OVERBASED ALKALINE EARTH METAL _
ALKYLHYDROXYBENZOATES HAVING LOW CRUDE SEDIMENT The
present invention relates to a process for the preparation of novel
detergent-dispersant additives for lubricating oil applications for internal 5
combustion engines. In particular, the process of the present invention
provides middle to high TBN detergent-dispersant additives having very
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anti-wear additive and a sole oil-soluble overbased detergent comp%smg
an aromatic carboxylate, such as a calcium salicylate 25 substituted by a

hydrocarbon remaindeBARHERIR (05 THR GDISNEENibes lubricating
compositions comprising, as lubricating agents, polyvalent metal salts, in
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preferably 14 to 18 Carbon atoms i URNGEENG REOPSHIBE-
éﬁ%@i THS dRietannb speiipRasedienastinaedswith other lubricating additives

to provide lubricating oif compositions that exhibit certain desired lubricating
properties.

pre

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

lubricating oils.

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

20  carboxylic acids having 16 to 36 carbon atoms.

25

European Patent Application No. 1,154,012 describes lubricating compositions
comprising an ofl, 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.

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
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* synthesis intermediates. British Patent No. 786,167 describes polyvalent
metal salts of oil-soluble organic acids, such as sulfonic hydrocarbons,

naphthenic acids or alkylhydroxybenzoic acids, in particular alkylsalicylic
acids having an aIkyI radical of up to 22 carbon atoms. The alkylsalicylic

acids can_be prepar msodlum licylic acids accor to the
TR RS R e R S
73&53‘&9e‘s’i$ermmﬁﬁat@$sahcylates described in these British patents

are useful as synthetic intermediates for the preparation of alkaline-earth
alkylsalicylates, which are also useful as additives for lubricating oil. In
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of 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
yield by minimizing the sediment resulting from such processes.

SUMMARY OF THE INVENTION

The present disclosure provides middle to high overbased detergent-dispersant
additives as lubricating ol additives employable in lubricating oil compositions
for the lubrication of mechanical components in land and marine engines, such
as, for example, hydraulic systems, transmissions, two-stroke and four-stroke
vehicular engines, trunk piston and two stroke crosshead marine engines.

Accordingly, the present disclosure relates to a process for the preparation of
novel detergent-dispersant additives having low crude sediment. More
particularly, the present disclosure relates to a process for the preparation of
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2 overbased alkaline earth metal alkylhydroxybenzoates, characterized in
that the crude sediment is less than 3 volume %, preferably less than 2
volume % and more preferably less than 1 volume %. In a first aspect,
there is provided a process for preparing an overbased alkaline earth
metal alkylhydroxybenzoate comprising overbasing an alkaline earth
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four carbon atoms and a solvent selected from the group consisting of

ardmaEH ARG e, ISR AFBEESB JRSPIRBATM N IS RARE]
mlétkizliﬂﬁet@%f@h&aﬁéﬁﬁﬁ?dr@ﬁmzdm&mﬁmw@d\&@fmﬁgsﬁoalkahne

|n Ikallne earth me aI aI rox zoa
géﬂ?%ghae E‘JY: rlsmg a) ng a ?J eno
all@kyhacﬁbbﬁmzm@t@audwaﬁca%mﬁe%béwmhm ua;sed on the fotal -

Carxylatng iR Akl msiahalkApRenain RERINGAISIER eibss of

carbon dioxide so'that at least 50 mole % of the starting alkylphenol _has

beakaliis eatlymetah kavsane el fﬁﬁ@ﬂﬁ%@%ﬁ&%@%ﬁepm@m
alkaibsaata @ﬂéﬂ['Mt%@mﬁﬂ;@bhﬂﬁﬁiﬂﬁ@m@nwmfammwStoms

ARG LSRRG DR e B de o e S AtaS Afagroons
casdiphyic hgﬁ&w@ﬂma@@ba@,teﬁdm:@@d@m& 3

In a second aspect, there is provided a process for preparing an overbased
alkaline earth metal alkylhydroxybenzoate obtained by th_e process
comprising:

a) Reacting alkyiphenol with an alkali metal base fo produce an alkaii
metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a) with
carbon dioxide so that at least 50 mole % of the starting alkylphenol
has been converted to an alkal metal alkylhydroxybenzoate;

¢) Acidifying the alkali metal alkylhydroxybenzoate obtained in step b)
with an agueous solution of a strong acid to produce an
alkylhydroxybenzoic acid;

d) Contacting the alkythydroxybenzoic acid in step ¢) with at least one
carboxylic acid having from about one 1o four carbon atoms;



e) Neutralizing the mixture of alkylhydroxybenzoic acid and the at least
one carboxylic acid from step d) with an alkaline earth metal base and at
least one solvent selected from the group consisting of aromatic
hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures
thereof, to form an alkaline earth metal alkylhydroxybenzoate and at least

one alkaling RRIMEAMALRY 168 RRIMNIE SCikoRlaANE PeRMAFASIEH0e at least
alkaline earth metal alk Ih}eldrox benzoate from steg Ik?éiwnh a rtgcolar
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obtained by the process comprising; a) Reacting alkylphenol with an
alkali metal FERPBVIOAHE $HaWE metal alkylphenate; b)

Carboxylating the alkali metal alkylphenate obtained in step a) with
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in a third aspect, there is provided a process for preparing an overbased
alkaline earth metal alkylhydroxybenzoate obtained by the process
comprising:

a) Reacting alkylpheno! with an alkali metal base {o produce an aikak
metal alkylphenate;

by Carboxylating the alkali metal alkylphenate obtained in step a) with
carbon dioxide so that at least 50 mole % of the starting alkylphenoi
has been converted to an alkal metal alkythydroxybenzoate;

c) Acidifying the alkali metal alkylhydroxybenzoate obtained in step b)
with an agueous solution of a strong acid to produce an
alkythydroxybenzoic acid;

d) Neutralizing the alkylhydroxybenzoic acid from step c) with a molar
excess of an alkaline earth metal base and at least one solvent
selected from the group consisting of aromatic hydrocarbons,



4 aliphatic hydrocarbons; monoalcohols, and mixtures thereof to form an
alkaline earth metal alkylhydroxybenzoate; e) Contacting the alkaline
earth metal alkylhydroxybenzoate and alkaline earth metal base from
step d) with at least one carboxylic acid having from about one to four
carbon atoms in the presence of a solvent selected from the group

consisting o AABIRTIRAXHASRIRO ReorRHRHIR P RINRARE thereof to form

monoalcohols, and mixtures thereof to form a mixture of alkaline earth
metal alkylh§8r8KAIET- B3 ARgtat flkdhyioaRantedish metal

carboxylic acid salt; and f) Overbasing the alkaline earth metal
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metal base and at least one _acidic overbasin#g%ma erial in the presence of
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aliphatic hydroc ongalcahols, and mixtures theregf. The present
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product produced by any one of the processes disclosed above. Further,
the present ARG RIKAIBSRSFRER! (AEPRIAABRK SPEoAISbsition

comprising a major amount of a base oil of lubricating viscosity and a

prepared by TG e e AR P SR e

provided a |6bmddhiagofpeenasssindalkalinprising matnijorsmendratotast one

base oil of lyfgigabnegKssAg HABHR MRS HASBEHEL 8F the at least one alkafine
garth metal carboxylic acid salt from step e) and a solvent selected
from the group consisting of aromatic hydrocarbons, aliphatic

hydrocarbons, monoalcohols, and mixtures thereof.

The present disclosure is also directed to overbased alkaline earth metal
alkylhydroxybenzoates produced by the processes of the present disclosure
described above.

in a fourth aspect, there is provided a product produced by any one of the
processes disclosed above.

Further, the present disclosure also relates to a lubricating oil composition
comprising a major amount of a base oil of lubricating viscosity and a minor
amount of the overbased alkali earth metal alkylhydroxybenzoate prepared by
the processes described above.

In & fifth aspect, there is provided a lubricating oil composition comprising a
major amount of a base oil of lubricating viscosity and a minor amount of
an overbased alkaline earth metal alkylhydroxylbenzoate prepared by the
process comprising overbasing an alkaline earth metal



an overbased alkaline earth metal alkylhydroxylbenzoate prepared by the
process comprising overbasing an alkaline earth metal 5
alkylhydroxybenzoate or a mixture of alkaline earth metal
alkylhydroxybenzoate and up to 50 mole % of alkylphenol, based on the
total mixture of alkylhydroxybenzoate and alkylphenol, with a molar
excess of alkaline earth metal base and carbon dioxide in presence of at

|e?kﬂﬂ?d?@i?@f?&@éﬁcbhé\ﬂﬁgtfﬂﬁéfbﬁ‘{[@ﬁ(mii@lééﬂfpﬁiﬁ%tpms znd a

SO selec rom . tne group.c ISTI al allC rocaroons,
R R ERTEERE AR SIe, T R g TAseEhin the
asmat,mimm’ésquamactrd?ubﬁeamgteiImmizﬁbgrwmpitisiagnalmamess
a”&‘?lémiéﬂr%%&%BHP%@Q%V@?BSWM&WH 'B’réé&?%”&bpétthﬁ‘gast one

overbased alkaline earth metal alkylhydroxybenzoate prepared
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ol Ia?ena{ﬁ obtained in step @) with carbon di o that at least 50
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alkylhydroxybenzoate; c) Acidifying the alkali metal alkylhydroxybenzoate
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an_alky roxybenzoic acid; ontacting the alky|hydragxybenzoic aci
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anﬂr&%@é Igmggn@e_\rboxylic acid from step d) with an alkaline earth

a) Reacting alkylphenol with an alkali metal base to produce an

alkali metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a)
with carbon dioxide so that at least 50 mole % of the starting
alkylpheno! has been converted to an alkali metal
alkylhydroxybenzoate;

¢) Acidifying the alkali metal alkylhydroxybenzoate obtained in step
b) with an agueous solution of a strong acid to produce an
alkylhydroxybenzoic acid;

d) Contacting the alkythydroxybenzoic acid in step c¢) with at least

one carboxylic acid having from about one {o four carbon atoms;
e) Neutralizing the mixture of alkylhydroxybenzoic acid and the at
least one carboxylic acid from step d) with an alkaline earth

metal base and at least one solvent selected from the group
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metal base and at least one solvent selected from the group 5a consisting
of aromatic hydrocarbons, aliphatic hydrocarbons, monoalcohols, and
mixtures thereof, to form an alkaline earth metal alkylhydroxybenzoate
and at least one alkaline earth metal carboxylic acid salt; and f)
Overbasing the alkaline earth metal alkylhydroxybenzoate from step e)
with a molar exesstiral alkatove sy thyoheted tissesaatpdtatedsy e atidics,

overbasing materia& in thF pLesence of th? at le stt one alkaline earth
menoa 8oh?§ an {mxt res heraoﬁ o forL an alkd m?hearth
metal carboxylic acidsalt fromstep €) and a solvent Selected frrom the

group consistieged Bicginatioxydmmaaim asdadip et bydratalmnsarth metal
monoalcohols %nd ixturgs thtereoé. In a seventh aspect, there is
. ar oxylic act salt gl . i
provided a IJBHeRs g oil compaosition comprising a major amount of a
base oil of lubricating viscosity and a minor amount of an overbased

alkaline earth.metal alkylhydr enzoa repared Py the proces
comprisiﬁg: g%"ﬁé%% h?g al eylsgﬁéﬁ% Wi I%%I"]PI ai%%a%g@%?gsg ?g %%085%5’0’“
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from step c) mytirecarbons, aliphatic hydrocarbons, monoalcohols, and

mixtures thereof.

In a seventh aspect, there is provided a lubricating oil compaosition
comprising a major amount of a base oil of lubricating viscosity and a minor
amount of an overbased alkaline earth metal alkylhydroxybenzoate

prepared by the process comprising:

a) Reacting alkylpheno! with an alkali metal base to produce an

alkali metal alkylphenate;

b) Carboxylating the alkali metal alkyiphenate obtained in step aj
with carbon dioxide so that at least 50 mole % of the starting
alkylphenol has been converted o an alkali metal

alkylhydroxybenzoate;

¢} Acidifying the alkali metal alkylhydroxybenzoate obtained in step
b) with an agueous solution of a strong acid {o produce an
alkylhydroxybenzoic acid;

d) Neutralizing the alkylhydroxybenzoic acid from step c) with a
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5b molar excess of an alkaline earth metal base and at least one solvent
selected from the group consisting of aromatic hydrocarbons; aliphatic
hydrocarbons, monoalcohols, and mixtures thereof, to form an alkaline
earth metal alkylhydroxybenzoate; e) Contacting the alkaline earth metal
alkylhydroxybenzoate and alkaline earth metal base from step d) with at
least one canhoirylExaeisk ehangalicimabent b mdts fowsecsborsatens he

the presence of a splvent selected from the group.consisting of aromatic
hydrocarbon%?&l‘?p a ?j%%/%ﬁjoégr%ﬁ% %%%&%B%’gﬁ?ga#aaﬁ%nﬁ?{ S

thereof, to fohydaoraxhopf=ikaiitie mpdtiocadtalnalkyitwdatogyhelszaats
and at least gne, alkaline earth. metal carboxylic acid salt; and f)
Overbasing t’ﬁéx%qﬂ%ﬁneeégﬁﬁ ;['ﬁ(f afP%\I@@Iﬁ)BBgrﬁé?(?/beeaﬁ} Q?g%gm step e)
with a molar &ikgésglobakelirme@rth metal base and at least one acidic

overbasing material in the presence of the at least one alkaline earth

metal carboxylic acid salt from step e€) and a solvent selected from the
group corsistingtatimnihéalkgtinecaabibns)astbp hiktidHyyhtrogdrammnsate and
m°”°a'°°h.°'%@<%ﬂﬁer8' ISRl %%”&géhﬁy%%% 1‘Qet%ﬁée”t
disclosure is based on the surprising " discovery that middle 1o hig
overbased altadivecelarthanetalviat oy eixylhenm atds wbtairmed atoms in
overbasing ?ﬁ% e.ear | I] enzoate or a mixture.of
alkaline car SO G s eR SRS ES BRARSiRG o
alkylphenol iartragtiesentreabeast afipredibdwyliveaid drayingoioaicohols,
about one and mixtures thereof, to farm a mixture of alkaline earth metal
alkylhydroxybenzoate and at least one alkaline earth metal

carboxylic acid salt; and

f) Overbasing the alkaline earth metal alkylhydroxybenzoate from
step e) with a molar excess of alkaline earth metal base and at
least one acidic overbasing material in the presence of the at
least one alkaline earth metal carboxylic acid salt from step e)
and a solvent selected from the group consisting of aromatic
hydrocarbons, aliphatic hydrocarbons, monoalcohols, and

mixtures thereof.

Among other factors, the present disclosure is based on the surprising
discovery that middle to high overbased alkaline earth metal
alkylhydroxylbenzoates obtained by overbasing an alkaline earth metal
alkythydroxybenzoate or a mixture of alkaline earth metal
alkylhydroxybenzoate and up to 50 mole % of alkylphenol in the presence of
least one carboxylic acid having from about one
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5c to four carbon atoms and certain solvents lead to a very low amounts

of crude sediments compared to a process without the use of the

carboxylic acid. The detergent-dispersant additives prepared by the
process of the present invention have improved low temperature viscosity
and are effective for the lubrication of mechanical components in land

and marine engines, such as for example, hydraulic systems,
trarieritisszatspvaicstre kadnarfairssivsitdsiebid idea earyites amaokipistanmude

and AR ke FHRSEE 79l ANAHBESWARGS {Heoééfii%’f*?ﬁe%boxyléc acid. The

detergent-dispersant additives of the present disclosure are useful in _
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aspect, there is provided a'method of improvi € low
combustion engine with a lubricating oil compaosition comprising a major
amount of a base oil of lubricating viscosity and a minor amount of an
overbased alkaline earth metal alkylhydroxylbenzoate prepared by the
process comprising overbasing an alkaline earth metai
alkylhydroxybenzoate or a mixture of alkaline earth metal
alkylhydroxybenzoate and up to 50 mole % of alkylphenol, based on the
total mixture of alkyihydroxybenzoate and alkylphenol, with a molar excess
of alkaline earth metal base and carbon dioxide in presence of at ieast one
carboxylic acid having from one to four carbon atoms and a solvent
selected from the group consisting of aromatic hydrocarbons, aliphatic

hydrocarbons, monoaicohols and mixtures thereof.

In a ninth aspect, there is provided a method of improving the low
temperature pumpability of a lubricating oil composition in an internal

combustion engine, said method comprising operating the internal



temperature pumpability of a lubricating oil compaosition in an internal
combustion engine, said method comprising operating the internal 6
combustion engine with a lubricating oil composition comprising
comprising a major amount of a base oil of lubricating viscosity and a
minor amount of an overbased alkaline earth metal alkylhydroxybenzoate
prepared by the process comprising: a) Reacting alkylphenol with an
alkali metal base to, I%Oduce z?n alkali melgal alkylphenate; b

CafSEROEH  ROSE he & AR ABHRHAE SRERASE ANt Ry 'SiHg comprising
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een converted to an alkali metal a oxybenzoate; ¢) Acidifying the
et Yo R e Y e S e T
solutiotegkacstrgrisiagid to produce an alkylhydroxybenzoic acid; d)

Contacting the alkylhydroxybenzoic acid in step c) with at least one
carboxylic acid having from about one to four carbon atom e) Neutralizing

the mixturé)ofReRphyd@ikyhero Wikl ama kel seiabbane apotyes an
acid from Ste%@a\’;"%?ﬁ?\ gllkgll}g@eﬂgfg} metal base and at least one

solvent selected from the gr consisting of aromatic hydrocarbons,
aliphatic hydrocarbons, monoalcohols, and mixtures thereof, to form an

alkaline eq;}hcfg&%t@kg?\gg{ﬁ_@; ﬂﬁ%ﬂ?ﬁﬁ%ﬂé{&l Wﬁ%@%&é’%@"@&‘% e 5)

metal carboxylic aci Overbasing the Ine earth metal

alkylhydroxybetizsaenprdicates spiinat @herit Slbawefamrbiie darting
metal base andinhenol has been converted to an alkali metal

alkylhydroxybenzoate;

c) Acidifying the alkali metal alkylhydroxybenzoate obtained in step
b} with an aqueous solution of a strong acid to produce an

alkylhydroxybenzoic acid;

d) Contacting the alkylhydroxybenzoic acid in step ¢} with at least

one carboxylic acid having from about one to four carbon atom

e) Neutralizing the mixture of alkylhydroxybenzoic acid and the at
least one carboxylic acid from step d) with an alkaline earth
metal base and at least one solvent selected from the group
consisting of aromatic hydrocarbons, aliphatic hydrocarbons,
monoaicohols, and mixtures thereof, to form an alkaline earth
metal alkylhydroxybenzoate and at least one alkaline earth metal

carboxylic acid salt; and

f) Overbasing the alkaiine earth metal alkylhydroxybenzoate from

step e) with a molar excess of alkaline earth metal base and at

Ba



6a least one acidic overbasing material in the presence of the at least one
alkaline earth metal carboxylic acid salt from step €) and a solvent
selected from the group consisting of aromatic hydrocarbons, aliphatic
hydrocarbons, monoalcohols and mixtures thereof. In a tenth aspect,
there is provided a method of improving the low temperature pumpability.

of a 'ubricatin%g@ﬁ@%@&é%@&é@ﬁwb@mPyﬁi@pﬁf@g%éaﬁhe at

method comprising operating the internal combustion engine with a
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alkylphenate; Q)& aEhopmdating the alkali metal alkylphenate obtained in
step a) with carbon dioxide so that at least 50 mole % of the starting
alkylphenol has been converted to an alkali metal alkylhydroxybenzoate;
c) Acidifginth thspalkalitraatakalkylhydtbaybetizodtef dibtaioeitgntistelovid)
with an aﬁc}u ous soluti(??n .?f %(Istﬁ) .ac'%d to produce ar:g< i an internal
alky YRR SR UIE R T N BB B & A RS BFESB Eh 20 ERige
frommstdus)iaviterayineglaniexerstiod anmikdding eqrthatietalHeabeeand] at

