol used to prepare the carboxylate detergent increases, the MRV performance is
improved. WO 2009/086140 PCT/US2008/087739

be followed by centrifugation to eliminated unreacted lime. Finally, xylene may be
climinated by heating under vacuum in order to reach a flash point of at least about 160°
C as determined with the Pensky-Martens Ciosed Cup (PMCC) Tester described in
ASTM D93.

LUBRICATING OGiL COMPOSITION

The present invention also relates to lubricating oil compaositions containing the
overbased alkylated hydroxyaromatic carboxylate detergent of the present invention,
Such tubricating oil compositions will comprise 2 major amount of a base oil of
lubricating viscosity and a minor amount of the overbased alkylated hydroxyaromatic

carboxylate detergent of the present invention.

Base oi! as used herein is defined as a base stock or blend of base stocks which 1s a
lubricant component that is produced by a single manufacturer to the same specifications
(independent of feed source or manufacturer’s location); that meets the same
manufacturer's specification; and that is identified by a unique formula, product
identification number, or both. Base stocks may be manufactured using a variety of
different processes including but not limited to distillation, solvent refining, hydrogen
processing, oligomerization, esterification, and rerefining. Rerefined stock shall be
substantially free from materials introduced through manufacturing, contamination, or
previous use. The base oil of this invention may be any natural or synthetic jubricating
base oil fraction particularly those having a kinematic viscosity at 100°C and about 4
centistokes (¢St) to about 20 ¢St. Hydrocarbon synthetic oils may include, for exampie,
oils prepared from the polymerization of ethylene, poiyalphaolefin or PAQ, or from
hydrocarbon synthesis procedures using carbon monoxide and hydrogen gases such as in
a Fisher-Tropsch process, A preferred base oil is one that comprises little, if any, heavy
fraction; &.g., little, if any, lube oil fraction of viscosity about 20 ¢St or higher at about
100 C. Oils used as the base oil will be selected or blended depending on the desired end

use and the additives in the finished oif to give the desired grade of engine oil, e.g. 2
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lubricating oil composition having an SAE Viscosity Grade of OW, OW-20, OW-30, OW-
40, 0W-30, OW-60, 5W, 5W-20, SW-30, 5W-40, SW-50, 5W-60, 10W, 10W-20, 10W-
30, 10W-40, 10W-50, 15W, 15W-20, 15W-30, or 15W-40.

The base o1l may be derived from natural lubricating oils, synthetic lubricating oils or
mixiures thereof. Suitable base oil includes base stocks obtained by isomerization of
synthetic wax and slack wax, as well as hydrocrackate base stocks produced by
hydrocracking (rather than solvent extracting) the aromatic and polar components of the
crude, Suitable base oils include those in all API categories I, 11, ITI, 1V and V as defined
in API Publication 1509, [4th Edition, Addendum I, December 1998, Saturates levels and
viscosity indices for Group I, Il and II1 base oils are listed in Table 1. Group IV base oils
are polyaiphaolefins (PAG). Group V base oils include all other base oils not inciuded in
Group [, IL, II, or IV. Group II] base oils are preferred. TABLE-US-0000] TABLE !
Saturates, Sulfur and Viscosity Index of Group I, I, I}, IV and V Base Stocks Saturates
(As determined by ASTM D2007) Viscosity Index Sulfur (As determined by ASTM (As
determined by ASTM D4294, Group D2270) ASTM D4297 or ASTM D3120) I Less
than 90% saturates and/or Greater than or equal to 80 and Greater than to 0.03% sulfur
less than 120 II Greater than or equal to 90% Greater than or equal to 80 and saturates
and less than or equal to 0.03% less than 120 sulfur 1Ii Greater than or equal to 90%
Greaier than or equal to 120 saturates and less than or equal to 0.03% sulfur 1V All

Polyalphaolefins (PAQOs) V All others not included in Groups [, 11, ], or IV

Natural lubricating oils may include animal oils, vegetabie oils (e.g., rapeseed oils, castor

oils and lard oil), petroleum oils, mineral oils, and oils derived from coal or shale.

Synthetic oils may include hydrocarbon oils and halo-substituted hydrocarbon oils. such
as polymerized and inter-polymerized olefins, alkylbenzenss, polyphenyls, alkylated
diphenyl! ethers, alkylated dipheny! suifides, as well as their derivatives, analogues and
homologues thereof, and the like. Synthetic lubricating oils also include alkylene oxide

polymers, interpolymers, copolymers and derivatives thereof wherein the terminal
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hydroxyl groups have been modified by esterification, etherification, etc. Another
suitable class of synthetic lubricating oils comprises the esters of dicarboxylic acids with
a variety of alcohols. Esters useful as synthetic oils also include those made from C.sub.5
to C.sub. 12 monocarboxylic acids and polyols and polyoi ethers. Tri-alky! phosphate
ester oils such as those exempiified by tri-n-butyl phosphate and tri-iso-butyl phosphate

are aliso suitable for use as base oils.

Silicon-based cils (such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-
siloxane oils and silicate oils) comprise another useful class of synthetic lubricating oils.
Other synthetic lubricating oils include iiquid esters of phosphorus-containing acids,

polymeric tetrahydrofurans, potyalphaolefins, and the like.

The base oif may be derived from unrefined, refined, rerefined oils, or mixtures thereof.
Unrefined oils are obtained directly from a natural source or synthetic source (¢.g., ¢coal,
shale, or tar sand bitumen) without further purification or treatment. Examples of
unrefined oils include a shale oil obtained directly from a retorting operation, a petroieum
oil obtained directly from distillation, or an ester oil obtained directly from an
esterification process, each of which may then be used without further treatment. Refined
oils are similar to the unrefined oils except that refined oils have been treated in one or
more purification steps to improve one or more properties. Suitable purification
techniques include distillation, hydrocracking, hydrotreating, dewaxing, solvent
extraction, acid or base extraction, {iltration, and percolation, all of which are known o
those skilled in the art. Rerefined oils are obtained by treating used oils in processes
simiilar to those used to obtain the refined oils. These rerefined oils are also known as
reclaimed or reprocessed oils and efien are additionally processed by techniques for

removal of spent additives and oit breakdown products.

Base oil derived from the hydroisomerization of wax may also be used, either alone or in
combination with the aforesaid natural and/or synthetic base oil. Such wax isomerate oil

is produced by the hydroisomerization of natural or synthetic waxes or mixtures thereof
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over a hydroisomerization catalyst.