Ieast(@? Sﬁlvent select frqu tpe {i![]ougﬂconsistin@k())rf1 %ronrpa},tiscm a maior
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thewrabuatfofm basakaliobielaritatietaliscosity and a minor amount of an
overbased alkaline earth metal alkylhydroxybenzoate prepared by the

process comprising:

a) Reacting alkylphenol with an alkali metal base to produce an

alkali metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a)
with carbon dioxide so that at least 50 mole % of the starting
alkyiphenol has been converted to an afkali metal

alkylhydroxybenzoate,

¢) Acidifying the alkali metal alkylhydroxybenzoate obtained in step
b} with an agueous solution of a strong acid to produce an

alkylhydroxybenzoic acid;

d) Neutralizing the alkylhydroxybenzoic acid from step ¢) with a
molar excess of an alkaline earth metai base and at least one
solvent selected from the group consisting of aromatic
hydrocarbons, aliphatic hydrocarbons, monoaicohois, and

mixtures thereof, to form an alkaline earth metal
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6b a Ikyl hyd roxybenzoate; e) Contacting the alkaline earth metal
alkylhydroxybenzoate and alkaline earth metal base from step d) with at
least one carboxylic acid having from about one to four carbon atoms in
the presence of a solvent selected from the group consisting of aromatic
hydrocarbons, RPH tic drocar?ons monoalcohols, and mixtures
thereof, to fo ?ié)%?%?aﬂ fie earth metal alkylhydroxybenzoate
and at least one alkaline earth metal carboxylic acid salt; and f)

Overbasing t aline tal alk ben oaefro ste e)
it & o) S BEPF L ABU PR BEE B e A en
overbasing malieximld mmm@ehbem frenakteash avithatkidiast emh
metal carboxylic acid salt fr mstegfg cga solven lected fro

group consisti Oﬁ?p%%?l (Wo%%r 30 a oms in
monoalcoholsmﬂrﬁﬁéﬁueesftla&rem’biﬂE@l@ﬁi&ﬁ)fﬁﬁsmﬁ@'ﬁl@l\b@%@h@ of
INVENTION Prior t ssing,the nt inven |on |nbdeta|I the hol
following terr R APHEVS T RS RO 8 ERLo ek et
to the contrargnBefixitivas thbetd o' ‘hikalmmom}reréﬁﬁdahhemaﬁ metai
refers to lithiu potassium. T term "alk earth metal

refers to Ca|CIW§¥l¢J%9?ﬁQ§H§§?U%Pgnz ?%Th R g‘%ﬁ? TR alkyr‘x‘taI
refers to bothctrbigtyicadidsaithattichain alkyl groups. 6¢

f)y Overbasing the alkaline earth metal alkylhydroxybenzoate from
step e) with a molar excess of alkaline earth metal base and at
least one acidic overbasing material in the presence of the at
least one alkaline earth metal carboxylic acid salt from step e)
and a solvent selected from the group consisting of aromatic
hydrocarbons, aliphatic hydrocarbons, monoalcohols and

mixtures thereof.

DETAILED DESCRIPTION OF THE INVENTION

Prior to discussing the present invention in detail, the following terms will have
the following meanings unless expressly stated to the contrary.

Definitions

The term "alkali metal" or "alkaiine metal" refers to fithium, sodium or
potassium.

The term "alkaline earth metal" refers to calcium, barium, magnesium and
strontium.

The term "alky!” refers to both straight- and branched-chain alkyl groups.
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The term "alkylphenate” means a metal salt of an alkylphenol. The term
"alkylphenol" means a phenol having one or more alkyl substituents,
wherein at least one of the alkyl substituents has a sufficient number of
carbon atoms to impart oil solubility to the phenol. 6d The term "aryl
" |s asu ted or non-substituted aromatic such as the
o B B Er 0 S Al SR TR “cateium
base refers to a calcium hydroxide, calcium oxide, calcium alkoxides,

anorﬂéqé#ﬁ **am?x;@wéﬁaieﬁqﬁh?@@f ﬁeﬂa@rtgom wgﬁﬁn@bé”a{w%enuems
alk or alken ou'ﬁJ er rocarb heno fers to a phenol
B B ﬁﬁ@@ﬁﬂ%&ﬁ SHGERE ea s iest HEReR L carbon
sufamenﬂ; o mipErbbiarbloabildyoimsHe p‘npar:t[on solubility to the phenol.
The term "lime" refers to calcium hydroxide, also known as slaked lime or
10 hydrated lime. The term "metal” means alkali metals, alkaline earth
metals, or mixtures thereof. The term "metal base" refers to a metal
hydroxide, metal oxide, metal alkoxides and the like and mixtures thereof,
wherein the metal is selected from the group 15 consisting of lithium,
sodium, potassium, magnesium, calcium, strontium, barium or mixtures
thereof. The term "overbased" refers to a class of metal salts or
complexes. These materials have also been referred to as "basic”,
"superbased”, "hyperbased”, "complexes”, "metal complexes”,
"high-metal containing salts", and the like. 20 Overbased products are
metal salts or complexes characterized by a metal content in excess of
that which would be present according to the stoichiometry of the metal
and the particular acidic organic compound reacted with the metal,
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e.g., a carboxylic acid. The term "phenate" means a metal salt of a

phenol. 25 The term "Total Base Number" or "TBN" refers to the

equivalent number of 7 milligrams of KOH needed to neutralize 1 gram of

a product. Therefore, a high TBN reflects strongly overbased products

and, as a result, a higher base reserve for neutralizing acids. The TBN of

a proa@deranasy aeephine s Wystiigad/os trdant titute 8esratiequivaientich

ProGRAUEHRRYE RS zﬁ!@ﬂ%#@{%%@@%@%ﬁéﬂ@benzoate The

overbased alkaline earth metal alkylhydroxybenzoate of the present
invention will typically have a structure as shown below as Formula (I). 10

HO H® femo'calcdim bese referminas @glaiswihgdsikiescalbhearoadphatideium
grouuianshaARNAC SrayRRLASWYERCf linear and branched

aliphatic groups. Preferably, R is an alkyl or alkenyl group. More
preferably, R is an alkyl group. 20 M is an alkaline earth metal selected of
dhe Greusrooriystieegotdanrans aadliyl, anateeyigrgugrontium. Calcium
and magnesium are the preferred alkaline earth metal. Calcium is more

preferred. When,R is a linear aliphatic group, the linear alkyl group

typiffgﬁy%%npnpﬂgégcfég ?’rloor?ﬂea O(l)u'ie%r?o 48 EQW&%E&%P & IElr%’%rably

fronmeiooartlieubsitueptratdeastione of which has sufficient number of carbon
~atoms to impart oil solubility to the phenol.

The term “lime” refers to calcium hydroxide, also known as slaked lime or
10 hydrated lime.

The term "metal” means alkali metals, alkaline earth metals, or mixtures
thereof.

The term “metal base” refers to a metal hydroxide, metal oxide, metal alkoxides
and the like and mixtures thereof, wherein the metal is selected from the group
15 consisting of lithium, sodium, potassium, fnagnesium, calcium, strontium,
barium or mixtures thereof.

The term "overbased” refers to a class of metal salts or complexes. These
materials have also been referred to as "basic”, "superbased", "hyperbased”,
"complexes”, "metal complexes”, "high-metal containing salts”, and the like.

20 Overbased products are metal salts or complexes characterized by a metal
content in excess of that which would be present according to the stoichiometry
of the metal and the particular acidic organic compound reacted with the metal,
e.g., a carboxylic acid.

- The term "phenate” means a metal salt of a phenot.

25 The term "Total Base Number" or "TBN" refers to the equivalent number of

7



8 When R is a branched aliphatic group, the branched alkyl group typically
comprises at least 9 carbon atoms, preferably from about 9 to 40 carbon

atoms, more preferably from about 9 to 24 carbon atoms and most

preferably from about 10 to 18 carbon atoms. Such branched aliphatic

groups are 5 preferably derived from an oligomer of propylene or butene.

R canmiligiaejsy e nestecbiommdealise draraned allphdicigrbogrefore, a high
Preferghly rdid6RIess %Mﬁ@@y&&ﬂﬁ@m99@@@%}‘@%;)@@9%@

to 30 carbon atoms and branched alkyl containing about 12 carbon
atom< ST R BYEHHRE RS mbErL B QfhRiRIY R GB., R ietermined by
alkalifssehr thtanekald dlky hgdeexybenziomantigrentoyred in the present
invention may contain a mixture of linear groups, a mixture of branched
groups, or a mixture of linear and branched groups. Thus, R can be a
mixture of linear aliphatic groups, 15 preferably alkyl; for example, an alkyl
group selected frapnghegedurieinesinth MGl ALty &Gdkybdimoate
C16-C20, C20-C22, C20-C24 and C20-C28 alkyl and mixtures thereof

and derived from normal alpha olefins. Advantageously, these mixtures
includéhgt frasiammalalioe meférasiabadlmbirdvenbamgdaioapthamdesent
origingiipg deariing pRUM erzates Rl eIy IR0 ensi bardlkalina.sata ().
metal alkylhydroxybenzoates of the present invention wherein R

reépresents a mixture of alkyl groups, can be prepared from linear alpha
olefin cuts, such as thbse marketed by Chevron Phillips Chemiesl
Company under the jnames gormal Alpha Olefin C26-iﬁ26 or Ngrmal -

Alpha Olefin 25 C 24, by} British Petroleum under fhe name.C20 C26
Olefin, by Shell ndeir the name SHOP C20-Cp2, '

i
these cuts or ol fir@ Ese-coMmparies-had
carbon atoms. \ <

R R

Formula (I
15
wherein R is a linear aliphatic group, branched aliphatic group or a mixture of
linear and branched aliphatic groups. Preferably, R is an alkyl or alkenyl group.
More preferably, R is an alkyl group.

20 Mis an alkaline earth metal selected of the group consisting of calcium,
barium, magnesium, strontium. Calcium and magnesium are the preferred
alkaline earth metal. Calcium is more preferred.

When R is a linear aliphatic group, the linear alkyl group typically comprises
25  from about 12 to 40 carbon atoms, more pre_férably from about 18 to 30 carbon
atoms.




The -COOM group of Formula (1) can be in the ortho, meta or para
position 30 with respect to the hydroxyl group. The alkaline earth metal
alkylhydroxybenzoates of the present invention can be any mixture of
alkaline-earth metal alkylhydroxybenzoic acid having the 9 COOM group
in the ortho, meta or para position. The alkaline earth metal
alkyWraoky eh Roatebest et amunydmibraaabedenieradipspltipicayoil

as charasieezed BYshe Ealiewrinadest: Rrdidmini iRl aRRR MNewmbgdilignt
oil an? the alglrg#ﬁx%e%zoate at a _content of 10 wt % with respect to
Bt RIERRM

the tBt3I\ey TARR RS Rt SRTRBAINRS RS SIBRErafRTably
for 3bamimbtad, thdocéd wityatiatohainguohrbisth oeidunipeatiegeonsitaas

SR e EBYRIS ASTMRRZIA (i be dgnted hat

centrifugation is carried out w . without adjoﬁhg solvent);
immediately after centrifugation, the volume of the deposit which forms is

deterniardidbthe prasi i&%ﬁ%%ﬂ%&%‘%@%ﬂ%%ﬁi@?&ﬁe@“
with eS{)ecﬁto gle volume of the mixture), theaﬁ&)duct is considered as

solublE 1R B!Y1 5 ARRERER SUBRFiROF BRe BF eV krghtaling {eum ahauid to
eartt8énestedoal kidhysleody bemzbete akgheoptebimng Bb@tithdsrpeepdestian
41850, preferably from about 250 to 450 and more preferably from about

300 to 400 and will generally have less than 3 volume %, preferably less
than¥W R preaRttRe mbvurprefaliibigtie ssames thaalkalirgs erdbianetal

sedigrphydes e ruera crvahRsfeakain 888k IRGERton may contain a
alkyslgréy%[f(’)réybj,nzoate of the present invention, the TBN is from about 100

to 2 SHANGAT SRt THEUES £357RGAEM BRRT Ry HE e offiagar
1 vokmdefanqirefegadipseIhtisar Can\mlumeiducs wildnear aliphatic groups,

15 preferably alkyl; for example, an alkyl group selected from the group consisting
_of C14-C16, C16-C1s, C18-Cap, C20-C22, C20-Caq @and Cuo-Cog alkyl and mixtures
thereof and derived from normal alpha olefins, Advantageously, these mixtures
include at least 95 mole %, preferably 98 mole % of alkyl groups and
originating from the polymerization of ethylene.

20
The alkaline earth metal alkylhydroxybenzoates of the present invention
wherein R represents a mixture of alky! groups, can be prepared from linear
alpha olefin cuts, such as those marketed by Chevron Phillips Chemical
Company under the names Normal Alpha Olefin C25.Cos or Normal Aipha Olefin

25  C20-Cas, by British Petroleum under the name C0.Cos Olefin, by Shell Chimie
under the name SHOP C20-C22, or mixtures of these cuts or olefins from
these companies having from about 20 o 28 carbon atoms.

The —COOM group of Formula (1) can be in the ortho, meta or para position
30 with respect to the hydroxyl group.

The alkaline earth metal alkylhydroxybenzoates of the present invention can be

any mixture of alkaline-earth metal alkylhydroxybenzoic acid having the —
9



sediment. 25 Process In the first embodiment of the present invention,
the process for preparing the overbased alkaline earth metal
alkylhydroxybenzoate involves overbasing the alkaline earth metal
alkylhydroxylbenzoate or a mixture of alkaline earth metal
alkylhydroxylbenzoate and up to 50 mole % of alkylphenol, based on the

- total It greuwy mlkydwdrexyherzoateansballiyihenol, with a molar
excess of alkaline earth metal base and at least one acidic overbasing
-material in 10 presence of at least one carboxylic acid having from one to
four cafsorialtesaahdve o el yelatdebivroe e drberpoessitimegotion are
aromalis ByRliPSaRRR AIRDEHS ARSI P RARRAIRPRRS, and
mixtures thereof. Overbasing of the alkaline earth metal
aﬁ<y|hydroxybenzoate or mixture of 5 alkaline earth metal

a|kylhydmmaenzeaaemdmi&yhnhmmldnaycbmwﬁdmbMme
PSSR S Bl 12 RO a5 ARS8 ugea

metal roxy enzoa es wever It sur
d|scoxﬁé@éﬁmaem@r@d@fiﬁ&%aactfnaﬂ@Uanutysofd@icame‘agabwyhbmwwned

this step M?ﬁﬁ?éo%tﬂh@etgﬁﬁ‘ﬂﬂé%fﬁ%'&%ﬂ@&rﬁqﬁm @J‘ﬁ*@ﬂﬁéﬂ&td be
The

step by a 10 factor of at least CI-C4 carboxylic acids used In

TGt e VRIGRTB i iosing oHL B AUl pHspiore \a@wuaﬁedmg
butyrusao@;twmnhan@meaﬂ@@@mgmi@n mmu&uﬂ;ﬁésowuﬂ%@@@st@wﬁ@h
mixturgs of such, acids r exam l rm| acid:acetic ina

ratio o‘%ormlc Acid: ce?ggf& %;%Por% S t}LaT $08§5 V%Pé?&gﬁ@

from arﬂﬁmai,t.wtlhtteapﬁ,chtowgm‘emblpfftbmrmbmmp.61& mmtmn:t srbnsidgred as
preferablymb i 1. Generally, the overbasing reaction is carried out in a

reactor in the presence of alkylhydroxybenzoic acid from about 10 wt %
6970 wt %, alkylphenol from

Advantageously, the TBN of the high overbased alkaline earth metal
alkythydroxybenzoate of the present invention is greater than 250, preferably
from about 250 to 450 and more preferably from about 300 to 400 and will

generally have less than 3 volume %, preferably less than 2 volume % and

20 more preferably less than 1 volume % crude sediment. For the middle
overbased alkaline earth metal alkylhydroxybenzoate of the present invention,'
the TBN is from about 100 to 250, preferably from about 140 to 230 and will

- generally have less than 1 volume %, preferably less than 0.5 volume % crude
sediment. |

25 Process

in the first embodiment of the present invention, the process for preparing ihe
overbased alkaline earth metal alkylhydroxybenzoate involves overbasing the
alkaline earth metal alkylhydroxylbenzoate or a mixture of alkaline earth metal
atkylhydroxylbenzoate and up to 50 mole % of alkylphenol, based on the total
30 mixture of alkylhydroxybenzoate and alkylphenol, with a molar excess of
alkaline earth metal base and at least one acidic overbasing material in

10




about | wt % to 30 wt %, diluent oil from about O wt % to 40 wt %, an
aromatic 20 solvent from about 20 wt % to 60 wt %. The reaction mixture

is agitated. The alkaline earth metal associated with an aromatic solvent,

a monoalcohol and carbon dioxide are added to the reaction while
maintaining the temperature between about 20C and 80C. The degree of
oveasargenzd\able asirinelealbyxtiie quantisyiotithreralkatine f3brearthon atoms

DI P 2 el
ancs A R RO IREEAS B B R e oons,
weighphatisdhyenemieons Useaqrieehalopig Bidustskbanaefe and CO2)

will correspond to the following weight ratios: 11 Xylene:slaked lime from
abo A0, 7oA 0r t_ 2. 1. Methanol:slaked lim
G L i IR T e et
Yioddeinaearirei sl s spaie g alkyinhenc! merdalsgrried out

fronp playieehddRdoQid by & belrdorrsianeylia BrdallypxioxyheRadiSed
acid a molar ratio from about 0.02:1 to 1.5:1, preferably from about 0.1:1
to 021D T3 TR AY BYUTRR 7R, e YehdLpesPRRRsUPrismaly

mettimoolexgtetnat drela@GiiRisohtr eohsieduevtitadgietiod alatbuylid@adid at this
hougs, r nd.p5C. The quantity of
Iime%"l%hgé%@g?gg‘dgjuste%%%(?r%)egrﬁg%tg%&%%ﬁgtg eg\?e&-rgg(s)egr r?ig({)e‘%igpp by a
1qrefedrzdphle@eirdde sediment in the range of 0.4 to 3 volume %, 15
preferably in the range of 0.6 to 1.8 volume %, without any deterioration of

ST e S Y Y A e,
with@sfitls @didcaropionic acid, and butyric acid, which may be used alone or in
mixture. It is preferable to use mixtures of such acids as, for exampie, formic
acid:acetic acid, in a molar ratio of formic acid:acetic acid of from about 0.1:1 to
15 100:1, preferably from about 0.5:1 to 4:1, more preferably from about 0.5:1 to

2:1, and most preferably about 1:1.