It is preferred to use a major amount of base oil in the lubricating oil composition of the
present invention. A major amount of base oil as defined herein comprises 40 wt or more,
Preferred amounts of base oil comprise from about 40 wt % 97 wt %, preferabiy greater
than from about 50 wt % to 97 wt %, more preferably from about 60 wt % to 97 wt %
and most preferably from about 80 wt % to 95 wt % of the lubricating cil composition.
(When weight percent is used herein, it is referring to weight percent of the iubricating oil

unless otherwise specified.}

The overbased alkali metal alkylhydroxybenzoate produced by the process of the present
invention in the lubricating oil composition will be in a minor amount compared to the

base oil of lubricating viscosity. Generally, it will be in an amount from about 1 wi % 10
25 wt %, preferably from about 2 wt % to 12 wt % and more preferably from about 3 wt

% to § wt %, based on the total weight of the lubricating oil composition.

OTHER ADDITIVE COMPONENTS

The following additive components are examples of components that can be favorably
employed in combination with the lubricating additive of the present invention. These
examples of additives are provided to illustrate the present invention, but they are not

intended to limit it.

(A)  Ashiess Dispersants

Alkenyl succinimides, alkenyl succinimides modified with other organic compounds, and

alkenyl succinimides modified with boric acid, alkeny! succinic ester.
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{(B) Onxidation inhibitors

1) Phenol type phenolic) oxidation inhibitors: 4,4'-methylenebis(2,6-di-teri-
butyiphenol), 4,4'-bis(2,6-di-tert-butylphenol}, 4,4"-bis(2-methyl-&-tert-butyiphenol), 2,2'-
{methylenebis(4-methyl-6-tert-butyl-phenol), 4,4-butviidenebis(3-methyi-6-tert-
butyiphenol}, 4,4'-isopropylidenebis(Z,6-di-tert-butyiphenol), 2,2 -methylenebis{4-
methyl-6-nonylphenel), 2.2'-isobutylidene-bis{4,6~-dimethylphenol), 2,2'-methylenebis(4-
methyi-6-cyclohexyiphenol), 2,6-di-tert-butyl-4-methyiphenol, 2,6-di-tert-butyi-4-
ethylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-.alpha.-dimethylamino-p-
cresoi, 2,6-di-tert-4(N.N' dimethylaminomethyiphenol}, 4,4'-thiobis(2-methyl-6-tert-
butylphenol}, 2,2'-thiobis{4-methyl-6-tert-butylphenol), bis(3-methyl-4-hydroxy-5-teri-
butyibenzyl-sulfide, and bis(3,5-di-ter{-butyl-4-hydroxybenzyl}.

2) Diphenylamine type oxidation inhibitor: alkylated diphenylamine, phenyl-.alpha.-
naphthylamine, and alkyvlated .alpha.-naphthylamine.

3} Other types: metal dithiocarbamate (e.g., zinc dithiocarbamate), and

methylenebis(dibutyldithiocarbamate}.

{C) Rust Inhibitors {Anti-Rust agents)

1) Non ionic polyoxyethylene surface active agents: polyoxyethylene lauryl ether,
polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl ether,
polvoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl ether, polyoxyethyiene
oleyl ether, polyvoxyethylene sorbitol monostearate, polyoxyethylene sorbitol mono-

oleate, and polyethylene glycol monooleate.

2) Other compounds: stearic acid and other fatty acids, dicarboxylic acids, metal
soaps, fafty acid amine saits, metal salts of heavy sulfonic acid, partial carboxylic acid

ester of polyhydric alcohol, and phosphoric ester.

22



1/40CVml.NNd,0C:10o0c 01Z-ZE SE-->A,>0

WO 2009/086140 PCT/US2008/087739

(D) Demuisifiers

Addition product of alkylphenol and ethyleneoxide, polyoxyethylene alkyl ether, and

polyoxyethyiene sorbitane ester.

(E}  Exireme Pressure Agents (EP agents)

Zinc dialkyldithiophosphate (Zn-DTP, primary alky! type & secondary alkyi type),
sulfurized oils, diphenyl sulfide, methyl trichlorostearate, chiorinated naphthalene, benzyl
iodide, fluoroalkylipolysiloxane, and iead naphthenate.

(¥} Friction Miodifiers

Fatty alcohol, fatty acid, amine, borated ester, and other esters

(G} Multifunctional Additives

Sulfurized oxymolybdenum dithiocarbamate, sulfurized oxymolybdenum organo
phosphorodithioate, oxymolybdenum monogtyceride, oxymolybdenum diethylate amide,
amine-molybdenum complex compound, and sulfur-containing molybdenum complex
compound.

(H)  Viscosity Index Improvers

Polymethacrylate type polymers, ethylene-propylene copolymers, styrene-isoprene

copolymers, hydrated styrene-isoprene copolymers, polyisobutylene, and dispersant type

viscosity index improvers.
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Branching in the Olefin Used to Prepare the Alkylphenol MR-V. Results Yield Stress (Pa) Viscosity
(cP@

WO 2069/086140 PCT/US2008/687739

(H Pour-point Depressants

Polymethvi methacrylate.
{(h Foam Inhibitors

Alkyl methacrylate polymers and dimethyl silicone polymers.

(K} Metal Detergents

Sulfurized or unsulfurized alkyl or alkenyl phenates, alkyl or alkenyl aromatic sulfonates,
calcium sulfonates, sulfurized or unsulfurized metal salts of multi-hydroxy alkyl or

alkenyl aromatic compounds, alkyl or alkenyl hydroxy aromatic sutfonates, sulfurized or
unsulfurized alkyl or alkeny! naphthenates, metal salts of alkanoic acids, metal salts of an

alkyl or alkenyl multi-acid, and chemical and physical mixtures thereof.

Other embodiments will be obvious to those skilled in the art.

The following examples are presented to illustrate specific embodiments of this invention

and are not to be construed in any way as limiting the scope of the invention.

Example 1
Low Temperature Performance of C20-28 and C20-24 Carboxylates in an Automotive

Engine Gil Formuiation

Table 1.1 iHustrates the low temperature performance of five carboxylate detergents as
measured in the ASTM D 4684 (-35 °C, MRV) test in a fully formulated automotive
engine ol prepared using the following automotive engine oil additive package and base
oil blend:
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-35C WO 2009/086140PCT/US2008/087739 Example 2 Measurement of % Branching and %
Alpha-Olefin in C20-24 Isomerized Alpha Olefins (TAO) 5Infrared spectrometry is used to determine
the percentage methyl branching and percentage residual alpha-olefin of isomerized C20-24 NAO or
isomerized alSha'BIEfAA0). The technique involves developing a calibrEfSHEHEBE Reen the
infrared absorption at 1378 cm-1 (characteristic of the methyl stretch) measured by attenuated
reflectance (ATR) infrared spectrometry and the percent branching

Automotive Engine Oil Additive Package

Additive Treat Rate

Borated Bis-Succinimide 30wt %

Post Treated (Ethylene Carbonate) Bis-Succinimide 5.0 wi %

Non-Carbonated Calcium Sulfonate 8 mmel Ca/kg in
finished oi}

Post Treated (PthalicAcid) Bis-Succinimide 0.4 wi, %

Zinc Dithiophosphate 12.5 mmol P/kg in
finished oil

Molybdenum Succinimide Complex 0.4 wt. %

Aminic Antioxidant 0.5 wt. %

Phenolic Antioxidant 0.5 wit, %

Foam Inhibitor 30 ppm in finished oil

Carboxylate Detergent 56 mmol Ca/kg in |
finished oil i

This package was blended at 15.2 weight % in the foliowing base oil blend to make a
SW40 multigrade finished oil:

Base Oil Blend

Component %%
Group 111 Base Oil | 52.2
Group 11l Base Gil 2 20.3
Pourpoint Depressant 0.3
Viscosify Index Improver 12.0

. The data in Table 1.1 shows that as the percent branching in the alkylchain on the
alkylphenoi used to prepare the carboxylate detergent increases, the MRV performance is

improved.

25



10determined by GLPC analysis of the corresponding hydrogenated IAO samples (hydrogenation
converts the IAO to a mixture of paraffin's in which the normal paraffin has the longest retention time
for a give carbon number). Similarly, a calibration curve was developed between the infrared
absorption at §07°¢fEa € haracteristic of alpha olefin C-H stretch) deternfh&@ B 4 iR ted
reflectance 15(ATR) infrared spectrometry and the percent alpha-olefin determined by quantitative
carbon NMR. A linear least squares fit of data for the percent branching showed the following
equation: 20 % Branching by Hydrogenation GC = 3.0658 (Peak Height at 1378 cm-1, in mm, by ATR
Infrared Spectroscopy) - 54.679. The R2 was 0.9321 and the branching content of the samples used
to generate this calibration equation ranged from approximately 9 % to 92 %. 25 Similarily, a linear
least squares fit of the percent alpha-olefin data showed the following equation: % Alpha-Olefin by
Carbon NMR = 0.5082 (Peak Height at 909 cm-1, in mm, by 30ATR Infrared Spectroscopy) - 2.371.
The R2 was 0.9884 and the alpha-olefin content of the samples used to generate this calibration

equation rangéd from approkimately 1%/to 75 %.
o ™
= U
ﬁc?o < Sl o
N T = & oo pARN
[~ S yy = b =
B = e T o= o AR
g E N bl
e
&
o
& i !
el <t i o
5 o | g o3 = Voo
= S |2 9 < N g
2o ® |7 w & o R
4 =
! —
=
f& 3
- =
&
w & ) b1
! B S 8 = £
o - o [y o oo =
= e o O — [ g o
& Eg ol & &g s v = T8
= ga 5 & F & 2 P o) g
= g A N & = Yo g
- E = g < & ks
= = I~
4] — R=
b= e
2
$ - !
oo &
= o - o g
e ° o fh = o
S ® lm Z SRR o ;;fqm“ g
o = . = o = Tal -~
=3 B A IR O X B Y g
<
&) & | = 3
~
Lt}
ol
! T s
-y M= :
e v o gl L11]
& |2 e o - ‘st @
2 | B P~ ~ P —
= " FE Y
& < £
™ =
p
™ w 8
g Q o = o &
ZG) -Qoij "«E ~ bt
=I5 g5 E o C® &
= Jlo= '™ 2 ney I
o | QZ;N.._. D-D,,t,’ vm-im() -
sz & SCBIER wCE 28 =
S B8 F R & 5% 0T g
i sTe<nEenT BEgz2 8
ME o e s L BRIV RO =
Cl=go eBleCFEE gD 29 =
Sl 8 &S s B e = D i
! o e o S D i e & =
:5& mmmu._emg.ﬁ 2E A =
Cie 0BT ELR O < E =5 :
:




WO 2009/086140PCT/US2008/087739 Example 3 Preparation of Isomerized C20-28 (C20-24/C26-28
(80:20)) Alpha Olefin 5 The primary olefinic species in Normal Alpha Olefins (NAQO's) is normally
alpha-olefin. The isomerization of NAO's over the solid acid extrudate catalyst ICR 502 (purchased
from Chevrol L EIEHIE Global) isomerizes the alpha-olefin to other olefiff @E&%‘?@@ggﬁgh as
beta-olefins, internal olefins and even tri-substituted olefins. 10The isomerization of NAO's over ICR
502 catalyst also induces skeletal isomerization in which methyl groups are introduced along the
hydrocarbon chain of the isomerized alpha olefin (IAO0) which is referred to as branching. The
branching content of IAO's is monltored by Infrared spectrometry (Example 2). The degree of olefin
and skeletal isomerization of an NAO depends on the conditions of the 15isomerization process. A
mixture of C20-24/C26-28 (80520 By weight) obtained from Chevron Phillips Chemical Company was
isomerized in a tubular fixed b@d &actor (2.54 cm ID x 54 cm Length Stainless Steel) packed
sequentially from the bottom q the reactor to the top of the reactor as follows; 145 grams Alundum
24,40 grams of ICA 505 mlxecﬁw@ 85 grams of Alundum 100, 134 grams of Alundum 24. The
20reactor was mounted verticglly-m a temperature controlled electric furnace. The catalyst was dried
at approximately 150 C in a d@/\/nﬁow of dry nitrogen of approximately 30 ml / minute. The NAO
(heated to approxmatéy 35 Cf_;) v@s pumped upflow at a WHSV of 1.5 while the catalyst bed was held
at temperatures ranglng betwgn '930C and 230C at atmospheric pressure and samples of IA0
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25were collected at the outlet of the reactor with different amounts of branching depending on the
reactor temperature Example 4 Preparation of Alkylphenol 9415 30 To a 10 liter, glass, four neck flask
fitted with a mechanical stirrer, reflux condenser and thermocouple under a dry nitrogen atmosphere
was charge&@dﬁ??@?g}ﬁ% of melted phenol (42.5 moles) followed by ZZOBCgTIJ zém(‘gi.] 7fir:i%les) of the
isomerized 30 WO 2009/086140PCT/US2008/087739 C20-28 alpha-olefin from Example 3 containing
26.2 e/e Branching. To this gently stirring mixture was added 770 grams of Amberlyst 36(r) acidic ion
exchange resin obtained from Rohm and Hass (dried approximately 25 hours in an oven at 110 C. The