Generally, the overbasing reaction is carried out in a reactor in the presence of
alkylhydroxybenzoic acid from about 10 wt % to 70 wt %, alkylpheno! from
about 1 wt % to 30 wt %, diluent oil from about 0 wt % to 40 wt %, an aromatic

20  solvent from about 20 wt % to 60 wt %. The reaction mixture is agitated. The
alkaline earth metal associated with an aromatic solvent, a monoalcohol and
carbon dioxide are added to the reaction while maintaining the temperature
between about 20°C and 80°C.

| The degree of overbasing may be controlied by the quantity of the alkaline
25  earth metal, 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 CO;)
will correspond to the following weight ratios:

11



carboxylic acid will range from about 4 to 8 volume %. Fora middle
overbased material (TBN from about 100 to 250), the quantity of 20 lime
and CO2 are adjusted in order to obtain a crude sediment in the range of
0.2 to 1 volume %. The crude sediment without the use of C1-C4
carboxylic acid will range from about 0.8 to 3 volume %. In a second
embodiment of the present invention, the overbased alkaline earth metal

aIkthydroxybgn;QT% may, g W@ﬂﬁﬁg the.fallowing.steps:
Formation of the Al g‘l 'I\/Ietlgi% Base A yIgﬁgﬁggé%'lﬁ%?ﬁig%%%?)@ﬂom about
alkylphenols are %Fét}ﬁéli_ied using an alkali metal base preferably in the

presence of asligitstRbrRiNsI6KED RS datupnansvienesspmers, Jalterably from

alkylbenzene or the like, 1o form the alkali metal base alkylphenate. In one
1g<embodiment, é’%oﬁv‘é‘ Tnés@

ﬂt n azeotrope with water. In another
embodiment, theGalbentingigalsalee dimofioraleshalksustioasbout 0.5:1 to 1.3:1,

2-ethylhexanol. .&S}é%?aﬁi?'ﬁom%ﬁﬁ%&'bﬁ%&%“ﬂbi _eliminated by

distillation before carboxylation. The objective with the solvent is to.

facilitate the elimfrafre B3P itacHittdebaNEREsdRaydantalie from

up to 100 wt % lingautydmeatdylsoropRsesbRPHAR ¥EdG Branched.7:1.
hydrocarbyl groups, or both linear and branched hydrocarbyl groups.

Preferably, the linear hydrocarbyl group, if present, is alkyl, and the linear
alkyl st MHEREER S HBYUL 2236 APEarpshEDCAiMSs Medhencl, xylene, and

preferglly i gl 306AsRT 31RMT 1dREHBIRECAES dhPRsaIRYbetween
group, !Bf) r?%&#g IS grefgrably alkyl and contains at least 9 carbon atoms,
preferﬁ ?8’? BBE9 (540 carbon atoms, more preferably from about 9

to 24 carbon atoms and most preferably from about 10 to 18 carbon

atomsrig guardmhadime BhdredlutosaiMbRNARRIR PR MRLIRIER YWetBased

of 15 Imear_hP/{jTrgcarbé/I [E)henol (preferably at least 35 wt % linear

hydrogé?ﬁﬂa N > 250} and crude sediment in the range of 0.4 to 3 volume %,

15 preferably in the range of 0.6 to 1.8 volume %, without any deterioration of the
performance. With the omission of C4-C4 carboxylic acid, it is not able to reach
this low level of crude sediment. Typically, crude sediment without a C4-Cy

carboxylic acid will range from about 4 to 8 volume %.

For a middle overbased material (TBN from about 100 to 250), the quantity of

20 lime and CO; are adjusted in order to obtain a crude sediment in the range of
0.2 to 1 volume %. The crude sediment without the use of C4-C, carboxylic
acid will range from about 0.8 to 3 volume %.

In a second embodiment of the present invention, the overbased alkaline earth
metal alkylhydroxybenzoate may be prepared by the following steps:

25 A. Formation of the Alkali Metal Base Alkylphenate:

In the first step, alkylphenols are neutralized using an alkali metal base
preferably in the presence of a light solvent, such as toluene, xylene isomers,

light atkylbenzene or the like, to form the alkali metal base alkylphenate. In one
12




phenol) in mixture with at least 15 wt % of branched hydrocarbyl phenol.

In one embodiment, the hydrocarbyl phenols are 100 % linear

alkyiphenols. The use of an alkylphenol containing up to at least 35 wt %

of long linear alkylphenol (from about 18 to 30 carbon atoms) is

particularly attractive 20 because a long linear alkyl chain promotes the
compeatibdidireed, soduinlitgraffdimescatd dixersiople vitatiageoils &rethened
alkyighanoliean RrCIREach Y @@8‘&?&&%%0&'0%& gl}%ﬁ?gg%gthyll?exanoi.
olefin, generally originating fron7 propylene. They consist of a mixture o
mond%ﬂ'b@tﬁ@?@d"i%%@r@?@)’ ghehisehpingtes P distitalisaeéore being
in the:payexpasEioNt e BbfemhReinthithENSoRENR iBASI HRKKARMHRA MR REYOR of
tge m“(?at]?eposition. On the other hand, linear alkylphenols can be obtained -
by reaction of phenol with a linear olefin, generally originating from
ethylene. They consist of a 13 mixture of monosubstituted isomers in

wh-icrrmt@m@_@éﬂw %ﬁémgrna&?y&oﬁmﬁtﬁ?qgt?dg %l?’/f?ﬂﬁ\é’aml?@ﬁ‘o@é\@yi
ara positons 1 mare unitorm IStrinu . course, linear
glkyl;gﬁ%%?s ‘%Ra?néléﬁtﬂfn éﬁ!ﬁ'&hﬁﬁi%xgmgwﬁ%%b%ﬁ%ﬂ@w iend
increage_mﬂmf mqampgm&mstems}p,rw,eSimwlm‘gcmayr igRyepsit ‘
the reative reactidiy éﬂWﬂ{g%ﬁélé?léthi)%%%\et tiﬁg ARLISIA DD carbon

that can be used for carryln%pout this st e oxides or

Waratpies sratainrafasabivifes: peeasditie 39 sashsre mtamenibedimsested

potasgjdrodayBypyidedsipprécardidprRAGRS RIRIRHERE BMBRAIMEBLst 9 carbon
sodium rli}(droxfe |§i§)referred. 0.An objective of this step is to have an

alkyl iRl SR LB ahPb Bd b AR A S XL R RFeIRTaE Y fram
and rabmeiRdiepdtpdess demsSH0pposofrefateblyritbis abgard ptie 3 starbon

step ixGALISH O BhabiemRs AR ENRUEBH ols contain up to 85 wt % of

15 . linear hydrocarbyl phenol (preferably at least 35 wt % linear hydrocarbyl
phenol) in mixture with at least 15 wt % of branched hydrocarbyl phenol. in one
embodiment, the hydrocarbyi phenols are 100 % linear alkylphenaols.

The use of an alkylphenol containing up to at least 35 wt % of long finear
alkytphenol (from about 18 to 30 carbon atoms) is particularly attractive

‘20 because a long linear alkyl chain promotes the compatibility and solubility of
the additives in lubricating oils.

Branched alkylphenols can be obtained by reaction of phenol with a branched
olefin, generaily originating from propylene.

They consist of a mixture of monosubstituted isomers, the great majority of the
25  substituents being in the para position, very few being in the ortho position, and
hardly any in the meta position.

On the other hand, linear alkylphenols can be obtained by reaction of phenaol

with a linear olefin, generally originating from ethylene. They consist of a

13



eliminate water. In one embodiment, the product is put under a slight
vacuum 15 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 130C and 155C, under an absolute pressure of 800
mbar (8 x 104 Pa). In another embodiment, 2-ethylhexanol is used as
solvenixibsstberboring psinite2QainZeathy Weiantld badsorim signifieantiky!

hiher MaRYRNG (005 (eastinde-condugied al a lemperatiie. o,
at leas . The pressure Is reduced gradually below atmospheric in

ordedistidonigsiefefwrurasstinemsraty vhenore actp soPi@ifesiinlisthstituents with
PressidiadraAEsRE 1Re MereadBamELmBant 6pohPs KakitaeR% and,

roviding, that operations are carried out at a suffimenétflf/ hlgh temperature
d HRSCHRDreaY RGP BSE B RN ERRRIb Y IaYRES HERinetal bases.

atmospheric, the formation of the alkali metal base alkylphenate is carried

out WithouikEmidansssbioRsid-asol 68 RS ISR AT RN RS Wit i the

water formed during this reaction. For instance, témperature is heated up
to 200C95RPTAYH IS QL dihHuTR RafliBrg RRIGERY e lbWP RistsEskric.
Preferalblydinecptepstussisny Bdaenetioinpraterecthan ZRomeab & idB Pa).

5 EIi;gsjﬁgéiﬁﬁhgéw]gé%rﬂ%qﬁq?&y r}% §r€"ije0de(21.at least. 1 hour, preferably

at le € quarntities o geen{é used should correspond to

the following molar ratios: 10 a alkali metal base:alkylphenol from about
105: 140 dbistiivsefenablyteliostabaue $hkitp kit asahwrisalindpheomd ppm,

WENR AP R drbi 1800 bR AR R s rar&iRl; Bk S %do ppm of

water.

In this regard, the first step is carried out at a temperature high enough to
eliminate water. in one embodiment, the product is put under a slight vacuum

15 in order fo 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 x 10° Pa).

In another embodiment, 2-ethylhexano! is used as solvent. As the boiling point
20 of 2-ethylhexanol (184°C) is significantly higher than xylene {(140°C), the
reaction is conducted at a temperature of at least 150°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 x 10° Pa).

25 By providing that operations are carried out at a sufficiently high temperature
and that the pressure in the reactor is reduced gradtjaify below atmospheric,

the formation of the alkali metal base alkylphenate is carried out without the
14



B. Carboxylation: 15 This carboxylation step is conducted by simply
bubbling carbon dioxide (CO2) into the reaction medium originating from
the preceding neutralization step and is continued until at least 50 mole %
of the starting alkylphenol has been converted to alkylhydroxybenzoic
acid (measured as hydroxybenzoic acid by potentiometric determination).

20 AldeashARdR\eihe el alind gm&?{‘b@@im%% 5‘1%! RN &P during

B
mole %, of the starting alkylphenol is converted to alky %oxylbenzoate
usinf EtRficRIdn D tenisEIRRIAL FR hBBRAtEB oRt e 408 snenddben the
underespres ssireduitiytheuangscaiiramalHE i FesRiesly tRelprbssure is
(15 x 105 P, referably fram 1 bar (1 x,195 Pa) to 5 bar (5 x 105 Pa),
forang%gﬁdgétﬁ%@loé%%ﬁf@n@b% @ﬁéérs?ﬁ?'one variant with

potassium salt, temperature is preferably between about 125C and 165C

snd Eneimpiefesallytbeveste1RRE Rperbacst anshite HEURBRILFSUS at least
fro ahbout atmospheric to 15 bar (15 x 105 Pa), preferably from about

atmosp%lérrsli: to 4 bar (4 x 105 Pa). In another variant with sodium salt,
temperature is directionally lower preferably between from about 110C

and & Guidatie P ieadiv & ureahdull 86rraBoRdlidQheaBioiiRg molar
pressure from about 1 bar to 20 bar (1 x 105 to 20 x 105 Pa), preferably

from 3 B&r to 15 bar (3 x 105 to 15 x 105 Pa). The carboxylation is usually

carried out, diluted in a solvent such as hydrocarbons or alkylate, e.g.,

enzene, tolpe ) ngyli | ight, ratjo
1Qolvent:hydroxy%t?éﬁgéi%@%%gg gyc?&é g@%ﬁ@?ﬁﬂ;g%‘iﬁeﬁgy frgiiﬁferabiy
about 0.3:1 to IeMehgHPiAalahO%id solvent is used. In this case,
carboxylation issepiaeiRApHEHS AERFeoEBbue 0l 1 1B 8riesAgaL8Id from

2100 viscous Marerial 5.1 1o 3:1

B. Carboxylation:

15 This carboxylation step is conducted by simply bubbling carbon dioxide {CO,)
into the reaction medium originating from the preceding neutralization step and
is continued until at least 50 mole % of the starting alkylphenol has been
converted to alkylhydroxybenzoic acid (measured as hydroxybenzoic acid by
potentiometric determination).

20 Atleast 50 mole %, preferably 75 mole %, and more preferably 85 mole %, of
the starting alkylphenol is converted to atkylhydroxylbenzoate 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 x 10° Pa), preferably
from 1 bar (1 x 10° Pa) to 5 bar (6 x 10° Pa), for a period between about 1 and

25 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

15
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The weight ratio of diluent oil:alkylhydroxybenzoate is form about 0.1:1 to
2:1, preferably from about 0.2:1 to 1:1, and more preferably from about
0.2:1to 15 0.5:1. C. Acidification: The objective of this step is to acidify
the alkyihydroxybenzoate salt diluted in the solvent to give an
alkylhydroxybenzoic acid. Any acid stronger than alkylhydroxybenzoic

acid meuld keisifiize dodstalhdushesh pricsasid @s20aiuegupremiats, from
acid is utilized. Acidification step is C(%%glfed with an H+ equivalent

exce :%OH* 3?’6"\?@% ¢ %o%&éaé'us%wxh%r e of at least 5 H+ equivalent %,
preferably 10 H+ equivalent % and more preferably 20 H+ equivalent %,

the apidiipptendsaampietdpnarnbagdinaitesylfrdenaidis Werd Jidferably

O R T R A S
BydroA0pe reuhies(padicyliatefoom @bpet trimde of 2B Haydroxyiéna@ite hasiBa),

is at I ferably 0.6 mol
'Osf2&?5%%%@@%&!?&%@&%?%%%’%‘{Jﬁ‘dﬂ‘%ﬂe erably 0.5 moie

e acidification reaction is carried out Under agitation or
with any suitable mixing system at a temperature from about room
tempEratcaebtocdtiyrbip rafestip lysfried abpuilbld o & 86Iveneswchasod

o i ey o ge | _ |
rencl ST Shicle, A BHReh s, CHE SRR e e
prefeéiaifty hemwaigiieto alisoentdyisodmpiresiewniam shaid hikdris5:1,

10tilizgebrEhatneriosh MeyPe shoes. At the end of this period time, the
agitation is stopped in order to allow good 10 phase separation before the

aqueous phase was separated. After phase separation is complete, the
orgaHic@PRHSE vatisah neweiiErRlds ssethdadbis centritryaretniielinsicansiucted

impuritias RcheiRilsrdf elmninNateorebiaBaydig a too viscous material.

The weight ratio of diluent oil:alkylhydroxybenzoate is form 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
15 0.5:1.

C. Acidification:

The objective of this step is to acidify the alkylhydroxybenzoate salt diluted in
the solvent to give an alkylhydroxybenzoic acid. Any acid stronger than
alkylhydroxybenzoic acid could be utilized. Usually hydrochloric acid or

20 aqueous sulfuric acid is utilized.

Acidification step is conducted with an H” equivalent excess of acid versus
potassium hydroxide of at least 5 H+ equivalent %, preferably 10 H+ equivalent
% and more preferably 20 H+ equivalent %, the acidification is complete.

In one embodiment, sulfuric acid is used. it is diluted to about 5 volume % to
25 50 volume %, preferably 10 volume % to 30 volume %. The quantity of sulfuric
acid used versus hydroxybenzoate (salicylate), on a per mole of
16



water phase is treated as a waste material. In one embodiment, the
organic phase is sent through a coalescer to decrease the level of
residual water and 15 water-soluble impurities such as sulfuric acid and
potassium sulfate as a consequence. D. Contact with Carboxylic Acid:
The alkylhydroxybenzoic acid in step C is contacted with at least one

carbpyytisxseiczbatdng siensahocd iresesonsleapier eiome.58nkle and more

Neutralization: .The mixture of alkylhydroxybenzoic acid and the at least
one Bﬁ%&%’c()a@i@oﬁeo# Sslfgbjrlf éC'r%(éutralized with an alkaline earth metal

base and at least one solvent selected from the group consisting of

aronTaicdjifieaaonoaacabnhatiarhydimaarhessJnen cohils, andsuitable
mixtures therepf to form an alkaline earth 25.metal alkylhydroxylb ate
bt pe kR R s e T e e
Dversatsrplpirerbabing 5PtEtenTR G @fealRydeyidbipbet xoib tedisency of

alkylpRenelfier He-eRried aHbR:AT R SNAWIRL R RRITRE Skl

in the art to produce alkylhydroxybenzoates. However, it has been

surpHSAG WL SVaiRdeRdP FAO5BHIESNPER i b QIAARGHSPE Minutes to

carbogglininctdatthisrsteptsiecrense stheliudesedimbanhapianstbasihe
end of overbasing step by a factor of at least 3. The C1-C4 carboxylic
acids used in the neutralization step include formic acid, acetic acid,

propforieRid, Abipogfind e Waasitaiipnis sierpad Hewreas taplienessed
13 prefersblepauspmisteredd syabaridhase iRaesapigetoAtethase

0.1 PRI S RALPLER A SBLE DI 8L E RN Ry

fromceindiftigtet twedirninate impurities and distilled to eliminate solvent. The
water phase is treated as a waste material. In one embodiment, the organic
- phase is sent through a coalescer to decrease the level of residual water and
15 water-soluble impurities such as sulfuric acid and potassium sulfate as a

consequence.
D. Contact with Carboxylic Acid:

The alkylhydroxybenzoic acid in step C is contacted with at least one carboxylic

acid having from about one to four carbon atoms,

20  E. Neutralization:

The mixture of alkylhydroxybenzoic acid and the at least one carboxylic acid
from step D is neutralized with an alkaline earth metal base and at least one
solvent selected from the group consisting of aromatib hydrocarbons, aliphatic
hydrocarbons monoalcehols, and mixtures thereof to form an alkaline earth

25 metal alkylhydroxylbenzoate and at least one alkaline earth metal carboxylic
acid salt.

17



Generally, the overbasing reaction is carried out in a reactor in the
presence of alkylhydroxybenzoic acid from about 10 wt % to 70 wt %,
alkylphenol from 15 about 1 wt % to 30 wt %, diluent oil from about O wt %
to 40 wt %, an aromatic solvent from about 20 wt % to 60 wt %. The
reaction mixture is agitated. The alkaline earth metal associated with an
aromatic solvent, a monoalcohol and carbon dioxide are added to the
reactign \whitebattaining the temperature between about 20C and 80C.
20 The degree of overbasing may be controlled by the quantity of the
alkaline earth metal, carbon dioxide and the reactants added to the

reactiGiYerRating ahideHaixkaeRmboRvitdonyreepinarg and elrdphatiohmay be

prOceSﬁrrE@dNﬁWﬁﬁ?Hﬁ&lﬁd%ﬁmﬁ%y%eﬁe%hﬁﬂ% wyeRertRkSdduce
lime an corre to thef OWIE%? eight ratios: 25

0
Xylene Ié(e%ciqﬂ('}’] e]%?ﬁ’ Bo 8% d B%Wﬁmyaﬁaﬁ?vgrf%hat the
491. 18dfliishadal:stai dummttirohCalibue arabllitoadid, epltaferablydmmases the

aboutfil L2 dhifeht &ﬁéh?%% gpﬁ»gﬁ@@ﬁgé’i%%%ﬂg %ip 08 oxyf?Péjtt least 3.

0.5:1to0 1.3:1, preferably from a
acid:alkylhydroxybenzoic acid a molar ratio from about 0.02.1 to 1.5:1,
preferabty Grely abdub@lit: ddid Ouikdd inrtresisadddeidation sleprindiededsmnic acid,

pre-mixiupe oLime MeHhangh XXJw%ut?H(d, a%Q%A}ﬁiEmrogguOL%da%\ég a‘il%ne orin

period of 1 hour'to 4 hours at a temperature between
65C. mﬁw&q'@%ﬁ@feﬁmﬁetwamztmsazﬁ@g:éuaﬁdﬂ@er for smiirple, formic -

high oxeithassst seaierad BB PaBe O AT URSSSHMEN NN e RANIRE 0.1:1 to

0.4 to 3. volume %
‘F 0}5 4 preferabiy from about 0.5:1 to 4:1, and more preferably from about 0.5:1

to 2:1.

Generally, the overbasing reaction is carried out in a reactor in the presence of
alkythydroxybenzoic acid from about 10 wt % to 70 wt %, alkylpheno! from

15 about 1 wt % to 30 wt %, diluent oil from about 0 wt % to 40 wt %, an aromatic
solvent from about 20 wt % to 60 wt %. The reaction mixture is agitated. The
alkaline earth metal associated with an aromatic solvent, a monéalcohol.and

carbon dioxide are added to the reaction while maintaining the temperature
between about 20°C and 80°C.