reaction tempera uré'was increased to 120C and held for about 19 hours at 5which time the
conversion was 9%1 % (by Supercritical Fluid Chromatography). The product was filtered through a
Buchner funnel:g;@ the aid of vacuum and the filtrate combined with that of previous reactions to
afford approximgqéy 1.3 kg of produptu._) his product was vacuum distilled (98 to 108 C at 50 Tore
vacuum, then 9@(3_;;3@50 Fore {Zacu@nmnd then finally 94 - 204C at 1.0 Tore vacuum to afford 8638
grams of 10the§ KylPhenol 9478 with the following properties: 1.7% Unreacted olefin/paraffin,
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13.2 % Di-alkylate by Supercritical Fluid Chromatography; 57 % para-alkyl isomer by IR; 1.3 % Ether,
10.1 % Di-Alkylate, 52.2 % para-alkyl-isomer, 0.04% free phenol, 1.3 % Unreacted olefin/paraffin by
HPLC. 15 Example 5 Preparation of Alkylphenol 20011 The alkylphenol 200H is a commercial
aIkyIphenoI%&%?W‘Q mixture of unisomerized C20-24/C26-28 NAO (§6%§23[’)8f’3ﬁ¥éﬂ’from Chevron
Phillips Chemical 20Company. Alkyklphenol 200H had the following properties: 1.0 % Ether, 3.5 A, Di-

alkylate, 35.9 o5-B2mplsIRyl-isomer, 0.8 % fre nol and.0.8% Unreacted olefin/paraffin by HPLC.
Example 6 25PMHSIEHOROPSBHENY: ﬁéﬁ%?@ﬁ%%%ﬂ N&éé?e |ﬁq£5lzée§.‘ép?ﬁ’§r, three neck
round bottom flagkfitsgtiagith a mechanical stirrer and reflux condenser under a dry nitrogen
atmosphere was added approximately 1600 grams of melted C20-24 NAO obtained from Chevron

Phillips Company. This solution was 30 warmed to approximately 40C and then approximately 1.2 ml
of iron pentacadpfrytdvascideirvits S5eihgelerminedbe Geausane medtbbrapiengsddnonitored by

Infrared Spectroscony, intil e ARsHRIYES 3t RN and HE0cmr hae sninimeli-Ehaifaaction was cooled

to approximately 30 C and then about 50 grams of silica gel was added to 3%
olefin (IAO). The technigue involves developiig a calibration curve between the

infrared absorption at 1378 cm-1 (characteristic of the methyl stretch) measured by
attenuated reflectance (ATR) infrared spectrometry and the percent branching

10 determined by GLPC analysis of the corresponding hydrogenated 1IAO samples
(hydrogenation converts the IAO to a mixture of paraffin’s in which the normal
paraffin has the longest retention time for a give carbon number). Similarly, a
calibration curve was developed between the infrared absorption at 907 cm-1
(characteristic of aipha olefin C-f stretch) determined by attenuated reflectance

15 (ATR) infrared spectrometry and the percent alpha-olefin determined by quantitative
carbon NMR.

A linear least squares fit of data for the percent branching showed the following
equation:

20
% Branching by Hydrogenation GC = 3.0658 (Peak Height at 1378 cm-1, in mm, by
ATR Infrared Spectroscopy) — 54.679. The R2 was 0.9321 and the branching content
of the samples used to generate this calibration equation ranged from approximately 9
% to 92 %.

25

Similarily, a linear least squares fit of the percent alpha-olefin data showed the

following equation:

% Alpha-Olefin by Carbon NMR = 0.5082 (Peak Height at 909 cm-1, in mm, by
30 ATR Infrared Spectroscopy) — 2.371. The R2 was 0.9884 and the alpha-olefin
content of the samples used to generate this calibration equation ranged from

approximately 1% to 75 %.
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WO 2009/086140PCT/US2008/087739 the reaction followed by about 1 ml of methanesulfonic acid
Th.e.flask was heated to 90 C and periodic testing of aliquots by filtering through a 0.5 micron filter |
(Mllllpore) ang heatir%%‘to 250C on a hot plate and watching for discoloration . When aliquots no longer
discoloured BY H{E"B&8%ic testing (approximately 12 5hours), the reactidfy WaEEHIETT room
temperature and product was washed with water, dried over anhydrous NaSO4 and filtered to afford
an isomerized C20-24 with the following properties: 12 % Branching, <1% Residual alpha-olefin by IR;
0.4 % alpha-olefin, 21.5% beta-olefin, 2.2% tri-substituted olefin, 97.3 % internal-olefin by Carbon ’
NMR. 10 Example 7 Preparation of Alkylphenol 5502 Following the procedure in Example 4
alkylphenol 55 Qmep}epared from the 15isomerised C20-24 NAO obtained from Example’ 6 to afford
alkylphenol 5502 withithe faloming gt GRermipsC 305296 Aret8e R dlpfppalfdifin 9.9 % Di-alkylate by
SFC; 39 % para-alkyl-isomer by 1R; 0.4 % ether, 5.0 % Di-Alkylate, 69.6 % para-alkylisomer, 0.18 %

free phend and 1.0 % Unreacted olefin/paraffin b i
y HPLC. 20 Example 8 Preparation
200,1 The primary olefinic species in Normal Alpha Olefins (NAOE)S} is nom?aily alpha(-)f Alkylphenol

olefin. The isomerization of NAQ’s over the solid acid extrudate cataiyst ICR 502
{purchased from Chevron Lummnus Global) isomerizes the alpha-olefin to other
olefinic species, such as beta-olefins, internal olefins and even tri-substituted olefins.

10 The isomerization of NAQ's over ICR 502 catalyst also induces skeletal
isomerization in which methyl groups are introduced along the hydrocarbon chain of
the isomerized alpha olefin (IAO) which is referred to as branching., The branching
content of IAQ’s is monitored by Infrared spectrometry (Exampie 2). The degree of
olefin and skeletal isomerization of an NAO depends on the conditions of the

15  isomerization process. A mixture of C20-24/C26-28 (80:20 by weight) obtained from
Chevron Phillips Chemical Cornpany was isomerized in a tubular fixed bed reactor
(2.54 cm 1D x 54 cm Length Stainless Steel) packed sequentially from the bottom of
the reactor to the top of the reactor as follows; 145 grams Alundum 24, 40 grams of
ICR 505 mixed with 85 grams of Alundum 100, 134 grams of Alundum 24, The

70 reactor was mounted vertically in a temperature controlied electric furnace. The
catalyst was dried at approximately 150 °C in a downflow of dry nitrogen of
approximately 30 ml / minute. The NAO (heated to approximately 35 °C ) was
pumped upflow at a WHSV of 1.5 while the catalyst bed was held at emperatures
ranging between 130 °C and 230 °C at atmospheric pressure and samples of AU

55 were coliected at the outiet of the reactor with different amounts of branching

depending on the reactor temperature.

Example 4
Preparation of Alkyiphenol 9415
30
To a 10 liter, glass, four neck flask fitted with a mechanical stirrer, reflux condenser
and thermocouple under a dry nitrogen atmosphere was charged 3000 grams of
melted phenol (42.5 moles) followed by 2200 grams (6.5 moles) of the isomerized
30



The alkylphenol 200J was prepared as in Example 4 using unisomerized C20-24 NAO obtained from
Chevron Phillips Chemical Company. Alkylphenol 200.1 had the 25following properties: 2.7%
Unreacted olefin/paraffin, 7.1% Di-alkylate by SFC; 40 % Para-alkyl-isomer by IR; 2.2 % Ether, 4.9 %
Di-alkylate, 36 §¥8/B%? 4 alkyl-isomer, 0.5 % free phenol and 2.3 % UnreBttebPotetiffpatatfin by HPLC.

Example 9 30Preparation of Alkylphenol 5631 Following the procedure of Example 4, alkylphenol 5631
was prepared fr@%’&%ﬁ%ﬂ@ﬂ’é’%ﬁ%%@ﬁi@ﬂ‘@?é-@%@g %é@e %))%‘T‘Bﬁ%ﬁef?r? é‘b‘ﬁt%%ﬁﬁb >;S 6% 32
WO 2009/086143R{ng A4SR008H8:4439 Thapehin g Ohtatea dsiros® Bxamnpie Sxmaferdsan alkylphenol

T 0 OGN, 5 0 TP 04 oo

The reaction temperature was increased to 120°C and held for about 19 hours at

5  which time the conversion was 99.1 % (by Supercritical Fluid Chromatography). The
product was filtered through a Buchner funnel with the aid of vacuum and the filtrate
combined with that of previous reactions to afford approximately 1.3 kg of product,
This product was vacuum distilled (98 to 108 °C at 50 Torr vacuum, then 94 °C at 30
Torr vacuum and then finally 94 - 204°C at 1.0 Torr vacuum to afford 8638 grams of

10 the alkylphenol 9415 with the following properties: 1.7 % Unreacted olefin/paraffin,
13.2 % Di-alkylate by Supercritical Fiuid Chromatography; 57 % para-alkyl isomer
by IR, 1.3 % Ether, 10.1 % Di-Alkylate, 52.2 % para-alkyl-1somer, 0.04 % free
phenol, 1.3 % Unreacted olefin/paraffin by HPLC.

15  Example 5
Preparation of Alkylphenol 200H.

The alkyiphenol 200H is a commercial alkylphenol made from a mixture of
unisomerized C20-24/C26-28 NAO (80:20) obtained from Chevron Phillips Chemical

20  Company. Alkyklphenol 200H had the following propetties: 1.0 % Ether, 3.5 % Di-
alkylate, 35.9 % Para-alkyl-isomer, 0.8 % free phenol and 0.8 % Unreacted
olefin/paraffin by HPLC.

Exampie ¢
25 Preparation of Isomerized / Branched C20-24 Alpha Olefin

To a 3.0 liter, three neck round bottom flask fitted with a mechanical stirrer and reflux
condenser under a dry nitrogen atmosphere was added approximately 1600 grams of
meited C20-24 NAO obtained from Chevron Phillips Company. This solution was
30 Wa:t;med to approximately 40°C and then approximately 1.2 mi of iron pentacarbonyl
was added via syringe. The reaction was heated to 190 °C and monitored by Infrared
Spectroscopy until the absorptions at 99C and 910 cm-! are minimal. The reaction
was cooled to approximately 30 °C and then about 50 grams of silica gel was added to
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Neutralization of Alkylphenol 9415 to Prepare the Corresponding Potassium Salt The alkylphenol 9415
of Example 3 (1500 grams, 3.48 moles) was charged to a 4 liter round bottom, four neck flask

equipped with a Dean Stark trap and condenser 10 followed by 750 g of mixed xf(}J/Ienes and 0.2 g of

foam inhibitw;o'lzﬁ%wr?%?&ﬂ're was heated to 60C over 15 minutes with agit ftion and then 451.1 grams

(3.48 moles corrected for purity) of 50 wt% aque uséOH lution .vc\{asrﬁd eq{%ya%rhjéotégi%utes. This
mixture was thePhEZRgTOHeReEd uertrsh i (e AR HRYHATHY of this Temperature ramp to

135C, the pressureavas fesisaachiai4po ity Ehalremdtihy ddrefluxmieiyldies were maintained at
eflux or an acgnal 3 houts abuhich o1k 330 1) oAl VRBRESNEIREia e Dean Stark rap.

The reaction wa 0 roem temperature a ept under an atmosphere of dry nitrogen.
Analysis of this Iijhi slhiqueththeygestsecofaddte this 228 qsinieatier T arar BasaiNuber = 81.3. 20

Example 11.Carboxylagion gf the Potasiym SaltahaAledahene! S4k% JHe: pekassimialiyiphenol salt

xylene solution o tam%% from Example 10 was heated to 100C_and transferre 3 Jiter stainless

steel pressure regiesrdTpROYShIBRISTIONS BFRVA ARdoi e R ahioq- 87 A9BEKS whS Bibbled
through the prodyetesintikthe seactarseacheBranbngf presfuadidel phactiefnbad Reldidé 140C and a

constant pressure of 3 bar of CO2 for 4%1# - The contents of the-reactor,was jg% b
approximately 1650285 £ XIBHE S "34120(%%"5510%&%%%@ léegr g?(y%)at{é wit t%e é?ovying
properties: 30 Y%0ogrtemaedyRmass balance; Carboxylic Acid = 64.2 mg 30KOH/gram of sample by
titration. Exgmple 12
1
Example 7

Preparation of Alkylphenol 5502

Following the procedure in Example 4, alkylphenol 5502 was prepared from the

15 isomerised C20-24 NAD obtained from Example 6 to afford alkyiphenol 5502 with
the following properties: 3.5 % Unreacted olefin/paraffin, 9.9 % Di-alkylate by SFC;
39 % para-alkyl-isomer by IR; 0.4 % ether, 5.0 % Di-Alkylate, 69.6 % para-alky!-
isomer, 0.18 % free phenol and 1.0 % Unreacted olefin/paraffin by HPLC.