20 The degree of overbasing may be controlled by the quantity of the alkaline
earth metal, 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 CO,)

will correspond to the following weight ratios:
25

= Xylene:slaked lime from about 1.5:1 to 7:1, preferably from about
2:1t04:1.
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preferably in the range of 0.6 to 1.8 volume %, without any deterioration of
the performance. With the omission of Ci-C4 carboxylic acid, it is not able
to reach this low level of crude sediment. Typically, crude sediment
without a CI-C4 15 carboxylic acid will range from about 4 to 8 volume %.
For a middle overbased material (TBN from about 100 to 250), the

quantity of limeMathaORskieddjustduin abdet hAdbtdm 4 Groddesabliyrfeom
in the range of Q2,19 & ¥qlynes4. The crude sediment without the use of
C1-C4 carboxylic acid will range from about 0.8 to 3 volume %. 20 In the

third embodifheftPAReijsradeitaiceing fpe s aniastrliararHe®artHo 1.3:1,
metal alkylhydroyghsraepaiemapde obtained ly1a process having steps A

rough C above.followed by:.D. Neutralizatjon: The mixture of .
o bor G PP Rl SR R ARl e 8 pelag ratio from
excess of an alkathpiet 8iEhintethbbhseeiachlydmst abeowdiventisdlettbd

from the group consisting of aromatic hydrocarbons, aliphatic
hydr?_carbons _ mﬁfnoalcphols, and mixtures.thereo%o form eggrzw al alin(fe q
earth THStAT RGBT Sard S RECEURIEG HillNe=malone agyene. an
. The 8khlinéndadhane talealkydeyidibrfbennodte hhduatk alireteapbraietalbetween
base,fimed-iR siRPaR-Is contacted with at least one carboxylic acid
having from about one fo four carbon atoms to form a mixture of alkaline
earth metal 5 alkylhydroxybenzoate and at least one alkaline earth metal
1€arbdhdatearfityQidirbasing Clheaatkadijustedrih ong¢alto obtain a high overbased
alky Iy oBRpatssi e OB essRliRume ¢
provided aboli/e. Op'][tg)nzll y&;i}éﬁgﬁgﬁiﬁgﬁfﬂgﬁﬁaﬁ n%ﬁd?%?gti a?t?t%me %
may aisfrdinAbg fange of 0.6 to 1.8 volume %, without any deterioration of the
performance. With the omission of C4-C,4 carboxylic acid, it is not able to reach
this low level of crude sediment. Typically, crude sediment without a C-C,

15 carboxylic acid will range from about 4 to 8 volume %.

For a middle overbased material (TBN from about 100 to 250), the quantity of
lime and CO; are adjusted in order to obtain a crude sediment in the range of
0.2 to 1 volume %. The crude sediment without the use of C4-C4 carboxylic
acid will range from about 0.8 to 3 volume %.

20 In the third embodiment of the present invention, the overbased alkaline earth .
metal alkylhydroxybenzoate may be obtained by a process having steps A
through C above followed by:

D. Neutralization:

The mix;ture of alkylhydroxybenzoic acid from step C is neutralized with a molar
25  excess of an alkaline earth metal base and at least one solvent selected from

the group consisting of aromatic hydrocarbons, aliphatic hydrocarbons,

monoalcohols, and mixtures thereof to form an alkaline earth metal

alkylhydroxybenzoate.
19



10 remove solvent and crude sediment. Water, methanol and a portion of

the xylene may be eliminated by heating between about 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 160C as determined with the
PensEy-Gbattent svithoSech &yl RMEC) 15 Tester described in ASTM D93.
Lubricating Oil Composition The present invention also relates to

lubricatin compaositions contalnlng an overbased alkaline earth metal =
Ay RO EER0 FTEAFAE By e pRsESS oAb PHeUBR IR ATBI base
Suchfthrichiing eyl mammm@a wiilh mmes@@mwxgm:waww@from

base gl i a ity, and Inor amodu nt of.an overbas

alkallzf% g'grt énf%tg ﬁgﬁr%@)c(: Sér%z%%{n pr@b’é\f”éﬁ %@,q%gflﬁ\leoggg% rBF ﬁ%
&es@ikymx@ﬁﬂwbﬁaw%eaammemjmm&am gertibO\giat fendbyl ftem
about 300 to 400, and a crude sediment of less than about 3 volume %,
prefe Wé@?& ﬁn about 2 volume %, more preferably less than about 1
25 volume % mr} e case of a high overbased alkaline earth metal
alkylhydroxybenzoate and in the case of a middle overbased alkaline

earthTthaﬁikglb&dWﬂ@Qﬂt@hﬁWﬂ%ﬁiﬁ%% EOmeARAIEB AP 228 ding to

pref ﬁ%? gcgifrt?orp‘ aboq[ to 230, with a crude sediment of less than |
volume™ pre R yqeass iffn 0.5 volume %. Base oil as used

herein is deflned as a base-stock or blend of base stocks 5 which is a
Iubrlaapﬂ@@éwqm%ﬂtélﬁl%m&pﬂ%ﬂﬂﬁ%ﬁbﬂ S @ IMAISRHLEAID BE utilized to

me s%ecmca |on Hde endent. of fee?v?gurce or manufacturer's

Scation i (Lm%ﬁ’é ﬁl?:%{tﬂﬂg, aReten ff the

thatmeds?
identKié@WByTaﬁwhmdmmﬂﬂaymedtmg identEmatboutlimdEL, tor I3tC. This may

Base ks foaY P ee MANYARIH B EHTIRGRY A4 L TR BRI ERAERe may
including but not limited to
be eliminated by heating under vacuum in order to reach a flash point of at

least about 160°C as determined with the Pensky-Martens Closed Cup (PMCC)
15  Tester described in ASTM D93,

Lubricating QOll Composition

The present invention also relates to lubricating oil compositions containing an
overbased alkaline earth metal alkythydroxybenzoate prepared by the process
of the present invention. Such lubricating oil compositions will comprise a major

20 amount of a base ol of lubricating viscosity and a minor amount of an
overbased alkaline earth metal alkylhydroxybenzoate prepared by the process
of the present invenﬁon having a TBN is from about 250 to 450, preferably
from about 300 to 400, and a crude sediment of less than about 3 volume %,
preferably less than about 2 volume %, more preferably less than about 1

25  volume %, in the case of a high overbased alkaline earth metal
alkylhydroxybenzoate and in the case of a middie overbased alkaline earth
metal alkylhydroxybenzoate having a TBN from about 100 to 250, preferably

20



10 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 lubricating base oil fraction particularly those having a kinematic
viscosity at 100 Centigrade 15 (C) and about 4 centistokes (cSt) to about

20 Cﬁ&nﬁa@&? W{b%ﬁ!\ﬁﬂﬁ.si@wgépﬁm‘? o@aggr%ﬁewﬂ&me %, and

prepared from the polymérization of ethylene, polya in or PAO, or
fromPhSGabhr iR At Siyplseedares 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: e.qg., little, if 20 any,

e SRR AL, AR BS0TS0 B8 P GPATE Al e o s ks
Gisedviicthis bdskrimiéntiideseientedadisiieodeckddpeadinglo mbraitirdinedt to the

o0 LS NS940 00 L P00 o)

Gradbadreels theysameowoatrabyerosrepificatiemped tahisddgrtiged by a
SW-8Ricd/ tdfdn MW/ 5@ dRlY iderkifica N nEM¥e? 0ot B¥h3Bat8\8cARs may be
10W-50, JFSW, 15W-20, 15W-30, gr Z}SW-4Or. Thg bgse il ma)ébe d rlveg a1
from RERUIAFIHIS UG Biler SRl HiBRLRIRRG SSRS BiSHAlNgG Syt Rt ited to
18uitaldélbisn, Gibivehi definras ehgtivoksroptacesdiby, Sjmoaexitiation of

synt@g{%y&%ﬁ&q daﬁ'@?%mgi%%ﬁ%ﬁ@@@&% %%%%Bﬁ?%&ﬁ%%lﬁ free from

produce ydrocrac an solvent extracting) the aromatic
and paierialmipisedurebintreghunandiartbiedh sso GainatioRcoHysyinyaLse.
API Bleasiegeiies thibinddrid RBy deamdebnadivAlhitdblicadeatirgDase

14th Ec}ition, Addendum |, December 1998. Saturates levels and viscosit

- 9
indicRL TAFEOR AR Bl fhAsE-RavER %?@%EE&%‘”FSB?&M 51560 hepigade
16ils 46 potyatpha dlefintsPAS) (Sid tpAbha<EOaiBtintyddesalbotheyriibstc oils

oils rf‘n‘?ztay include, for example, oils prepared from the polymerization of ethylene,

polyalphaolefin or PAO, 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; e.g., fittle, if

20 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 oil to give the desired grade of engine oil,
e.g. a lubricating oll composition having an SAE Viscosity Grade of OW, 0W-
20, 0W-30, OW-40, OW-50, OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50, 5W-

25 60, 10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30, or
15W-40.

The base oil may be derived from natural fubricating oils, synthetic lubricating
oils or mixtures thereof. Suitable base oil includes base stocks obtained by

30 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 AP

21



5 included in Group I, 11, Ill, or IV. Group Il base oils are preferred. 22
Table I. SATURATES, SULFUR AND VISCOSITY INDEX OF GROUP |,
11, 111, IV AND V BASE STOCKS Saturates (As determined Viscosity
Index by ASTM D2007) Group Sulfur (As determined by (As determined
by ASTM D4294, ASTM 02270) ASTM D4297 or ASTM 03120) Less
than eotegaigaraiésil,dvdion Graatdsftheth immymmrthmw Bthat dtion,

50 anulnasiai), bEB S e G celer han 1 SRS BRLSIT BN Plroup

equal to 80 an ess I % saturates and less than t

0.03 do'kand i hasterin aredistafli 1ae I}I%%@tth‘r’a‘@%%lﬁdﬁl@s% than
Greatﬁﬂg;am@cm@m@ (tA 83 Oces vl 48e0:H3 W R alVotMEr base oils not

Iya fins PAO Il ot not included in Groups |, Il, Ill, or IV

aturzr;lPF Hé)%éﬂl BiR H&Jﬁngfulg §ﬁ?ﬁ%qgh§g\?eﬂli§5 S‘ﬁgef 4
rapeseed oils, castor oils and lard oil), petroleum oils, mineral oils, and
oils derived from coal or shale.
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5 23 Synthetic oils may include hydrocarbon oils and halo-substituted
hydrocarbon oils such as polymerized and inter-polymerized olefins,
alkylbenzenes, polyphenyls, alkylated diphenyl ethers, alkylated diphenyl
sulfides, as well as their derivatives, analogues and homologues thereof,
and the like. Synthetic 5 lubricating oils also include alkylene oxide
polymers, interpolymers, copolymers and derivatives thereof wherein the.
terminal hydroxyl groups have been mpgglifieql by esterification,
etherification, etc. Another suitable class of synthetic lubricating oils
comprises the esters of dicarboxylic acids with a variety of alcohols.

Esters uB&flIVBS ssthetib iR AddindRide HoYelMaAgd PoneBOt> 1 D IV
monocarboxylic acids and polyglgangmodeletantrgl ri-alkyl phosphate

ester-oils.such.as those exemplified by tri-n-butyl phosphate and

tri-isg-butyl phesphefesgatiaauiable fol use as base oils.
Silican-based obls JT 5%(5%? olyakyl-, ppNigeasitydndakoxy-, or

poly § 5 3iloxane ofis and silicate o S) comprise another useful
class @g?thetlc Iubrlcatln? oils. Other syh{heatidelepmiadih i oAS T e 94,
liquid esters of PHBEASHRENRERIRY acids, W@gggj ﬂ?ﬁ(ﬁ)[%q%)
polyalphaolefing,sand pibedike. 20 The basg ol erived from

unrefined, refined, rerefined oils, or mixturds thereof. Unrefined oils are

obtained directlyggg%&r@d@aggﬁygfgsor synthetic source (e.g., coal,
shalg, or tar sand bitumen) without further p@iaasionan dreafiabrt .80 and less

Examples of urRBAREEHmataidharta @H%'ﬁe bobt d directly from a
retorting operatgr @ petroleum oil obtained |rec from distillation, or an
25 egter oil obtained directly from an esterification process each of which

may jthen be rl%ﬁgé%mﬂ%ftf %Jé @g%ent Refined oils are similar to the

unrefined oilsjexcept that refi oils have eeaweaiad 5t 08€PtBWaNd less
purific8tion stdpé saturates and less than than 120
or equal to 0.03 % sulfur

- Greater than or equal to 90

i % saturates and less than Greater than or equal to 120
or equal to 0.03% sulfur

v All Polyalphaolefins (PAOs)

A4 All others not included in Group_s L, W, or iV

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

oils, castor oils and lard oil), petroleum oils, mineral oils, and oils derived from
coal or shale. )
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to improve one or more properties. Suitable purification techniques include
distillation, hydrocracking, hydrotreating, dewaxing, solvent extraction,
acid or 30 base extraction, filtration, and percolation, all of which are
known to those skilled in the art. Rerefined oils are obtained by treating
used oils in processes similar to those used to obtain the refined oils.

Thes@YBtetiredsima éralededayrirenanbas il aintobr-supriibetssenlydiigcarbon
and ofiRnsaen add @H@Wz@&%@‘é%@r~%l&ﬁﬁ8ﬂ%&éﬁh§em@ﬁbﬂ£§ﬂ§§t

additives %énd oil breakdown products. Base oil derived from’the
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overhgsssbalkalne sRptaial apilsuckgrdaengpate 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.
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CompdiEsing oils. Other synthetic lubricating ons include liquid esters of
phosphorus-containing acids, polymeric tetrahydrofurans, polyalphaolefins, and
the like.

20 The base oil may be derived from unrefined, refined, rerefined oils, or mixtures
thereof. Unrefined oils are obtained directly from a natural source or synthetic
source {e.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 petroleum oil obfained directly from distillation, or an

25 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, dewax%n'g, solvent extraction, acid or

30 base extraction, filtration, and percolation, all of which are known to those
skilled in the art. Rerefined oils are obtained by treating used oils in processes
similar to those used to obtain the refined oils. These rerefined oils are also
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The following additive components are examples of components that can

be 25 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. 25 (A)
Ashless Dispersants: alkenyl succinimides, alkenyl succinimides modified
with bEesfoRgdARIadBatboUTROapebalkeilylesstefiimriesdibiivhelytacessed

boric, peidnAIKEEY rSHHUGH FLEpER SHUHRRALIINRIBISaRIGVR RF8Rcts.
type phenolic). oxidation |nh|b|tors 4,4'-methylenebis (2,6-di-tert-

butylphenol),4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-
butylpheaal), c&ﬂve(mﬂmylﬁ’i&dbjﬂféimmbyhﬁéﬁwtdﬁwwpmylﬁ&o%é used, either

?utylgig,qg@,sg %ﬁ%}] a,,S %ﬁ é’g)%adlpatural and/or synthetic base oil.

4'-isopropy |dene
2,2' ﬁéﬂWﬁ@ﬁ@W@f@th%ﬂﬁ@ﬁyﬁﬁb@omQWﬁm@@ﬁ@nm natural or

bis(4sGriiamsvinBe e iniidrdd BlRYiRA SRS 4 MRifartSriorafisdpirne)).
2,6- di-tert-butyl4-methylphenol, 2,6-di-tert-butyl4-ethylphenol,

2,4-dimethyl-6-tert- butyl-phenol, 2,6-di-tert-a-dimethylamino-p-cresol,
2,6-dirtentrd (&l to use a major amount of base oil in the lubricating oil
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(3,5-elotarktuity Ko icdiowy BeRayd),, %}Q&Qﬂ%%%@%? HYRe RXH80t 50 wt % to
inhibitor: alkylated dlphenélamlne phen>él a- napht%%/llamlne and alkylated
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The overbased alkaline earth metal alkythydroxybenzoate 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
20 be in an amount from about 1 to 15 wt %, preferably from about 2 to12 wt %

and more preferably from about 3 to 8 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 -

25 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.
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ether, polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl
ether, polyoxyethylene oleyl ether, polyoxyethylene sorbitol
monostearate, 25 polyoxyethylene sorbitol mono-oleate, and polyethylene
glycol monooleate. 26 2) Other compounds: stearic acid and other fatty
acids, dicarboxylic acids, metal soaps, fatty acid amine salts, metal salts
of heavy sulfonic acid, partial carboxylic acid ester of polyhydric alcohol,

and | 1S ifiers. ition.p lohenol.. . ..
o SRR e NI AR PR SR oo
sorbiwﬁ%%@r@mmm%s@ﬁé AhERY SEFCAgBIGey: pRMdfied with boric

dialkglelthinpbearirtmi€asiad P, primary alkyl type & secondary alkyl
type), sulfurized oils, diphenyl sulfide, methyl trichlorostearate,

chlorinated naphthalene, benzyl iodide, fluoroalkylpolysiloxane, and lead
naphtBeREgdationinfiiaisn Modifiers: fatty alcohol, fatty acid, amine,
borated ester, and other esters (G) Multifunctional Additives: sulfurized

gymg| it sulfyrized oxymo r9ano. . .
S S S W YT P o
dieth§HREPRETIAR, afnirie(Fdidbleshbriyishesmpléd chisiBonathvifdert-
lsulfubggmﬁgﬂleg, r%%wwﬁywpﬁ%mm%fﬁ%ﬂf&)l-)&i%‘rsllﬂbt,y4',ﬁdex
mprovers: polymethac e polymers, ethylene- propylene .
copo%}fiyj%g,)rﬁéﬁe&é’ﬁg%%%ég&%‘&%%g,(’Hyﬁréfé"t_?%f?Pé’ é‘-"‘?@t?fff%@“d‘"teﬂ”
copobyutydpsepolyiobiundtnderatdsispartahtypewigeasily, Bidskobutylidene-
IApr 20 (| -DoIRt Dep , nethyl methacrylate. (K i
B e R TR o, 2.
polyrdetertpyividetiviehsants 28 mitodd ety nstiitphenbhiRy-cirbylyb-tert-
phengigg.sHkvbol, 2,6-di-tert-o-dimethylamino-p-cresol, 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-methyi-4-hydroxy-5-tert-butylbenzyl}-
15 sulfide, and bis (3,5-di-tert-butyl4-hydroxybenzyl).

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

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

20 (C) Rust Inhibitors (Anti~rust agenis):

1) Nonionic polyoxyethylene surface active agents: polyoxyethylene lauryi
o ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonylphenyl
ether, polyoxyethylene octyipheny! ether, polyoxyethylene octyl stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene sorbitol monostearate,
25  polyoxyethylene sorbitol mono-oleate, and polyethylene glycol monooleate.
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or alkenyl aromatic sulfonates, calcium sulfonates, sulfurized or
unsulfurized 25 metal salts of multi-hydroxy alkyl or alkenyl aromatic
compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfurized or
unsulfurized alkyl or alkenyl 27 naphthenates, metal salts of alkanoic
acids, metal salts of an alkyl or alkenyl multi-acid, and chemical and

- physRjDthéxtoosspibiende! siEXAd/HrRidESH dTbibemfetitiarids!] diedtbtixglic acids,

lllusteated yAne, RREWMAY Q@%pé%ﬁs}'vﬁ%ﬂ%liﬁhé Eﬂ*ﬂ%@%ﬁh‘!&ﬁ% acid, partial

advantageous method embodiments. e Examples are provi

ilustFPPlig R RS R IECR PR RBARWP R NARE BSBHample 1
Overbased Alkaline Earth Metal Alkylhydroxybenzoate Having 350 TBN
A) Fo j he Alkali. Met I A0 A (1000
g -pre{@?ggﬁr%%nﬁﬁb%%@sﬁéﬁ Iﬂ%@ém%@ﬁ&%ﬂﬁeﬁ%se&%%n E%%l%elbha
iKY ERASRS AN IRt rev RalVovmPIEN & 8REitasoeste) was

placed in a reactor and heated to 60C over a period of 15 minutes then

290 geaf tig % 2 |

deto RS SR IR (5 doetel e PRSI RRRA® @n-
adddaTRpimaneaidivpesiisessiiediiviizped suligized odsdibieoy!2
hourgiiile, reeaeinalivieoRasiatthaBraRRE e RS PhERiS Prsiadre

(1013 mbar, absolute - 1 x 105 Pa) to 800 mbar absolute (8x104 Pa).
Undj“f?‘fggg(?}fb W?Sﬁ@??eﬁﬂg B"é’&ﬁ?ﬁ%ﬁjﬁv@%aintained'for 3 hours.