20 Example8
Preparation of Alkylphenol 200J

The alkyiphenol 200J was prepared as in Example 4 using unisomerized C20-24 NAO
obtained from Chevron Phillips Chemical Company. Alkyipheno! 200 had the

25 following properties: 2.7 % Unreacted olefin/paraffin, 7.1 % Di-alkylate by SFC; 40
% Para-alkyl-isomer by IR; 2.2 % Ether, 4.9 % Di-alkylate, 36.9 % Para-alkyl-isomer,
0.5 % free phenol and 2.3 % Unreacted olefin/paraffin by HPLC.

Exampie 9
30  Preparation of Alkyiphenol 5631

Following the procedure of Exampie 4, alkylphenol 3631 was prepared from a
mixture of isomerized C20-24/26-28 (80:20) alpha olefin containing 79.6 %
32



Acidification of the Potassium Carboxylate Derived from Alkylphenol 9415 The potassium carboxylate
xylene solution (1100 grams) obtained from Example 11 5was poured into a 4 liter, round bottom four
neck flask fitted with a mechanical stirrer, reflux condenser, thermometer under a dry nitrogen
atmosphere"g?%’{i?f?%@rﬁ(berature followed by 647 grams of mixed xyleneggf/g%ﬁ?g ixtdfe was added
1006 grams of 10 wt, % aqueous |12S0O4 over 30 mjnutes with stirring. During. this time, the reaction
was heated to 607ECHRE FREMRFE TR R s %fﬁrééﬁﬁlgf@pefg}%ﬁ%f%&&%%%d to stand
approximately 2phensiside: 8liow phirsel saparBialkataehichitivh 4616 bigrarrs bf4e drganic phase was

obtained with the}efﬁoll Wilagl Brg}(f)ertiegéeg%;b xylic fEldb}fl gﬁ%mg KOH/gram of sample by titration;

60.4% xylene by A Parance Water = grrﬁ; ppm. 15 Example 13 Overbasing of the

Carboxylic Acid Derived from Alkylphenol 9415 to Prepare Carboxylate 8080  The overbasing of the
carboxylic a§id i@ &%%EQRgShed in two steps: Neutralization 20and Carbonation followed by
Predistillation, Centrifugation and Final Distillation. Neutralization and Carbonation A slurry of lime
(272.9 grams), Rietratsriop el Adesipkgrahhived W@ﬁé@e@?ﬁe%’@‘}%gﬂ%séﬂﬂbﬁb a jacketed,

glass, 4 liter, four neck reactor fitted with a mechanical stirrer, gas inlet tube and reflux condenser at
cotained from XIS TBB0LIAE RORSEEE it At I KAt e 20 e
temperature of themeactiom|Sdhemntieatek ¢quifiedlveh dDeinStes arg thdredBiggrams of a mixture
30(50:50 byweighp) of farmic pgickageli asldis added Jo tefastiling tempaaiure 9fs

heated to 60°C over 15 minutes with agitation and then 451.1 grams (3.48 moles

corrected for purity) of 50 wt% aqueous KOH solution was added over 10 minutes.

This mixture was then heated to 135°C over 150 minutes. At the beginning of this

temperature ramp to 135°C, the pressure was reduced to 43¢ mm Hg. The resulting

15  refluxing xylenes were maintained at reflux for an additional 3 hours at which point
330 ml of water was recovered from the Dean Stark trap. The reaction was then
cooled to room temperature and kept under an atmosphere of dry nitrogen. Analysis

of this liquid showed the presence of water = 223 ppm and Total Base Number = 81.3.

26 Exampie 11
Carboxylation of the Potasium Salt of Alkylphenol 9413

The potassium alkylphenol salt xylene solution obtained from Example 10 was heated

to 100°C and transferred to a 4 liter stainless steel pressure reactor. The contents of
75 the reactor was heated to 140°C and CO; was bubbled through the product until the

reactor reached 3 bar of pressure. The reaction was held at 140°C and a constant

pressure of 3 bar of CO» for 4 hours. The contents of the reactor was cooled to

approximately 100°C to afford a xylene solution of the potassium carboxylate with

the following properties: 30 % xylene by mass balance; Carboxylic Acid = 64.2 mg
30 KOH/gram of sample by titration,
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the reaction increased to 43 C and was allowed to stir 5 minutes. The reaction mixture was then
cooled to 30 C over 20 minutes and then CO2 gas (9.8 grams) was added to the reaction over 11
minutes at which time the temperature increased to 32 34 C. CO2 (81.6 grams) was added to the
reaction ove? 73t and the reaction temperature increased to 48C FATEEZSIHOEIGHY of lime (51.9
grams), methanol (42.9 grams) and mixed xylenes (260 grams) was added to the flask. CO2 (61.1
grams) was ad&%?@{%l’&‘?g?eaction over 57 minutes at which time the reaction temperature 5increased

to 60C. Predistijaigific&pntofupatenangnrias Rigttiatien vthe:netharoinwatenand a portion of the
xylenes was removed by distillation. The 10reflux condenser to a distillation head and the reaction

temperature was increased to 128 C over 110 minutes. When the reaction reached 128 C, 422.5

grams of oil (100N eutasdiuvesdadebh iwithlstiriogtidAnsdnijleahthe bedctibfreh@xetdecride sediment

= 2.8 vol %. Thig pr centrifu remove the sol nt (Alfa Laval Gyrotester ) and the
s Thig Rrogluch Was centrifuged 19, [6MoY OHAS.RIES

resulting solution v cuum\%stmegltor’removegﬁt%% r%‘#%gfr??ng .15x§/$e§(‘eé %T&%atnéf%rynbar) to afford the

final carboxylatétisreid ERAN HPRHENRSHOWSHTGPROIsE HIWST 90aNHre2e8 3WRoED SiyoBOC) = 133 cSt,

Carboxylic Acichemfr4rne KT sample B-UHalemandBassitmic 447880, Total Base

Number = 353. 20 Example 14 , e . :
1006 grams of 10 wt. % aqueous H,SO, over 30 minutes with stirring. During this

time, the reaction was heated to 60 °C. The product was transferred to a separatory

10 funnel and allowed to stand approximately 2 hours to allow phase separation at which
time 1679.5 grams of the organic phase was obtained with the following properties:
Carboxylic Acid = 40.8 mg KOH/gram of sample by titration; 60.4 % xviene by mass
balance; Water = 339 ppm; K= 116 ppm.

15 Example 13
Overbasing of the Carboxylic Acid Derived from Alkylphenol 9415 to Prepare
Carboxylate 8080

The overbasing of the carboxylic acid 1s accomplished in two steps: Neutralization

20 and Carbonation followed by Predistillation, Centrifugation and Final Distillation.
Neutralization and Carbonation

A shurry of lime (272.9 grams}, methanol (226.7 grams) and mixed xylenes (370

25 grams) is added to a jacketed, glass, 4 [iter, four neck reactor fiited with a mechanical
stirrer, gas inlet tube and reflux condenser at room temperature. To this mixture was
added 1244.1 grams of the carboxylic acid xylene solution obtained from Example 12
over 15 minutes with stirring while heating the mixture {0 28°C, The temperature of
the reaction is then heated to 40 °C over 15 minutes and then 13.9 grams of a mixture

30 (50:50 by weight) of formic acid/acetic acid is added to the flask. The temperature of
the reaction increased to 43 °C and was allowed to stir 5 minutes. The reaction
mixture was then cooled to 30 °C over 20 minutes and then CO2 gas (9.8 grams) was
added to the reaction over 11 minutes at which time the temperature increased to 32
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Preparation of the Carboxylate 8086 from Alkylphenol 5631 The procedure in Examples 10, 11, 12
and 13 were followed to prepare the carboxylate 8086 starting with the alkylphenol 5631 from Example
9 to afford the 25final carboxylate with the following properties: % Ca = 12.49 %, Viscosity (100 C) --
157 cSt, Ca%%ﬁ%f’cf%@iﬂE 35.1 mg KOH/ gram of sample by titration and POt T3 ppm and
Total Base Number = 350. Example 15 30Preparation of the Carboxylate 8082 from. Alkylphenol 5502
The procedure Iy ESAn LR Yf&ﬂﬁ@é%é%ﬁ@%@ﬁefo%@wgstﬁ% JdBYBB/I8% 8082starting
with the alkylphergeab(i2 firmedsahmpled taadtostdRm3) ofimiatcaihogytate)yritbitheofgHdWwing

properties: % Ca = 12.58 %, Viscosit C) =58.6 cSt. {FQX I %gg— : gram of
sample by titrat%ﬁmasr%rgo é%%[:lluxrﬁe:n Sdf%gp)%%ﬁnﬁ%%f%dggg uﬁrzn}E)Ae%(i g(%?E?g%ﬁI%éq‘i% Preparation
of Carboxylate 803 frotine Adkylismenst 30@dinutes at which time the reaction temperature

5 increased to 60°C.

Predistillation, Centrifugation and Final Distillation

The methanol, water and a portion of the xylenes was removed by distillation. The

10 reflux condenser to a distillation head and the reaction temperature was increased to
128 °C over 110 minutes. When the reaction reached 128 °C, 422.5 grams of 0il (100
Neutral} was added with stirring. A sample of the reaction showed a crude sediment
= 2.8 vol %. This product was centrifuged to remove the solids present (Alfa Lavai
Gyrotester ) and the resulting solution vacuum distilled to removed the remaining

15 xylenes (204°C at 60 mbar) to afford the final carboxylate product with the following
properties: % Ca = 12.59 %, Viscosity (100°C) = 133 c5t, Carboxylic Acid = 34.4
mg KOH/ gram of sample by titration and Potassium = 127 ppm, Total Base Number
=353,

20 Example 14
Preparation of the Carboxylate 8086 from Alkylphenol 5631

The procedure in Examples 10, 11, 12 and 13 were foliowed 10 prepare the
carboxylate 8086 starting with the alkylphenol 5631 from Example 9 to afford the

25 final carboxylate with the following properties: % Ca = 12.49 %, Viscosity (100 °C) =
157 ¢St, Carboxylic Acid = 35.1 mg KOH/ gram of sample by titration and
Potassium = 33 ppm and Total Base Number = 350.

Exampie 15
30  Preparation of the Carboxylate 8082 from Alkylphenol 5502

The procedure in Examples 10, 11, 12 and 13 were followed to prepare the
carboxylate 8082starting with the alkylphenol 5502 from Example 7 to afford the
35



The procedure in Examples 10, 11, 12 and 13 were followed to prepare the carboxylate 8053 starting
with the alkylphenol 200J from Example 8 to afford the 10final carboxylate with the following
properties: % Ca = 12.66%, Viscosity (100 C) = 52.5 cSt, Carboxylic Acid = 35.7 mg KOH/ gram of
sample by t¥fRFIH°AR8 Potassium = 136 ppm and Total Base Number -:Fﬁr‘?‘f%@fﬂﬁ@i?
15Preparation of Carboxylate 8068 from Alkylpheno1200H The carboxylate 8068 is a commercial
product obtained#FreRelrsHEbirdUlor Ba@RaEIsE foIGhmboropertiEsedita™ 19)5 viscosity
(100 C) = 180 c8¢. L wibosytisxNeidacidl-0 188 K@ HOgIagref sosmpitoystitation antd Potassium = < 100
20 ppm and Totgl Base Number = 353 25e Q{VH'?‘J I%CE%I%ED IS: 1.A carboxylate detergent
prepared by the ﬁr%%sé%@ colrﬁﬁﬁgllnagn%ag 4 ty %st?ng%n f/rdroxyaromatic compound with at least one
normal alpha olefin having from 12 to 30 carbon atoms per molecule that has been isomerized to
obtain an isgme%zegﬁglf% olefin having 15-98 wt% branching and a residual alpha olefin content of
W

between from 0.1 {0 t%, thereby producing an alkylated hydroxyaromatic compound:
Preparation of Carboxylate 8053 from Alkyiphenol 200]

The procedure in Examples 10, 11, 12 and 13 were followed to prepare the
carboxylate 8053 starting with the alkylphenol 200 from Example 8 to afford the

10 final carboxylate with the following properties: % Ca = 12.66 %, Viscosity (100 °C) =
52.5 ¢St, Carboxylic Acid = 35.7 mg KOH/ gram of sample by titration and
Potassium = 136 ppm and Total Base Number = 357.