During this period, approximately 179 ml of water was removed. 20 B)
1Garbgxyiaiianh heRaciantoRiaiNB theyalkall malabaliodphenaleframl other
step A) was allowed to cool to 140C. The reactor was then pressurized

with %t 4 bar (4 x 105 Pa) (absolute pressure) and maintained under
these conditions for 4 hours. At

(G) Multifunctional Additives: sulfurized oxymolybdenum dithiocarbamate,

sulfurized oxymolybdenum organo phosphorodithioate, oxymolybdenum
monoglyceride, oxymolybdenum diethylate amide, amine-molybdenum

15 complex compound, and sulfur-containing molybdenum complex compound

(H) Viscosity Index Improvers: polymethacrylate type polymers, ethylene-
propylene copolymers, styrene-isoprene copolymers, hydrated styrene-
iIsoprene copolymers, polyisobutylene, and dispersant type viscosity index
improvers.

20 (1) Pour-point Depressants: polymethyl methacrylate.

(K) Foam Inhibitors: alkyl methacrylate polymers and dimethy! silicone
polymers.

(L) Metal Detergents: sulfurized or unsulfurized alkyl or alkenyl phenates, alkyl
or alkenyl aromatic sulfonates, calcium sulfonates, sulfurized or unsulfurized
25 metal salts of multi-hydroxy alkyl or atkenyl aromatic compounds, alky! or
alkenyl hydroxy aromatic sulfonates, sulfurized or unsulfurized alky! or alkenyl
27



the end of this period, CO2 was vacated to allow the reactor to reach 25
atmospheric pressure. At this step, 82 g of CO2 was incorporated. 28 C)
Acidification: The alkali metal alkylhydroxybenzoate was reacted with a 20
molar % excess of a 10 % aqueous solution of sulfuric acid to convert it to
an alkylhydroxybenzoic acid as follows: 5 A mixture of 140 g of sulfuric
acid mdHHénansk 12k Tag ity atellkansresdasobisinl 130 ¢ ahapalwianieiny
sulfurgil%@%gi ilg}\%dcﬁt 10 % Was x;iqu‘lacedlinia\,[6r Iit% r?acftor and heated to
50C under agitation X056 rpm; Sé?ﬁyﬁilér%?%eﬁz%%te from step B)
and xylene (1500 g) were loaded over a period of 30 minutes. Xylene
assisted in phase separation. The regxmmppeSsl0 heated to and
maintained at 60C to 65C for 2 hours with continued agitation at 250rpm.
. At the end of this period, agitation was stopped, but the reactor was

maintaf Y EEOME Befurties iHusirsiesdiothereliomine exprpieRpMch set
eci%dmﬁ@m@mﬁf %‘g@otw@magﬁsh@meh@wm@m%&amtes are
water_an assium sulfate was decanted. The upper organi ase . .
con ST IR O SE R G R N P € Sh e PR ECRLT

the following step. The concentration of alkylhydroxybenzoic acid was

determined as an equivalent numbergimeI@HKOH/g - V1, also known as
the Total Acid Number (T.A.N.), as described in ASTM D664. D)

under agitation into a reactor over a 10 minute period. Then a slurry of

methinol (573 gl e (3730} A1 pe0e K35 s e mroduced. Due o

the exothermic reaction, temperature increas om about 20C to 28C.
Once the slurry was added, the reactor
10 Alkylphenols (1000 g} prepared from mixtures of linear normal alpha olefins

{C20-Czg alpha olefins from Chevron Phillips Chemical Company), xylene (500
g) was placed in a reactor and heated to 60°C over a period of 15 minutes then
290 g of an aqueous solution at 45 % KOH (2.325 mole) and 0.2 g of a
defoamer calied Rhodorsil 47V300 (commercialized by Rhodia) were added. '

15 The reactor was then heated further to 145°C over a period of 2 hours while
gradually decreasing the pressure from atmospherit: pressure {1013 mbar
absolute — 1 x 10° Pa) to 800 mbar absolute (8x10* Pa). Under these
conditions, refiux begins and was maintained for 3 hours. During this period,
approximately 179 ml of water was removed.

20 B) Carboxylation:

The reactor containing the alkali metal alkylphenate from step A) was allowed
to cool to 140°C. The reactor was then pressurized with CO, at 4 bar (4 x 10°
Pa) (absolute pressure) and maintained under these conditions for 4 hours. At
the end of this period, CO, was vacated to allow the reactor fo reach

25  atmospheric pressure. At this ste'p, 82 g of CO, was incorporated.
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25 was heated to 40C over a period of 30 minutes and a mixture of formic
acid (14.65 g):acetic acid (14.65 g) was added and allowed to react with
the contents in the reactor. After a period of 5 minutes, the reactor was
cooled to 30C over a period of 30 minutes. 29 E) Overbasing: Once the
temperature of the reactor had cooled to 30C, CO2 (70.3 g) was
introdticed intadifieatieactor at a flow rate of 1.37 g/minute over a period of
15 minutes then 171 g of CO2 was introduced at a flow rate of 1.62

g/mi iod of 105 minutes. A slurry of methanol (109 g A lime

te oyer.5a er|| . )
(109%19%3%%}@&5@*@%%@5%9%&7&%%@%5%%%%54!@62?1@8%% excess
was afdetD Suerquemrosbbftid® ofinufeseaddonctaeafili®ag/minute.

The @%5@96@29?5}%3@%\6%%5’% DQ)é(_aline earth metal

alkylhy e percentage of crude sediment 1.2 volume %
was determined at this step following the ASTM D2273 method. 10 F)
Bredistiatiors cfeiatbify gasaliydnddidnal E8stillation:25e; mixiater o aiaiaed
withi r %a%g ' rafure, & een 65C to
2 SRR A e A R A R h o o

watelighdeagertnd deatedince Comsten agtalinsat2ehermathrent oil
(775 akwaRIRRIBEn Sobtde SRl WBWWQ%%%%@E?%} WBE: 3RHAREr a

15 crude sediment in the gverbased alkaline earth metal
alky IRk PHEN DR EXR RRFIPIES FoRitAEss PRI RS dESH SR%RIrwas
Was tentetlgedrto rerimbaieedustesadito et arfdribenudisitiactan@ia fitation

oS AR B RSO o T
30 Exgghpnaiptained at 60°C to 65°C for 2 hours to allow the phase separation to
oceur. Upon phase separation, the lower agueous phase which contains water
- and potassium sulfate was decanted. The upber organic phase containing the
15 aikylhydroxybenzoic acid and xylene were collected for the following step. The
concentration of alkylhydroxybenzoic acid was determined as an equivalent
number of mg of KOH/g — V1, also known as the Total Acid Number (T.AN.),

as described in ASTM D664.
D) Neuftralization:

20 The upper organic phase (3045 g) containing the alkylhydroxybenzoic acid
(having a T.A.N. of 35 mg KOH/g) was loaded under agitation into a reactor
- over a 10 minute period. Then a slurry of methanot (573 g), lime (573 g) and
xylene (735 g) was introduced. Due to the exothermic reaction, temperature
increased from about 20°C to 28°C. Once the slurry was added, the reactor
25 was heated to 40°C over a period of 30 minutes and a mixture of formic acid
| (14.65 g)acetic acid (14.65 g) was added and allowed to react with the
contents in the reactor. After a period of 5 minutes, the reactor was cooled to
30°C over a period of 30 minutes.
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Overbased Alkaline Earth Metal Alkylhydroxybenzoate Having 200 TBN
The overbaséd alkaline earth metal alkylhydroxybenzoate having a 200
TBN was made following Example | except for the following changes to
steps C to F 5 of Example 1. C) Acidification At acidification step, a larger
guantity of xylene is added: 2500 g instead of 1500 g. D) Neutralization:
10 402p g ddvkebapipgr organic phase containing the alkylhydroxybenzoic
acid (having a T.A.N. of 26.3 g KOH/g) was loaded under agitation into a

e (RS SRS ot g e THRAUEE B e elbhbhes

reactiotipteicgbisitutkeneseisest frdtovalidatd? AGTo2duenmettepstioy of 15

was agifads b e ?@%9&;@@%@%@;@&%%%%%0%%{& gqugpggmmé over
9) g d&d and

and a mixture of formic acid (11.8 g)/acetic acid (11.8 g) was a

allowBPEFE L\ iMdeb Rerusnhahaetaet (Mgh BAdHAS ® and xylene
minutaastgpwascienevas Kee sdditt BRI O] 2L HaE 3AdBINBIRS dPeriod of

@) ing: 20 Once the t f t tor had cooled to 25C,

002 (0N AR RS o & ARGy Lo ABR PG overbased

al mirmwlawthmmpMMhmsmpeaaeebbfrﬁm alaom&rﬁﬁ@bto_f@ﬁ@iemﬁ%ent

period ofaRMinYISe: s iRLrARTA Y IRICRHBIARIRAIRA AT S8 Dmethod.
iSti trifugation, an

metal alkylhydroxybenzoate. 31 F) Pre ation, Ce inal
Distillation: The mixture contained within the reactor was taken in stages
16 a tEinperBradistietivecCERAfgARBC aovbF maddiotilafidd:0 minutes.
This procedure removed methanol, water and a portion of the xylene.

Once_'%ZSC, was reached, diluent i
e mixiure contained within the reactor was taken in stages to a temperature

between 65°C to 128°C over a period of 110 minutes. This procedure removed
methanol, water and a portion of the xylene. Once 128°C was reached, diluent
oil (775 g) was added. Crude sediment was then measured. The amount of

15 crude sediment in the overbased alkaline earth metal alkylhydroxybenzoate
was very low (1.2 volume %).

The reaction mixture was centrifuged to remove crude sediment and then
distilled at 204°C for 10 minutes under vacuum at 50 mbar absolute (50 x 107
Pa) to remove the remaining xylene.

20 Loads are in Table Il and analyses in Table il
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5 oil (573 g) was added. Crude sediment was then measured. The amount
of crude sediment in the overbased alkaline earth metal
alkylhydroxybenzoate was very low (0.2 volume %).The reaction mixture
centrifuged to remove crude sediment and then distilled at 204C for 10
minutes under vacuum at 50 mbar absolute (50 x 102 Pa) to remove the
remaining xylene. 10 Loads are in Table Il and analyses in Table 111.
Example 3 Same process as Exampl%_grgmﬁlg lower TBN (150) was
attained. See loads in Table Il and analyses’in Table 111. Example 4 15
Same process as Example I but at step A) KOH was replaced by NaOH

overbasmg step (stp E) See Ioads in Table Il and analyses in Table

111._Exam eat o Exam he loads in the

e TS AR KR bR Mt L Ere RN 200 TEN
mainWae raddglielaningtiiyaohpidehexaetidontidifuiidngstdpitgEptC3t@?s C to F
gee m&gme Il and analyses in Table Ill. Comparative Example A
Comparative Example A was prepared according to the procedure

described for Example | except the mixture of formic acid acetic acid was

not a@yédidicai@nude sediment is higher, a larger quantity of lime is

added in order to reach the same TBN. The overbased alkaline earth

T R A R
1500 g.

D) Neutralization:

10 4045 g of the upper organic phase containing the alkylhydroxybenzoic acid
(having a T.A.N. of 26.3 g KOH/g) was loaded under agitation into a reactor
over a 10 minutes period. Then a slurry of methanol (267.0 g), lime (267.0 g)
and xylene (849 g) was introduced. Due to the exothermic reaction,
temperature increased from about 20°C to 28°C. Once the slurry was added,

15 the reactor was heated to 40°C over a period of 30 minutes and a mixture of
formic acid (11.8 g)/acetic acid (11.8 g) was added and allowed to react with
the contents in the reactor. After a period of 5 minutes, the reactor was cooled
to 25°C over a period of 30 minutes.

E) Overbasing:

20 _Once the temperature of the reactor had cooled to 25°C, CO, (30.6 g) was
introduced into the reactor at a flow rate of 0.74 g/minute as the temperature
was increased from about 25°C to 40°C over a period of 95 minutes. The

reaction yielded an overbased alkaline earth metal alkylhydroxybenzoate.
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Loads are in Table Il and analyses in Table Ill. 10 Comparative Example B
Comparative Example B was prepared according to the procedure
described for Example 5 except the mixture of formic acid acetic acid was
not added. As crude sediment is higher a larger quantity of lime is added
in order to reach the same TBN. The overbased alkaline earth metal
alkylhydroxybenzoate prepared 15 in the absence of the mixture of formic

acid@ceticpeigiomipned éwalgaadk, shadamadinaiigokoads are in
Table Il and analyses in Table lll. 33zO0O(~wD z>0ZC/N OCCD

E 0 m ~c QO03(DK fn30 0 SK wy. wwOw 0,!50 CD -0 owc OXo (Do o a
awD1d1e migtre coptamadawiiie-the eagier was takpClp slagesAcadgmpemature
X A pBthddh B 018 2Cvevara pMisdPon G0 ntihlite 8. T8iPproédiure removed
methanol, water and a portion of the xylene. Once 128°C was reached, diluent
5 oil (573 g) was added. Crude sediment was then measured. The amount of
crude sediment in the overbased alkaline earth metal alkylhydroxybenzoate'
was very low (0.2 volume %).The reaction mixture centrifuged to remove crude
“sediment and then distilled at 204°C for 10 minutes under vacuum at 50 mbar

absolute (50 x 10° Pa) to remove the remaining xylene.
10 Loads are in Table 1l and analyses in Table Il
Example 3
Same process as Example 2 but a lower TBN (150) was attained.
See loads in Table Il and analyses in Table |1

Example 4

15 Same process as Example 1 but at step A), KOH was replaced by NaOH on an
. equal molar basis and a higher quantity of lime is added at the overbasing step
{step E). '

See loads in Table Il and analyses in Table ili.

Example 5

20 Arepeat of Example 1 except the loads in the neutralization, overbasing, and
predistillation steps are different due mainly to a higher quantity of xylene at the
acidification step (step C).
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Comparative Example A was prepared according to the procedure described
for Example 1 except the mixiure of formic acid acetic acid was not added. As
5 crude sediment is higher, a larger quantity of Iimé is added in order to reach
the same TBN. The overbased alkaline earth metal alkylhydroxybenzoate
prepared in the absence of the mixture of formic acid:acetic acid contained 6
-volume % crude sediments.

Loads are in Table Il and analyses in Tabie lil.

10 ' Comparative Example B

| Comparative Example B was prepared according to the procedure described
for Example 5 except the mixture of formic acid acetic acid was not added. As
crude sediment is higher a larger quantity of ime is added in order to reach the
same TBN. The overbased alkaline earth metal alkylhydroxybenzoate prepared
15 in the absence of the mixture of formic acid:acetic acid contained 6 volume %
. crude sediments.

Loads are in Table Il and analyses in Table Iil.
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Table 1,

34

LOADS Examples OMHM.MWWMMQ

=i No R 1 2 3 4 5 A B
S oz O A. Neutralization Step
o Z o) @) Linear Alkylphenol from CPC C20-C28 olefin
== S A -(g) 1000 1000 1000 1000 1000 1000 1000
S0 M 5 @) - {mole) 2.325 2.325 2.325 2.325 2.325 2.325 2.325
>0 =z oNo KOH/Alkylpheno! (Molar Ratio) 1 1 1 1 1 1
SURo Xylene (g) 500 500 500 500 500 500 500
<oQ = pd KOH (diluted at 45 % water) (g) _
e Oo NaOH (diluted at 45 % water) (g) 290 290 290 290 290 290
50 < % Oo KOH (diluted at 45 % water) (mole) 207
W\ MU\ W Cm NaOH (diluted at 45 % water) {mole) 2.32 2.32 2.32 2.32 2.32 2.32 2.32
~0ZIx_ Water eliminated (g) _ 199 199 199 154 199 199 199
O £ =2 o 2 [B Carboxylation CO, (g) | 82 82 82 82 ) 82 82
& = o < = © [ClAcidification _
- 00 m mu o Xylene 1500 2500 1500 1500 2667 1500 2667
zz0 272 - Sutfuric acid at 98 % (g) 140 140 140 140 140 140 140
"2<-0a Water (g) 1257 1257 1257 1257 1257 1257 1257
N < > ~ | D. Neutralization/Overbasing ’
OZ>020 carboxylic acid in xylene® 3045 4045 4045 3045 1544 3045 1544
ANO 2o Oo . Mmm KOH/g) 35 26.3 26.3 35 25.3 35 25.3
+ o N irst Slurry
A3 Eo>C Xylene 735 649 649 735 324 735 324
> Z2o=z3 Methanol _ 573 267 187 573 210 573 210

< o Z Lime 573 267 187 573 210 573 210
=S ® <90 Formic acid 14.65 11.8 11.8 14,65 5.4 0 0
>~ 322z Acetic acid 14.85 11.8 11.8 14.85 54 0 0
=40 o< CO; 192 70.6 39.6 192 95 192 95
n1U_ Z e = =0 Second Slu

o ] 28CoNa ity
m @) o o M pd Xylene , 145 0 0 145 100 145 100
6232 Z=1 Methanol 109 0 " 163 40 163 40
ANDGoD M X Lime 109 0 0 163 40 163 40
AT ooou Co, - . 128.4 0 0 173.5 21.8 154.7 21.8
NZOo Qg < pd Diluent oil 775 573 501 835 384 857 384
m ANA_UH o m ANn | ®Not the totality of Step 3, only che part.
> o : ’




Table .

ANALYSIS! mxmﬁﬁ._mm Comparative Examples
1 4 5 A B
A. Neutralization man
Conversion’
% alkylphenol (dialysis) 97 97 a7 80 97 97 97
B. Carboxyiation OON {g)
Acid hydroxybenzoic {mg XOI@ V1 68.0 68.0 68.0 85.0 68.0 68.0 88.0
vz 78.7 78.7 78.7 69.9 78.7 78.7 78.7
Alkyphenol + alkylphenate (mg KOH/g) 16.8 16.8 16.8 20.1 16.8 16.8 16.8
C. Acidification
Upper phase :
T.AN, {mg KOH/g) 35.0 26.3 26.3 35.0 25.3 35.0 25.3

OOOW9VOmM3m99950-4wmvbCo w W"MmCO NOD

cc2 ON W-JO)CD PCA95NJ 0O95J00 G.)rsCD N-+JO)CD -
ChnO O-iCo041 N+VO)CDNW9595J WWJOCPO
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Table Il

ANALYSIS? Examples Comparative Examples
1 2 3 4 5 A B
D. Overbasing
Pre-distiliation
% Crude Sediment {(128°C) (ASTM D2273) 1.2 0.2 0.2 1.6 1.2 8.0 6.0
Einat product
Sediment after flltration (vol %) { ASTM D2273) 0.02 0.01 0.01 0.02 0.02 0.02 0.02
Calcium (wt %) 12.5 7.23 5.52 13.03 12.42 12.18 11.86
BN {ASTM D2898) ﬁam KOH/g) 350 202 155 365 348 341 326
Viscosity at 100°C {mm®/s) (ASTM D445) 260 101 90.2 462 151 173 111
200 193 194 102 193 195 196
" Flash point {PMCC) °C (ASTM D83}
28.0 40.6 41.4 26.4 286 29.0 28.9

3VWO0)JO)ONOPOSWIN OWONM su NO)OIOVWN-IONO
-nv9 oZwmrnoo:onsyyc'3cwcQ 02'~3fImo'Op'NOo N Q:

000-~0)3mDrn33~~~Cl)vOov) A-Oa -iO aNN
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Table i,

- Calcium formiate + calcium acetate (wi%)

ANALYSIS' Examples Comparative Examples
1 2 3 4 5 A B

Composition thru dialysis | 5.1 6.2 6.1 58 6.4 6.9 6.3
Hydroxybenzoates
[expressed as hydroxybenzoic acid {wt %)] 3.0 8.7 10.8 4.3 34 1.9 2.4
Alkylphenates 28.3 13.6 9.6 29.4 27.7 27.2 254
[expressed as alkylphenol (wt %) 345 M7 30.8 33.0 33.9 35.0 37
Unreacted alkylpheno! (wt %)
Calcium carbonate (wt %)
Diluent ol (wt %) 1.1 1.2 1.3 1.1 1.1 Y, 0

N-700=PWNWONM x dat!JNOIVy NAW aO o) 0O0)0) W
OO NNCTONWA NsW-+O0to OfTANOk 6W OANNNO V N

NvWNNNW-SONOWTNON OOOONT-l NWOC)cu A-
-~-+W -.0 O) N
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OCOTW>NOdODNmM x WNo~N>00)p CD O-'Omt0) O000Cm
DXJN'"NX7cx0 ~mODag 3 1nNmxxO -~O3CDNjQ OSwa
~Na3.cpKNNNO2. +NtitaNL Nnc”"QNOoO(n 0jOco No
Nn OO WWNwW..O W-i cov

'ANALYTICAL DETERMINATION
A- NEUTRALIZATION OF ALKYLPHENOL
Conversion % alkylphenols
in a first step, the product obtained at the end of step A is dialyzed through a membrane:
5 the phenate salt stays inside the membrane and after elimination of the solvent, it is
weighted (M1).
Xylene and the unreacted alkylphenol move through the membrane xylene and the solvents
utilized are eliminated by vaporization, a weight M2 is obtained.

.% Conversion = ——-—Jyg— x 100
: MU+ M2
10 B. CARBOXYLATION:

The product obtained at the end of step B is ac:dlfied by hydrochloric acid, it is titrated by
tetra-n-butylammonium hydroxide.
Three inflexions points are observed: .
- The first two inflexion poinis (V1, V2] correspond to the hydroxybenzoic acid,
15 dicarboxylic acids and sulfurized benzoic acids.
- Third one V3 corresponds to alkylphenols + atkylphenate
V1, V2, V3 are expressed in mg KOHM/g of product.
C. ACIDIFICATION STEP UP PHASE: ‘
_ The level of hydroxybenzoic acid is determined through the method as above except no
20  acidification by hydrochloric acid because the product has already been acidified by sulfuric
acid.
Composition through dialysis
The method is the following:
1°} Dialysis of the final material
25¢ A “residue” (caicified part) stays inside the membrane
® Dialysate: non cafcified part (unreacted alkylphenol and diluent oil} moves through
' the membrane
2%y Analysis of residue
It contained calcium carbonate, Ca phenate, Ca sulfurized phenate, Ca hydroxybenzoate and
30  sulfurized Ca hydroxybenzoate. After elimination of solvent, the residue is weighted. After
acidification, the quantity of phenate and hydroxybenzoate are determined through a
potentiometric method, _
Determination of calcium carbonate. A known guantity of final product is acidified, the organic
phase contains hydroxybenzoic acld, alkylphenol and sulfurized derivatives thereof. After
35  elimination of solvent (of this organic phase), the guantity of calcium carbonate is obtained by
difference: weight of starting sample minus weight of this organic phase after elimination of
solvent and correction.
3°) Analysis of dialysate '
Diluent ofl and alkylphenols go through a silica column to separate alkyliphenols and diluent ol
40  Quantity of alkylphenols is determined by difference of weight.
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10

15

PERFORMANCE

Lubricating oil formulations (I and II) for automotive engine oil (AEO)
applications were prepared with Example 5 and Comparative Example B as.
shown in Table IV. The additive composition from Example 5 and Comparative
Example B were added according to the wt % indicated in Table IV. Each
formulation was examined in the ASTM D4684 MRV Test (Mini Rotary
Viscometer Test) grade 5W30 at - 35°C.

The ASTM D4684 MRV test is used to determine the viscosity of an oil after a
45-hour soak and cooling to test temperature by measuring the yield stress.
The test is used to evaluate pumpability and viscosity of engine oils at low

- temperatures. The test covers the measurement of the yield stress (0 <y < 35

max) and viscosity (60,000 cp max) of the engine oils after cooling at controlled
rates over a period not exceeding 45 hours to a final test temperature between
-10°C and -40°C. In the MRV test, an engine oil sample is held at 80°C and

then cooled at a proérammed cooling rate to a final test temperature. A low

torque is applied to the rotor shaft to measure the yield stress. A higher torque

is then applied to determine the apparent viscosity of the sample. The viscosity
measurement is made at shear stress of 525 Pa over a shear rate of 0.4 to 15

st
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A- NEUTRALIZATION OF ALKYLPHENOL Conversion % alkyiphenols In
a first step, the product obtained at the end of step A is dialyzed through a
membrane: 5 the phenate salt stays inside the membrane and after
elimination of the solvent, it is weighted (M1). Xylene and the unreacted
alkylphenol move through the membrane xylene and the solvents utilized
are eliminated by vaporization, a weight M2 is obtained. % Conversion =
M1 x 100 MI+M2 10 B. CARBOXYLATION: The product obtained at the
end of step B is acidified by hydrochloric acid, it is titrated by
tetra-n-butylammonium hydroxide. THeggdn¥lexions points are observed:

£ L T} - Ly VAN LI 7 0 (I 4+ laasel la H
Thefirsttwo mftexionmpoints (i, VV2)correspond-to-thehydroxybenzoic

acid, 15 dicarbox¥RMREB_MNNd sulfurized penzbiebssrinarRitd emauizion

corfesponds to alkylphenols + alkylphenat¢ VI, V2, V3 are expressed, in
mg|KOH/g of product. C. ACIDIFICATION ISTEP UP'PHASE: The levd of

hydrexyhsnéRic sl dEissiRIeRes, }hrougk the methpd as aboye except

no 20 acidification by hydrochloric acid beg¢ause the product has already
begrzamdifiridhospHatéc(wcith Compositign throughg$alysis The metbgd
is the following: 1 ) Dialysis of the final material 25 A "residue" {calcified

pary)SHTheienAte dibrane Dialysatg: non caledfed part (unreat@
alky l&?&?ﬂoﬁr}ghql')l; grn&gl%{noves throughi the me[m{)ane 1.40

Product of the invention®

Example 5 (wt %) 1.80

Comparative Example B (wt %) 1.93
Corrosion inhibitor (wt %) ' 0.40 0.40
Antifoam agent (wt %) 0.0030 0.0030
Viscosity index improver (wt %) 6.00 6.00
Base oil/Group [l (wt %) QSP100 QSP100
(Fortum)®

Performances analyses (ASTM 4684)

MRYV yieid stress O<y<35 35<y<70
pass | fail
MRV viscosity (cP) 30855 . 33780

“QSP - Quantity sufficient to provide 100 wt %
bQuantity of overbased calcium hydroxybenzoate load is such as it provides 56 millimole
calcium per kg of the Formulations For il

5 For Example 5, the calculation is the following:

40.08 x 56

__.lméf(.}m“ = 0.224 quantity of calcium required per liter

0.224 x 100

== 1 80% of overbased calcium hydroxybenzoate of Example 5.
12.42 %
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2) Analysis of residue It contained calcium carbonate, Ca phenate, Ca
sulfurized phenate, Ca hydroxybenzoate and 30 sulfurized Ca
hydroxybenzoate. After elimination of solvent, the residue is weighted.
After acidification, the quantity of phenate and hydroxybenzoate are
determined through a potentiometric method. Determination of calcium
carbéhateestlienciwiabjedNtitydiffiea dhapr bt ditvel difimgotitoorghthie present

carbBhatss iefod .
i e e N AR elaBile dprergen

the qtRiRRGOsIRAR RiieR8rBBRSR IO BRAMRRItb v feriBepdR Frusfcarbon
startgtgrasmplsenssasue il A1 NI pRRAPEAResaER SHdHRAERBRsed

olvent and, correction. 3) Analysis of dialysate Djluent oil and
B I B el S B AR ARl o s ogeparbonyiate
diluesatiilavit@ Gaendng ¢6 dbkylpheroisterdetermined by difference of
weight. 38 PERFORMANCE Lubricating oil formulations (I and II) for

automotive, engine oil (AE licatiqns were prep; reg wit@WEx mple5 =
o Bt aARR SRR i Lo R Keie AR formulaton
compbsitieifform Bkatiplé © 200 Cdlinpelestivel GurxasTilg & Wertoaddiedon.
according to the wt % indicated in Table IV. Each formulation was
examined in the ASTM D4684 MRV Test (Mini Rotary Viscometer Test)
grade 5W30 at - 35C. The ASTM D4684 MRYV test is used to determine

the viscosity of an oil after a 45-hour soak and cooling to test temperature
by measuring the yield stress. 10 The test is used to evaluate pumpability
and viscosity of engine oils at low temperatures. The test covers the
measurement of the yield stress (0 <y < 35. max) and viscosity (60,000

cp max) of the engine oils after cooling at controlled rates over a period

not exceeding 45 hours to a final test temperature between

41



-10C and -40C. In the MRV test, an engine oil sample is held at 80C and
15 then cooled at a programmed cooling rate to a final test temperature. A
low torque is applied to the rotor shaft to measure the yield stress. A
higher torque is then applied to determine the apparent viscosity of the
sample. The viscosity measurement is made at shear stress of 525 Pa
over a shear rate of 0.4 to 15 S'l1. 39 Table IV Component Lubricating Oll
Formulation 1 Il Polybutene bissuccinimide (wt %) 8 8 Zinc
dithiophosphate (wt %) 1.08 1.08 Calcium sulfonate (wt %) 1.36 1.36
Oxidation inhibitor (wt %) 1.40 1.40 Product of the inventions Example 5
(wt %) 1.80 Comparative Example B (wt %) 1.93 Corrosion inhibitor (wt
%) 0.40 0.40 Antifoam agent (wt %) 0.0030 0.0030 Viscosity index

CLAMMgover (wt %) 6.00 6.00 Base oil/Group Il (wt %) QSP100 QSP100
(Fortum)b Performances analyses (ASTM 4684) MRV yield stress 0<y<35
35<y<70 pass fail MRV viscosity (cP) 30855 33780 QSP - Quantity

1. suffigsess joopdepdfidgeyoverbased alkaline earth metal

alkylhydroxybenzoate, said process comprising overbasing an alkaline
earth metal alkylhydroxybenzoate or a mixture of alkaline earth metal
alkylhydroxybenzoate and up to 50 mole % of alkylphenol, based on the
total mixture of alkylhydroxybenzoate and alkylphenol, 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 having from one to four
carbon atoms and a solvent selected from the group consisting of aromatic
hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures
thereof.

2. The process according to Claim 1, wherein the process is carried out in

the absence of sulfur.

3. The process according to claim 1 or 2, wherein the process results in an
overbased alkaline earth metal alkylhydroxybenzoate having less than 3

volume % crude sediment.

4, The process according to any one of the preceding claims, wherein the
process results in an overbased alkaline earth metal alkylhydroxybenzoate

having less than 2 volume % crude sediment.

5. The process according to any one of the preceding claims, wherein the
process results in an overbased alkaline earth metal alkylhydroxybenzoate
having less than 1 volume % crude sediment.
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10.

11.

12.

13.

bQuantity of overbased calcium hydroxybenzoate load is such as it
provides 56 millimole calcium per kg of the Formulations t or Il. 5 For
Example 5, the calculation is the following: 40.08 x 56 10000 0.224
quantity of calcium required per liter 0.224 x 100 = 1.80% of overbased
calcium hydroxybenzoate of Example 5. 12.42 40 The results of Table IV
indicate that the additive composition of the present invention comprising
a calcium overbased alkylhydroxybenzoate detergent which contains at

leas one catkonyalesalt hawing o pne o o carbon atome, oy
improvgs VIScoSIty at IIO itlempgrature Versus a Caf&g.lm overbasgﬁeén ©

alkhyrerglalkatatccdete metevatighhgdesibe sooedinhateadtRidrom
carhoxyla | ébaving from one to four carbon atoms The calcium
overbased alkylhydroxybenzoate is utilized in the AEO formulation at a
level from about 15 to 200 millimoles calcium per kg of the formulation. 41

(ﬁﬁit?ngroteﬁsmcc@@t ﬁg@gr@p@dﬁ@ anthueshessdl @@Bm@%ﬂ?mﬁ%e
a rox zoate, s rQces mprising overhasing a ine
LD S LA B R N B2 R bk
allaployd 80§/ beddfate and up to 50 mole % of alkylphenol, based on the

total mixture of alkylhydroxybenzoate and alkylphenol, with a molar
excess of alkaline earth metal base and at least one acidic overbasin
mdBFRrArasR redehics ta ankasesidnaRiBeoMinacHAIRGINY € to
foun el ARamanhas et SRIBRIRIJIQBINS 810 WS ANBISHINeLRh

aromatic
about 100 to 250.

The process according to any one of the preceding claims, wherein the
overbased alkaline earth metal alkylhydroxybenzoate has a TBN from
about 140 to 230.

The process according to any one of the preceding claims, wherein the
alkaline earth metal is calcium or magnesium.

The process according to any one of the preceding claims, wherein the
alkaline earth metal is calcium.

The process according to any one of the preceding claims, wherein the
alkyl group of the alkylphenol is a linear or branched alkyl or a mixture of

linear and branched alkyl groups.

The process according to any one of the preceding claims, wherein the
alkyl group of the alkyiphenol is a linear alkyl group having from about 12
to 40 carbon atoms.
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14.

15.

16.

17.

18.

19.

20.

21.

hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures
thereof. 2. The process according to Claim 1, wherein the process is
carried out in the absence of sulfur. 3. The process according to claim 1
or 2, wherein the process results in an overbased alkaline earth metal
alkylhydroxybenzoate having less than 3 volume % crude sediment. 4.
The process according to any one of the preceding claims, wherein the
process results in an overbased alkaline earth metal

alkylhydroxybenzoate . haying less thap 2 volume % crude sediment. 5.
Tl R BE S FETID o Br hi 5 BRI ERIG SuE A e
pragkgsgresitsiithamtwisbasetislkdimeealityigeiabp having from about 12
alkylhydro ( ing less than 1.volume % crude.sediment. 42 6.
Tﬁgép%lggégé%ﬁcnégrﬁﬁ gg%%%g ﬁ;ﬂgsqg?%gopwec%%zl ﬁaoé}a#g%“ﬁﬁé‘ f&in the
overbased alkaline earth metal alkylhydroxybenzoate has a TBN from

abquie25@ te thBcdoriilig RHASRPSREGTHIBHIe AW @ AfbeMerading:
clairins wherein ;(Ié% civer ased alkaline earth metal alkylhydroxybenzoate

ha8 SYTEIRWR AT B AKABORBAEh 28 PRE G UR BRI TBRRPEHE
thetpBiredibgrekaivnss wherein the overbased alkaline earth metal
alkylhydroxybenzoate has a TBN from about 100 to 250. 9. The process
according to any one of the preceding claims, wherein the overbased

alkAlRPERFaS rRAGP HliRaHPROX PR 2h Slaimss T BR hercindie aliorko
23@rdih bR aRGhaRePISRGIARAXPIRATIRRPISSRAIN St HRINS carbon

wherein the
atoms.

The process according to any one of claims 1 to 12 and 16 wherein the
alkyl group of the alkylphenol is a branched alkyl group having from about
9 to 40 carbon atoms.

The process according to any one of claims 1 to 12, 16 and 17, wherein
the alky! group of the alkylphenol is a branched alkyl group having from
about 9 to 24 carbon atoms.

The process according to any one of claims 1 to 14, wherein the alkyl
group of the alkylphenol is selected from the group consisting of Cy4-Cs,
C16-C1s, C18-Can, Ca0-Ca2, Coo-Co4, C2o-Cas and Cop-Cog alkyl and mixtures
thereof, and is derived from normal alpha olefins.

The process according to any one of claims 1 to 12, wherein the alkyl
group of the alkylphenol is a mixture of linear alkyl having from about 20 to
30 carbon atoms and branched alkyl containing about 12 carbon atoms.

The process according to any one of the preceding claims, wherein the
-alkylphenol is up to 25 mole % of the total mixture of alkaline earth metal

alkylhydroxybenzoate and alkylphenol.
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22.

23.

24.

25,

206.

27.

28.

29.

30.

alkaline earth metal is calcium or magnesium. 11. The process according
to any one of the preceding claims, wherein the alkaline earth metal is
calcium. 12. The process according to any one of the preceding claims,
wherein the alkyl group of the alkylphenol is a linear or branched alkyl or
a mixture of linear and branched alkyl groups. 13. The process according
to any one of the preceding claims, wherein the alkyl group of the
alkylphenol is a linear alkyl group having from about 12 to 40 carbon

at?*fﬁ‘é;p”n‘?fcle‘és@&%cﬁ%ﬂﬁ&%?t%fé@;ﬁiﬁL}‘p%#ﬁm@%@%@fgf&fﬁ(ﬂﬁ%?%ﬂi@%ﬁﬁﬂés’

wherein the alkyl group o ylphenol'is a yl group having

fretkdpbanebisigritpchriapialones teriptal muMurrep alkne aaoh oretal
etgmgw%@m%gg@%@%wgéﬂgﬁgg any one of the preceding claims,
I

wherein the alkyl group of the alkylphenol is a linear alkyl group having
from about 18 to 30 carbon atoms. 16. The process according to any one
of demetasslacaohdirgridlzealge gfdbp pfebeditiqyiphiens vsharbiatiched
alkyl. gr i | . g a 17. The process according to
arl%l/)é Ic()%(g%?%?lg%{ms %ﬁgﬁ%?lgafr %v%%r‘ﬁ%fﬂ% alkyl group of the
alkylphenol is a branched alkyl group having from about 9 to 40 carbon

atues plScddiepranasmaseaidiogsopMepie diinE e Mhclbianskl?,

wherein the alkyl group of the alkylphenol is a branched alkyl group )
AU S50 S AL R SO DB oL et A onie
argeiheafptainsdido Hutymdackin dhe atistLigrotizeddhe alkylphenol is
selected from the group consisting of C14-C16, :

The process according fo any one of the preceding claims, wherein the

carboxylic acid is formic acid, acetic acid or mixtures thereof.

The process according to any one of the preceding C!ai-ms, wherein the

carboxylic acid is a mixture of formic acid and acetic acid.

The process according to claim 26, wherein the mixture of formic acid and
acetic acid is in a weight ratio from about 0.1:1 to 100:1, formic to acetic
acid.

The process according to claim 26 or 27, wherein the mixture of formic
acid and acetic acid is in a weight ratio from about 0.5:1 to 4:1, formic to

acetic acid.

* The process according to any one of claims 26 to 28, wherein the mixture
of formic acid and acetic acid is in a weight ratio of from about 0.5:1 to
2:1, formic to acetic acid.

The process according to any one of claims 26 to 29, wherein the mixture

of formic acid and acetic acid is in a weight ratio of about 1:1.
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31.

32.

33.

34.

35.