Example 17
15  Preparation of Carboxylate 8068 from Alkylphenol 200H

The carboxylate 8068 is a commercial product obtained from Chevron Oronite LLC

and has the following properties: % Ca = 12.5, Viscosity {100 °C) = 180 ¢3¢,

Carboxylic Acid = 37.0 mg KOH/ gram of sample by titration and Potassium = < 100
20 ppm and Total Base Number = 353,
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(b) neutralizing the resulting alkylated hydroxyaromatic compound with an alkali metal base to provide
an alkali metal salt of the alltylated hydroxyaromatic compound; (c) carbonating the alkali metal salt
from step (b) with carbon dioxide thereby producing an alkylated hydroxyaromatic carboxylic acid alkali
metal salt; (d) acidifying the salt produced in step (c) with acid to produce the alkylated
hydroxyaromatic carboxylic acid; and (e) overbasing the alkylated hydroxyaromatic carboxylic acid
with lime in the presence of carbon dioxide thereby producing an overbased alltylated hydroxyaromatic
carboxylateydetargent; Amerearboxylate detergent of Claim | wherein the isomerized alpha olefin is a
partially isomerized olefin containing a residua) alpha olefin content, wherein when the percent
branching in the partially isomerized alpha oleéi is less than or e;{gual to 25 weight percent, then the

residual alpha olefirr EBATE S TERPAPIRIR TS S B R ST BRHHIE greater than or equal to 8

weight percent. 3. The carboxylate detergent of Claim | wherein the isomerized alpha olefin has 30-

80 wt% branchinqﬁ4. Th%c rtbo(g( Iﬁlt%%eteg%%ofCCIaiBnug; V\@ r%'{ etah% (i)%grr?%jnzaﬁ%alpha olefin has
45- 70 wt% branc i)ng 'Izhgcaalrnmxy% e }c%%ergenf SPEREIMS Wheteir the |somer|2ea)a?pha olefin has

50- 60 wt% branching. Gldfelcaibpiydate Hetéfyembof @laim pavheremnthtsisbasérized alpha olefin is
composed of at least about 2302/&%@% aii%%leﬁts!)%?esrti %%0%1}193/81%%%2%% qu%gl‘%@f and having from

20 to 24 carbon atoms. 7. The car oxylate detergent of Claim 1 wherein'the normal alpha olefin
mixture has from 14 to 28xwiionastbarserarmideud: 8 qmecohbbriarn detrgdriraiClaim | wherein

the normal alpha olefin rgjigg/to%gep fﬁ?&ﬁ;ﬁﬁxéoag%ﬁ@@@@ W@@%@ﬁfﬁﬁﬂte%o%nﬁ lubricating oil

composition comprising an oil of lubricating viscosity and the carboxylate detergent prepared by the
process of Claim I.

(b) neutralizing the resulting alkylated hydroxyaromatic compound with an
alkali metal base to provide an alkalt metal salt of the alkylated

hydroxyaromatic compound;

{c) carbonating the alkali metal salt from step (b) with carbon dioxide thereby

producing an alkylated hydroxyaromatic carboxylic acid alkali metal salt;

(d) acidifying the salt produced in step (¢) with acid to produce the alkylated

hydroxyaromatic carboxylic acid; and

(e) overbasing the alkytated hydroxyaromatic carboxylic acid with lime in the
presence of carbon dioxide thereby producing an overbased allkylated

nydroxyaromatic carboxylate detergent.

]

The carboxylate detergent of Claim 1 wherein the isomerized alpha olefin is a
partially isomerized olefin containing a residual alpha olefin content, wherein
when the percent branching in the partially isomerized alpha olefin is less than or
equal to 25 weight percent, then the residual alpha olefin content in such partially

isomerized alpha olefin is greater than or equal to 8§ wetght percent.



0.A carboyxlate detergent having the following structure: OH 0o Ca (CaCO3) (Ca0f12), wherein R
is an alkyl group derived from an isomerized alpha olefin having from 12 to 30 carbon atoms per
molecule, having 15-98 wt% branching and a residual alpha olefin content of between from 0.1 to 30
wt%; and wherein y and z are independently whole or partial integers. An alkylated hydroxyaromatic
compound prepared by a process comprising alkylating a hydroxyaromatic compound with at least one
normal alpha olefin having from 12 to 30 carbon atoms per molecule that has been isomerized to

obtain an ispmerizegLalpha.olefinihaving, ?-@ﬁimt"{og

. branehino and asesidual alpha piefip content of
between from 0.1 to 30 wt%, thereby producing an y]afe ycProxyaromﬁic co B dhd:
80 wt% branching.

4. The carboxylate detergent of Claim 3 wherein the isomerized alpha olefin has 45-

70 wt% branching.

5. The carboxylate detergent of Claim 3 wherein the isomerized alpha olefin has 50-

60 wt% branching.

6. The carboxylate detergent of Claim | wherein the isomerized alpha olefin is
composed of at least about 23% branching, at least about 9% residual alpha

olefin, and having from 20 to 24 carbon atoms.

7. The carboxylate detergent of Claim 1 wherein the normal alpha olefin mixture

has from 14 to 28 carbon atoms per molecule.

8. The carboxylate detergent of Claim | wherein the normal alpha olefin mixture has

from 18 to 24 carbon atoms per molecule,

9. A lubricating oil composition comprising an oil of lubricating viscosity and the

carboxylate detergent prepared by the process of Claim 1.

10. A carboyxiate detergent having the foliowing structure:

OH

C. _1Ca
Xy 0T T (CaCOs), (CaOHy),

NF

R




wherein R is an alkyl group derived from an isomerized alpha olefin having from
12 to 30 carbon atoms per molecule, having 15-98 wt% branching and a residual
alpha olefin content of between from 0.1 to 30 wt%; and wherein y and z are

independently whole or partial integers.

An alkylated hydroxyaromatic compound prepared by a process comprising
alkylating a hydroxyaromatic compound with at least one normal alpha olefin

having from 12 to 30 carbon atoms per moiecule that has been isomerized to

~ obtain an isomerized alpha olefin having 15-98 wt% branching and a residual

alpha olefin content of between from 0.1 to 30 wt%, thereby producing an

alkylated hydroxyaromatic compound.