C16-C18, C18-C30, C20-C22, C20-C24, C20-C26 and C20-C26 alkyl and
mixtures thereof, and is derived from normal alpha olefins. 20. The
process according to any one of claims 1 to 12, wherein the alkyl group of
the alkylphenol is a mixture of linear alkyl having from about 20 to 30
carbon atoms and branched alkyl containing about 12 carbon atoms. 21.
The process according to any one of the preceding claims, wherein the
alkylphenol is up to 25 mole % of the total mixture of alkaline earth metal

alkyy draxsle Rt NPhRE Y fh pedlid @%&ﬁ%@m@nﬂt%

any one of the preceding claims, wherein the alkylphenol is up to 15 mole
0% BPIYRIIGEP AR BA0N ks URONTRINGIR YRS BeHIZ R Hiene,
alkyjehanalans; ZherHynershaceatingdaragyrnedf the preceding

claims, wherein the acidic overbasing material is carbon dioxide. 24. The
process according to any one of the preceding claims, wherein the
carisxyiiocrsg Reselditgddrany eaypd teqursieding slaivesicveitsifolingic
ACKLIDENRIAIGIBARE, IHAR ACELARANBRAN D AIARTRIndRProcess
according to any one of the preceding claims, wherein the carboxylic acid
is formic acid, acetic acid or mixtures thereof. 26. The process according

to @hy precekthequuadading aaymsedicheptbecdmidpekiticsasitdsen the

mié%{r% r?lj i%)rmr%%x%gi% %pd ?ecg(tei% %8% eth -rlt-hle process according to claim
26, HETeis the Mixtare dPiGHmic acid and acetic acid is in a weight ratio

from about 0.1:1 to 100:1, formic to acetic acid. 28. The process
ACROFAINLIER SR GQIWAha WS ERISIBEARIXBHE of iREpiecatithgathpestic

acid Is in a weight ratio from about 0.5:1 to 4:1, formic to acetic acid.

A process for preparing an overbased alkaline earth metal

alkythydroxybenzoate, said process comprising:

a) Reacting alkylphenol with an alkali metal base to produce an alkali
metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a) with
carbon dioxide so that at least 50 mole % of the starting alkylphenol

has been converted to an alkali metal alkylhydroxybenzoate;

¢) Acidifying the aikali metal alkythydroxybenzoate obtained in step b)
with an aqueous solution of a strong acid to produce an
alkylhydroxybenzoic acid;

d) Contacting the alkyihydroxybenzoic acid in step c) with at least one

carboxylic acid having from about one to four carbon atoms;

e) -Neutralizing the mixture of alkythydroxybenzoic acid and the at least
one carboxylic acid from step d) with an alkaline earth metal base and

at least one solvent selected from the group consisting of aromatic
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36.

37.

38.

39,

40.

41.

29. The process according to any one of claims 26 to 28, wherein the
mixture of formic acid and acetic acid is in a weight ratio of from about
0.5:1to 2:1, formic to acetic acid. 30. The process according to any one
of claims 26 to 29, wherein the mixture of formic acid and acetic acid is in
a weight ratio of about 1:1. 45 31. The process according to any one of
the preceding claims, wherein the solvent is selected from the group
consisting of xylene, methanol, toluene, cyclohexane, 2-ethylhexanol, and

mixt , 2 QGRED AGEUHL f ng
Cmni??,&ﬁggﬁg Fhéé aslc‘)gll\%ﬂ% IS xylene, m@hﬁﬁ%%ﬁgfﬁégﬁo E)Eriﬁpég

mixtufe aebridfonn amalkrbcepdbonrinigpll anydsmeybenmple e g
claim@agheriniigiRobaR iharmbduse Bfixyiane and gigfhanol. 34. A

product produced by the process of any one of the preceding claims. 35.
A process for preparing an overbased alkaline earth metal

al_fézl@mm&gmejl@idmm&smthaWeoﬂbeuﬁngwmmemw
wit | | ,

Car R e R BRI RN BF Ea ono
carbdtdieayehasing materiaalio theleresencrcstheing laihst sinenalkalns
beencopyariaditoAB a4l m@da@é%m%@wfgﬁe@%@mi@ﬁée&we

alkali metal alkylhydroxybenzoate obtained in step b) with an aqueous
solutf6ABfacEIE saass!1e 8 ccometingsarscypenzalichai d)
Contagingchidche/IRsHexRRILia AdiFhiRusteR Mapiibrat least one

carboxylic acid having from about one to four carbon atoms; e)
Neutralizing the mixture of alkylhydroxybenzoic acid and the at least
The process of claim 35, further comprising eliminating the excess

solvents and crude sediments.

The process according to claim 35 or 36, wherein the process is carried

out in the absence of sulfur.

The process according to any one of claims 35 to 37, wherein the process
results in an overbased alkaline earth metal alkylhydroxybenzoate having
less than 3 volume % crude sediment.

The process according to any one of claims 35 to 38, wherein the process
results in an overbased alkaline earth metal alkylhydroxybenzoate having

less than 2 volume % crude sediment.

The process according to any one of claims 35 to 39, wherein the process
results in an overbased alkaline earth metal alkythydroxybenzoate having
less than 1 volume % crude sediment.

The process according to any one of claims 35 to 40, wherein the
overbased alkaline earth metal alkylhydroxybenzoate has a TBN from
about 250 to 450.
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42.

43.

45.

46.

47.

48,

49.

one carboxylic acid from step d) with an alkaline earth metal base and at
least one solvent selected from the group consisting of aromatic 46
hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures
thereof, to form an alkaline earth metal alkylhydroxybenzoate and at least
one alkaline earth metal carboxylic acid salt; and f) Overbasing the
alkaline earth metal alkylhydroxybenzoate from step (e) with a molar
excess of alkaline earth metal base and at least one acidic overbasing

mategia! rbﬁé%ymaﬁ]da&aﬂs@té?.%sapas;ﬁ%aé@?%%%r%ﬁé%@mﬂ@oxyhc

acid salt from step e) and a solvent selected from the group consisting of
aroRvaiBasRAG kApRCatbaatal Aybusitad anerial EstsorsT Bhtfrom
mixipes thenaaf486. The process of claim 35, further comprising
eliminating the excess solvents and crude sediments. 37. The process
according to claim 35 or 36, wherein the process is carried out in the
abs"éhee)rﬁ(aﬂamseewfm toracyssnacsioctiige@any daewhetaimthas to

S sul r
R B L B S R oy
Theaprsde§decdhBing to any one of claims 35 to 38, wherein the process
results in an overbased alkaline earth metal alkylhydroxybenzoate having

Ies an 2 volume 0/ rude sediment. 40. The process accordjng, to any
gl e e S R T
alkaimtemm memmmmmemmdmaymmam by
crugg t The process according to any one of claims 35 to 40,

whérain he ove ased alkaline earth metal alkylhydroxybenzoate has a
TBN from

The process according to any one of claims 35 to 44, wherein the alkaline

earth metal is calcium or magnesium.

The process according to any one of claims 35 to 45, wherein the alkaline

earth metal is calcium.

The process according to any one of claims 35 to 46, wherein the alkyl
group of the alkylphenol is a linear or branched alkyl or a mixture of linear
and branched alkyl groups.

The process according to any one of claims 35 to 47, wherein the alkyl
group of the alkylphenol is a linear alky! group having from about 12 to 40
carbon atoms.

The process according to any one of claims 35 to 48, wherein the alkyl
group of the atkylphenol is a linear altkyl group having from about 12 to 40

carbon atoms derived from the polymerization of ethylene.
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50.

51.

52.

53.

54.

53.

56.

57.

about 250 to 450. 47 42, The process according to any one of claims 35 to
41, wherein the overbased alkaline earth metal alkylhydroxybenzoate has
a TBN from about 300 to 400. 43. The process according to any one of
claims 35 to 42, wherein the overbased alkaline earth metal
alkylhydroxybenzoate has a TBN from about 100 to 250. 44. The process
according to any one of claims 35 to 43, wherein the overbased alkaline
earth metal alkylhydroxybenzoate has a TBN from about 140 to 230. 45.

Th?k@%?&ééé."&@é@%@@%n@%@fcﬁ*%lﬁﬁé%hotéﬁé’vw&‘&mﬂ@'ﬁy‘

earth metal is calcium or magnesium. 46. The process according to an
on8'BHeIgfiReay piscRm dsair e aativiharcsirhavieiierabeih 1570 30
Thespresessaecording to any one of claims 35 to 46, wherein the alkyl
group of the alkylphenol is a linear or branched alkyl or a mixture of linear
and branched alkyl groups. 48. The process according to any one of
claline 3% ee 7 aofesckng theanikyingroligaintb S&lkywhenbkiein lihe arlglkyl
ar § t o]¢
o R e R SR P ST grapor
alldfRenol is a linear alkyl group havmg from about 12 to 40 carbon
atoms derived from the polymerization of ethylene 48 50. The process

a rd|n to an one ofcalms 35to0 Wher the roup of the
S D o S IR, SRR ALt Wherein the

alkyl group of the aEkyEphenol is a branched aEkyE group having from about
910 40 carbon atoms.

The process according to any one of claims 35 to 47, 51 and 52, wherein
the alkyl group of the alkylphenol is a branched alkyl group having from
about 9 to 24 carbon atoms,

The process according to any one of claims 35 to 49, wherein the alkyl
group of the alkylphenol is selected from the group consisting of C14-Cs,
C16-Cas, C18-Cao, C20-Caz, Ca0-Ca4, C20-Cps and Co0-Cag alkyl and mixtures
thereof, and is derived from normal alpha olefins.

The process according to any one of claims 35 to 47, wherein the alkyl
group of the alkylphenol is a mixture of linear alkyl having from about 20 to
30 carbon atoms and branched alkyl containing about 12 carbon atoms.

The process according to any one of claims 35 to 55, wherein the
alkylphenol is up to 25 mole % of total mixture of alkaline earth metal
alkylhydroxybenzoate and alkylphenol.

The process according to any one of claims 35 to 56, wherein the
alkylphenol is up to 15 mole % of total mixture of alkaline earth metal

alkylhydroxybenzoate and aikylphenol.

49



carbon atoms. 51. The process according to any one of claims 35 to 47,
wherein the alkyl group of the alkylphenol is a branched alkyl group
having at least 9 carbon atoms. 52. The process according to any one of
claims 35 to 47 and 51 wherein the alkyl group of the alkylphenol is a
branched alkyl group having from about 9 to 40 carbon atoms. 53. The
process according to any one of claims 35 to 47, 51 and 52, wherein the
alkyl group of the alkylphenol is a branched alkyl group having from about

58.9 to13fk: BRI T8 BFRSSIRESRAIRG 18 87Y \ORE 8RS RR:

to 49, wherein the alkyl group of the alkylphenol is selected from the
groQ¥EbARsIEs R Irealdsceasbaniasitle. C18-C30, C20-C22, C20-C24,
C20-C26 and C20-C28 alkyl and mixtures thereof, and is derived from

| ' T, di f.claims 35
I e L A O R L TS
havisgtieemiiapeitt izceleded fwprirgraanebbristiipdfakyticontainfognic

aboytid 2 BHRORMALMRS bﬁ?};rﬂ‘&eﬂi PQﬁEMQ&Wé’éQHé@FV one of claims

35 to 55, wherein the alkylphenol is up to 25 mole % of total mixture of
alkaline earth metal alkylhydroxybenzoate and alkylphenol. 57. The

60. prodéssprocesdingdording dneief caéns daitaSe5uheEintiecmphenol
iSu 5 mole.%. of total mixture of.alkaline earth metal _
A e o R Rl SR AR A Dieratonding to

any one of claims 35 to 57, wherein the acidic overbasing material is

61.carlypg gieddes a8:JiamBrRrany 8ResANEILEY BNsookiiaizsm #Reto 58,

wherein the . ) .. . .
carboxylic acid is a mixture of formic acid and acetic acid.

62.  The process according to claim 61, wherein the mixture of formic acid and
acetic acid is in a weight ratio from about 0.1:1 to 100:1, formic to acidic
acid.

63.  The process according to claim 61 or 62, wherein the mixture of formic
acid and acetic acid is in a weight ratio from about 0.5:1 to 4:1, formic to
acidic acid.

64. The process according to claim 61, 62 or 63 wherein the mixture of formic
acid and acetic acid -is in a weight ratio of from about 0.5:1 to 2:1, formic
to acetic acid.

65. The process according to any one of claims 61 to 64, wherein the mixture

of formic acid and acetic acid is in a weight ratio of about 1:1.

66.  The process according to any one of claims 35 to 65, wherein the solvent
is selected from the group consisting of xylene, methanol, toluene,

cyclohexane, 2-ethylhexanol, and mixtures thereof.
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67.

68.

69.

70.

carboxylic acid is selected from the group consisting of acetic acid, formic
acid, propionic acid, butyric acid, and mixtures thereof. 60. The process
according to any one of claims 35 to 59, wherein the carboxylic acid is
formic acid, acetic acid or mixtures thereof. 61. The process according to
any one of claims 35 to 60, wherein the carboxylic acid is a mixture of
formic acid and acetic acid. 62. The process according to claim 61,
wherein the mixture of formic acid and acetic acid is in a weight ratio from

abqlﬂé)p%bé@,slgec%ﬂﬂ%%@ EhgQRie oreii3- R BIECRAS AT AEI R8Nt

clajm Gﬁl or 62, wherein_the mixture of formic acid and acetic acid is in a
wel§rVI8R8 fEahapsh b ehyideranah A aistKerIBY&a!- 64. The process

according to claim 61, 62 or 63 wherein the mixture of formic acid and

acq’fh?e Sd§§Q gcwsaaﬂ rsg Hﬂ%@%%%%ﬁa {9 871\J952§ fﬁ PESHE nt

acid The process a cor to any one of claims 61 to erein
the‘s?rﬁ%ifﬂ}?ﬁu'iﬁ ebrivienscrndrinetibenelacid is in a weight ratio of about 1:1.
66. The process accordlng to any one of claims 35 to 65, wherein the

solyent is select m the group consisting of xylepe, m
toIaieR'(‘aoC'S%:I)(/:c{;a orr?é? it &]‘?%{gﬁ%ﬁgl aﬁﬁyr%’&ﬁﬁ&[%ﬂ%% gb%% The
process according to any one of claims 35 to 66, wherein the solvent is

xylﬂrﬁo@@mpbr@%@gﬁw&ﬁﬁmwkﬁﬁﬂa%&ﬁ Rtdihe process

according to any one of claims 35 to 67, wherein the solvent is a mixture
of JRHYdryhezan @@‘%WR?&?&%HM@@EHEW the process of any

one of claims 35 to 68. 70. A process for preparing an overbased alkaline
earE.;S] lIEQSQting alkylphenol with an alkali metal base to produce an alkali
metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a) with
carbon dioxide so that at least 50 mole % of the starting alkylphenol

has been converted to an alkali metal alkylhydroxybenzoate:

c) Acidifying the alkali metal alkylhydroxybenzoate obtained in step b)
with an aqueous solution of a strong acid to produce an
alkylhydroxybenzoic acid;

d) Neutralizing the alkylhydroxybenzoic acid from step c) with a molar
excess of an alkaline earth metal base and at least one solvent
s’elec_ted from the group consisting of aromatic hydrocarbons, aliphatic
hydrocarbons, monoalcohols and mixtures thereof to form an aikaline
earth metal alkylhydroxybenzoate;

e) Contacting the alkaline earth metal alkylhydroxybenzoate and alkaline
earth metal base from step d) with at least one carboxylic acid having
from about one to four carbon atoms in the presence of a solvent

selected from the group consisting of aromatic hydrocarbons, aliphatic
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71.

72.

73.

74.

75.

76,

alkylhydroxybenzoate, said process comprising: a) Reacting alkylphenol
with an alkali metal base to produce an alkali metal alkylphenate; b)
Carboxylating the alkali metal alkylphenate obtained in step a) with
carbon dioxide so that at least 50 mole % of the starting alkylphenol has
been converted to an alkali metal alkylhydroxybenzoate; c) Acidifying the
alkali metal alkylhydroxybenzoate obtained in step b) with an aqueous
solution of a strong acid to produce an alkylhydroxybenzoic acid; d)

Neutraligiag terlkylvaialbs RSRICARIG IR SIEM SN AR mixture

excess of an alkaline earth metal base and at least one solvent selected
from the' GSaINGFRILE Rl Al BYERYPS PRI 3 R dgst one alkaline

hydrocathtinmetrealeotiils and saktuies thereof to form an alkaline
earth metal alkylhydroxybenzoate; e) Contacting the alkaline earth metal

alkylhydroxybenzoate and alkaline earth metal base from step d) with at

lead) oﬁé’@ﬁ?%ik‘ﬂiH"&c@d}kﬁ&i}mgaﬁbrﬁlat?é@!‘ﬁfﬁeywwubmbemétom§tgp e)
the pregRRce PbmPevss 3f18HEhEUR e YR LoDsISENY RERIURA UG idic

hydrocarbons, aliphatic 51 h)é?lrocarbons, monoalcohols, and mixtures

thereoPY§HARING mztara! 81 Hiranraseasthohtha a lgasy arsxpiainsgarth

and at {pastiopesdkainacresttmeinl sapexwiriacichralht akbied from the
OverbasinlgPthe alkaline earth metal alkylhydroxybenzoate from step e)

with a HIGHP ER05ELIBE Ak airaalicRYFac NS AP halicRYdosabens.

overbasivgonrishslkireie niaseaseeirtg. at least one alkaline earth
metal carboxylic acid salt from step e) and a solvent selected from the

grouE‘ consisting of aromatic hydrocarbons, aliphatic hydrocarbons,
The process of claim 70, further comprising eliminating the excess

solvents and crude sediments.

The process according to any one of claims 70 to 71, wherein the process
is carried out in the absence of sulfur.

The process according to any one of claims 70 to 72, wherein the process -
results in an overbased alkaline earth metal alkylhydroxybenzoate having
fess than 3 volume % crude sediment.

The process according to any one of claims 70 to 73, wherein the process
results in an overbased alkaline earth metal alkythydroxybenzoate having
less than 2 volume % crude sediment.

The process according to any one of claims 70 to 74, wherein the process
results in an overbased alkaline earth metal alkylhydroxybenzoate having
less than 1 volume % crude sediment.

The process according to any one of claims 70 to 75, wherein the
overbased alkaline earth metal alkylhydroxybenzoate has a TBN from
about 250 to 450.
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77.

78.

79.

80.

81.

82,

83.

84.

monoalcohols, and mixtures thereof. 71. The process of claim 70, further
comprising eliminating the excess solvents and crude sediments. 72. The
process according to any one of claims 70 to 71, wherein the process is
carried out in the absence of sulfur. 73. The process according to any one
of claims 70 to 72, wherein the process results in an overbased alkaline
earth metal alkylhydroxybenzoate having less than 3 volume % crude
sediment. 74. The process according to any one of claims 70 to 73,

WhETRINHaR YO cRESraRsylis 4mp0 Y BMAsRIAHAIN & ahdnGtAhe
alkélh rox%é)ergaoate having less than 2 volume % crude sediment. 75.
Vs

Th iR s AHeondyiesd enzoatshaen RN fssass

resaiisub 300agetbased alkaline earth metal alkylhydroxybenzoate having
less than 1 volume % crude sediment. 76. The process according to any
one of claims 70 to 75, wherein the overbased alkaline earth metal

alky g doeassHesREingta FmneRemf alisbus MDte 450visxgin. thae

Prases®as6a IR ARHANRRACHNR YR RYBSIEINAS, PERIbASRD

alkaline earth metal alkylhydroxybenzoate has a TBN from about 300 to
406098t A4 B}&ﬁgss according to any one of claims 70 to 77, wherein the
overbased alkaline earth metal alkylhydroxybenzoate has a TBN from

ab r cecording t e Qf claims 70 to

R e e B A BB B s

a TBRriasedalbatinaeadizamkial alkylhydroxybenzoate has a TBN from
about 140 to 230.

The process according to any one of claims 70 to 79, wherein the alkaline

earth metal is calcium or magnesium.

The process according to any one of claims 70 to 80, wherein the alkaline

earth metal is calcium.

The process according to any one of claims 70 to 81, wherein the alky!
group of the alkylphenol is a finear or branched alkyl or a mixture of linear
and branched alkyl groups.

The process according to any one of claims 70 to 82, wherein the alkyl
group of the alkylphenol is a linear alkyl group having from about 12 to 40
carbon atoms.

The process according to any one of claims 70 to 83, wherein the alkyl
group of the alkylphenol is a linear alkyl group having from about 12 to 40
carbon atoms derived from the polymerization of ethylene.
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85.

86.

87.

88.

89.

80.

91.

92.

80. The process according to any one of claims 70 to 79, wherein the
alkaline earth metal is calcium or magnesium. 81. The process according
to any one of claims 70 to 80, wherein the alkaline earth metal is calcium.
82. The process according to any one of claims 70 to 81, wherein the alkyl
group of the alkylphenol is a linear or branched alkyl or a mixture of linear
and branched alkyl groups. 83. The process according to any one of
claims 70 to 82, wherein the alkyl group of the alkylphenol is a linear alkyl

9ree B?HE%%QQ%%@C@&H%%&%P&Q@Q"ﬁé-té‘bﬂ,%@@ﬁ?% alkyl

according to an¥ laims 70 to 83, wherein the alkyl group of the
aII%VFﬂHéﬁBF@ a M@%R&!@MWH&%[-WBMQQ%WQ%‘b&ﬁ to 30

aterpsieHysgdrom the polymerization of ethylene. 53 85. The process
according to any one of claims 70 to 84, wherein the alkyl group of the
alkylphenol is a linear alkyl group having from about 18 to 30 carbon
atdims pBecaseanadisgieconyingechniaome 60 dafds whaerthetalkyin
the,alkyl ' r i
B B M LB By
to ¥2raRd 86 wherein the alkyl group of the alkylphenol is a branched
alkyl group having from about 9 to 40 carbon atoms. 88. The process

di f clai { , in .the alkyl
orS 1 Bl E RRAERGIES CADRERE ERIT Gl o R BB 4N
Z%Uadmmomﬁﬁa@mmmpmﬂéssaamomhag wighgrovg dbeiagsord dbout
8% Y262 bS5 Al hns.

The process according to any one of claims 70 to 82, 86 and 87, wherein
the alkyl group of the alkylphenol is a branched alky! group having from
about 9 to 24 carbon atoms.

The process according to any one of claims 70 {o 84, wherein the alkyl
group of the alkylphenol is selected from the group consisting of C14-Cys,
C15'C13‘ C13'~C3{}, Cz(}-sz, 020“024, ng*Cge and Cg{}*ng 8'kYi and mixtures

thereof, and is derived from normal alpha olefins.

The process according to any one of claims 70 to 82, wherein the alkyl
group of the alkylphenol is a mixture of linear alkyl having from about 20 to

30 carbon atoms and branched alkyl containing about 12 carbon atoms.

The process according to any one of claims 70 to 90, wherein the
alkylphenol is up to 25 mole % of total mixture of alkaline earth metal

alkylthydroxybenzoate and alkylphenol.

The process according to any one of claims 70 to 91, wherein the
alkylpheno! is up to 15 mole % of total mixture of alkaline earth metal

alkylhydroxybenzoate and alkylphenol.
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93.

94.

95.

96.

- 97.

08.

99,

100.

101.

group of the alkylphenol is selected from the group consisting of C14-C16,
C16-C18, C18-C30, C20-C22, C20-C24, C20-C26 and C20-C28 alkyl and
mixtures thereof, and is derived from normal alpha olefins. 90. The
process according to any one of claims 70 to 82, wherein the alkyl group
of the alkylphenol is a mixture of linear alkyl having from about 20 to 30
carbon atoms and branched alkyl containing about 12 carbon atoms. 91.
The process according to any one of claims 70 to 90, wherein the
alkyfihsrRkissuri ARG el 24y b etar Mibse Af /)kingrrash BeAkidic
alkylhydroxybenzoate and alkylphenol. 92. The process according. to any
on@VEFRAsINE FERr8t ISHERIA HeXAkylphenol is up to 15 mole % of total
mixture of alkaline earth metal alkylhydroxybenzoate and alkylphenol 54

93@@%@ a&,%fearﬁg;gﬁtig A n@&%ﬁeﬁtﬂi@?@@»,gauhﬁtﬂ&heiﬂéhe

acidic overbasing mate rbon dioxide. he process according

to G oORdiepeidifisereatedIdromdhevinen convsiing afiddetiseimide doimoin
th%amtm&ﬁaﬁiéwfb@&fﬁ@ &G4, ApiiniGxRfrEs RRGRLARIC acid, butyric
0

acid, and mixtures thereof. 95. The process according to any one of
claims 70 to 94, wherein the carboxylic acid is formic acid, acetic acid or
miXheesdbessaicOtrditng tprangssacniochings 7 oty dhewifalaimisiZ0 to 95,
w i ar i id is, a mixture of formig acid and acetic acid. 97.
T O SA e e R IRE B i acid anc
acetic acid is in a weight ratio from about 0.1:1 to 100:1, formic to acetic

acih@Brodes P EReDPaiAGRB HiPdABY PamS T80 Wherkinviy ein the
mixture o{_ formic acid and acegifc acid is i,g a weight ratio from about 0.5:1
to(Zﬁi,oxy ic acid is a mixture of formic acid and acetic acid.

The process according fo claim 96, wherein the mixture of formic acid and
acetic acid is in a weight ratio from about 0.1:1 to 100:1, formic to acetic
acid.

The process according to any one of claim 96 or 97, wherein the mixture
of formic acid and acetic acid is in a weight ratio from about 0.5:1 to 4:1,

formic to acetic acid.

The process according to any one of claims 96 to 98, wherein the mixture
of formic acid and acetic acid is in a weight ratio of from about 0.5:1 to
2:1, formic to acetic acid. '

The process according to any one of claims 96 to 99, wherein the mixture

of formic acid and acetic acid is in a weight ratio of about 1:1.

The process according to any one of claims 70 to 100, wherein the solvent
is selected from the group consisting of xylene, methanol, toluene,

cyclohexane, 2-ethythexanol, and mixtures thereof.
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formic to acetic acid. 99. The process according to any one of claims 96 to
98, wherein the mixture of formic acid and acetic acid is in a weight ratio
of from about 0.5:1 to 2:1, formic to acetic acid. 100. The process
according to any one of claims 96 to 99, wherein the mixture of formic
acid and acetic acid is in a weight ratio of about 1:1. 101. The process
according to any one of claims 70 to 100, wherein the solvent is selected
from the group consisting of xylene, methanol, toluene, cyclohexane,

102.2-athyiberane Redmbdusadhesgelo8e 7hPrasesharSArdieSEvent

any one of claims 70 to 101, wherein the solvent is xylene, methanol,
2-&npisaerpetBrnk el s arol 0. hdysescbesaricording to any

one of claims 70 to 102, wherein the solvent is a mixture of xylene and

1 os_m‘%‘ﬁ%’%%b%%%-_ é}% gcﬂHQEBrQH# G BY S RLOFGIS. %é‘%ﬁ&%i‘%ftﬁ'é‘%?ve?t

70 1o 10: ricating ofl composition comprising a major amount 0
a sdwnturelgbrienyandomsityansd. a minor amount of an overbased
alkaline earth metal alkylhydroxylbenzoate prepared by the process

comprising, overbasing an alkaline earth metal alkylhydroxybenzoate or a
104, RS B ErCREI GHRN, BAFSE. A8 BPRITh B Ghprmole
% of alkylphenol, based on the total mixture of alkylhydroxybenzoate and

105.a|W'W@Qi&ﬂ&@l%&ﬂ%sﬁﬁ?%%%ﬁ%ﬁﬁ@‘&l Rair BRRlRaEauleYPeR

dioxide in presence of at least one carboxylic acid having from one to four

caliraitiayisresiisane it BRI thay Rysihaseslsikglipe earth
argresdicalRyFRIFA M 2 aRAbE by A Iee provReaephsIRd
mixtures thereof. 106. A lubricating oil composition comprising a major
arﬁgﬁfi’?ﬁ’ﬁ%ﬁgé’%ﬁme earth metal alkylhydroxybenzoate or a mixture of
alkaline earth metal alkylhydroxybenzoate and up to 50 mole % of
atkylphenol, based on the total mixture of alkylhydroxybenzoate and
alkylphenol, with a molar excess of alkaline earth metal base and carbon
dioxide in presence of at least one carboxylic acid having from one to four
carbon atoms and a solvent selected from the group consisting of aromatic
hydrocarbons, aliphatic hydrocarbons, monoalcohols, and mixtures

thereof.

106. A'lubricating oil composition comprising a major amount of a base oil of
lubricating viscosity and a minor amount of an overbased alkaline earth

metal alkylhydroxybenzoate prepared by the process comprising:

a) Reacting alkylphenol with an alkali metal base to produce an alkali
metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a) with

carbon dioxide so that at least 50 mole % of the starting alkylphenol

has been converted to an alkali metal atkylhydroxybenzoate;
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107.

lubricating viscosity and a minor amount of an overbased alkaline earth
metal alkylhydroxybenzoate prepared by the process comprising: a)
Reacting alkylphenol with an alkali metal base to produce an alkali metal
alkylphenate; b) Carboxylating the alkali metal alkylphenate obtained in
step a) with carbon dioxide so that at least 50 mole % of the starting
alkylphenol has been converted to an alkali metal alkylhydroxybenzoate;
56 c¢) Acidifying the alkali metal alkylhydroxybenzoate obtained in step b)

With) an aaHeRkS R kR HAAPRARTIDIYPEAIHSE Hbtained in step b)

alkylhydroxybenzoic acid; d) Contacting the alkylhydroxybenzoic acid in
step Y {ARAMLEREQUTHEPILHRIHRY ReSHABhAGIA JHRIIRCAsE ADbNe to four

carbog| g Sybentmtizagthe mixture of alkylhydroxybenzoic acid and
the at least one carboxylic acid from step d) with an alkaline earth metal

base and at least one solvent selected from the group consisting of

argin&kuntagtinerthe iy BiprendRpdnicadio s seormakithaldeasicone
mixtutes, IERROLAR I 'K?‘HBS&%H&%%%%HW nzoate

and at least'one alkaline earth metal carboxylic a t; and f)’
Overbasing the alkaline earth metal alkylhydroxybenzoate from step e)

with) eNaolailiekeg dscofrlkalinefedkibhngiakjiase-ataidensd e adishet
overbasin aterjal in the presence, of the at least one alkalin rth
ot S SATHE R A Ty S5 S AR alfalnE St B an
groupat drests g cobrent sstbeicyekidoamt tres gatiph atio Sigtinaraf aoms atic
monoga| i f LA icati il osition
CompREeARE, TIBHARE HRatidhs AR, SRRRllReS
minortagiethtoefairove dhshidetiaiin enetatiatkylhydroxybenzoate and at

least one alkaline earth metal carboxylic acid salt; and

f) Overbasing the alkaline earth metal alkylhydroxybenzoate from step e)
with a molar excess of alkaline earth metal base and at least one acidic
overbasing material in the presence of the at least one alkaline earth
metal carboxylic acid salt from step e) and a solvent selected from the
group consisting of aromatic hydrocarbons, aliphatic hydrocarbons,

monoalcohols, and mixtures thereof.

A lubricating oil composition comprising a major amount of a base oil of
lubricating viscosity and a minor amount of an overbased alkaline earth

metal alkylhydroxybenzoate prepared by the process comprising:

a) Reacting alkylphenol with an alkali metal base to produce an alkali
metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a) with

carbon dioxide so that at least 50 mole % of the starting alkylphenol

has been converted to an alkali metal alkylhydroxybenzoate;
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108.

metal alkylhydroxybenzoate prepared by the process comprising: a)
Reacting alkylphenol with an alkali metal base to produce an alkali metal
alkylphenate; b) Carboxylating the alkali metal alkylphenate obtained in
step a) with carbon dioxide so that at least 50 mole % of the starting
alkylphenol has been converted to an alkali metal alkylhydroxybenzoate;
57 c) Acidifying the alkali metal alkylhydroxybenzoate obtained in step b)
with an agueous solution of a strong acid to produce an
alkylhydroxybenzoic acid; d) Neutralizing the alkylhydroxybenzoic acid
from step c) with a molar excess of an alkaline earth metal base and at

le&dt dMaciienhealkalbmnaishalielbyd iprbrbirainig ebtatiadtia step b)
hydragarPeRSiRIRIRIIS YR eRD RS NG ABRAIEPHBIFu AR d ixtures

thereof, to form an alkaline earth metal alkylhnydroxybenzoate; e)
Cont&HG AR XMRaRRe R dnetal alkylhydroxybenzoate and alkaline

earth metal base from step d) with at least one carboxylic acid having

IR R e B S G

onsisting of aromatic hydroc ns, aliphatic
hydroesreshsf moabubonssrthrnetakhase anstedicastome sohirntre of

alkaligggarth msiabadkylbydroxyorpzoate aadakieashans,alkalnesALR:

metal carboxylic acid salt; and f) OverBasing the alkaline earth métal”

alkyIHMRsEABARS atearORcRbls) andixtwbRs Beceet & xalias atkakine

metabhpgerodiEdigaT) @ asidiso g¢erbasing material in the presence of
the at least one alkaline earth metal carboxylic acid salt from step e) and

a solvent selected from the group consisting of aromatic hydrocarbons,
alph&entgciogdhsoalikaline earth metal alkyihydroxybenzoate and alkaline

earth metal base from step d) with at ieast one carboxylic acid having
from about one to four carbon atoms in the presence of a solvent
selected from the group consisting of aromatic hydrocarbons, aliphatic
hydrocarbons, monoaicohols, and mixtures thereof, to form a mixture
of atkaline earth metal alkylhydroxybenzoate and at least one alkaline
earth metal carboxylic acid salt; and

f) Overbasing the alkaline earth metal alkylhydroxybenzoate from step e)
with a molar excess of alkaline earth metal base and at least one acidic
overbasing material in the presence of the at least one alkaline earth
metal carboxylic acid salt from step e) and a solvent selected from the
group consisting of aromatic hydrocarbons, aliphatic hydrocarbons,
monoaicohois, and mixtures thereof.

A method of improving the low temperature purhpa_bility of a lubricating
oil composition in an internal combustion engine, said method
comprising operating the internal combustion engine with a lubricating
oil composition comprising a major amount of a base oil of lubricating

viscosity and a minor amount of an overbased alkaline earth metal
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108.

monoalcohols, and mixtures thereof. 108. A method of improving the low
temperature pumpability of a lubricating oil compaosition in an internal
combustion engine, said method comprising operating the internal
combustion engine with a lubricating oil composition comprising a major
amount of a base oil of lubricating viscosity and a minor amount of an
overbased alkaline earth metal 58 alkylhydroxylbenzoate prepared by the
process comprising overbasing an alkaline earth metal

oo iniing overbasig
alky oxybenzoate a mole % of alkylphenol, based on the
Ak b Y e s
exceastbinadialinbghiroxgtedroasianddahanSiaxicle 1 of etiencraricat
least one,carbhoxylic acid having f one to four_carbon_at nd
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and a minor amount of an overbased alkaline earth metal
alkﬁﬁﬁf(ﬁ%&ybenzoate prepared by the process comprising: a) Reacting
alkylphenol with an alkali metal base to produce an alkali metal

SR AU sl D A o

alkybesibbrhisdretecoalvestotiustam alikglinmetalchikgithyal orybprigiogte;
operating the internal combustion engine with a lubricating oil composition
comprising comprising a major amount of a base oil of lubricating viscosity
and a minor amount of an overbased alkaline earth metal

alkylhydroxybenzoate prepared by the process comprising:

a) Reacting alkylphenol with an alkali metal base to produce an alkali
metal alkylphenate;

b) Carboxylating the alkali metal alkylphenate obtained in step a) with
carbon dioxide so that at least 50 mole % of the starting alkylphenol
has been converted to an alkali metal alkylhydroxybenzoate;

c) Acidifying the alkali metal alkylhydroxybenzoate obtained in step b)
with an aqueous solution of a strong acid to produce an
alkythydroxybenzoic acid;

d) Contacting the alkylhydroxybenzoic acid in step ¢) with at least one

carboxylic acid having from about one to four carbon atoms;
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110.

c) Acidifying the alkali metal alkylhydroxybenzoate obtained in step b)
with an agueous solution of a strong acid to produce an
alkylhydroxybenzoic acid; d) Contacting the alkylhydroxybenzoic acid in
step c) with at least one carboxylic acid having from about one to four
carbon atoms; 59 e) Neutralizing the mixture of alkylhydroxybenzoic acid
and the at least one carboxylic acid from step d) with an alkaline earth
metal base and at least one solvent selected from the group consisting of

argm N&xt@ﬂi@%ﬁf@@%xﬂh%'&l@ﬂ %M%QHB'&@QQE%Q

mixtures thereof, to form an alkaline earth metal alkylhydroxybenzoate
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pumpability of a lubricating oil composition in an internal combustion
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a Iubrlcatlng oil composmon comprlsm%ﬁa major amount of a base oi
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stepgapmgitieonsisting of aromatic hydrocarbons, aliphatic hydrocarbons,

monoalcohols and mixtures thereof.

A method of improving the low temperature pumpability of a lubricating oil
composition in an internal combustion engine, said method comprising
operating the internal combustion engine with a lubricating oil composition
comprising a major amount of a base oil of lubricating viscosity and a
minor amount of an overbased alkaline earth metal alkylhydroxybenzoate

prepared by the process comprising:

a) Reacting alkylphenol with an alkali metal base to produce an alkali

metal alkylphenate;

b) Carboxyiating the alkaii metal alkylphenate obtained in step a) with
carbon dioxide so that at least 50 mole % of the starting alkylphenol
has been converted to an alkali metal alkythydroxybenzoate;

¢) Adcidifying the alkali metal alkylhydroxybenzoate obtained in step b)

with an agueous solution of a strong acid to produce an

alkythydroxybenzoic acid;
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carbon dioxide so that at least 50 mole % of the starting alkylphenol has
been converted to an alkali metal alkylhydroxybenzoate; c) Acidifying the
alkali metal alkylhydroxybenzoate obtained in step b) with an aqueous
solution of a strong acid to produce an alkylhydroxybenzoic acid; 60 d)
Neutralizing the alkylhydroxybenzoic acid from step c) with a molar
excess of an alkaline earth metal base and at least one solvent selected
from the group consisting of aromatic hydrocarbons, aliphatic

hyayowmaﬁeﬁﬁgwmg\% RRJUBhIIE s hereaterio ) anR kaliney

earth metal alkylhydroxybenzoate; e) Contacting the alkaline earth metal

alkylh§rERy s b atkaling sraNfReRhRRRaarRdears Anase s Bith at
!eaﬁt @@ﬁa@@r@%ﬁﬂf' ﬁ@igrba}diﬁglr?sféstgﬁf?f@ﬁ@ﬁimgﬂé wcﬂ%tséﬁfhw’% afipistic
IN the presence of a solvent selected from the gr up conS|st|ngo .
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mixturestiheretf] ddkighydeoxykiengosfaalkaline earth metal

alkylhydroxybenzoate and at least one alkaline earth metal carboxylic
acid salt; and f) Overbasing the alkaline earth metal alkylhydroxybenzoate

froth Steptestingrineratifalinseast sralrbalyibydrmnbenteaie and alkalire
one agighp: SeHPasing maRiesialia g esRace stdheatdsont argalkaling

earth _metal carboxylic acid salt from step e) and a solvent selected from

the gl 2BALIRNR GrigrsRatRoRIRaTBLRS RIRFRARSRIRGAYEBhs,
monogéifetiels rothhistyreagheiesikty of aromatic hydrocarbons, aliphatic

hydrocarbons, monoalcohols, and mixtures thereof, to form a mixture
of alkaline earth metal alkylhydroxybenzoate and at least one alkaline
earth: metal carboxylic acid salt; and

f) Overbasing the alkaline earth metal alkythydroxybenzoate from step e)
with a molar excess of alkaline earth metal base and at least one acidic
overbasing material in the presence of the at least one alkaline earth
metal carboxylic acid salt from step e) and a solvent selected from the
group consisting of aromatic hydrocarbons, aliphatic hydrocarbons,
monoalcohols and mixtures thereof.
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