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LOW SULFUR METAL DETERGENT-DISPERSANTS
ABSTRACT

A process for preparing altkylhydroxybenzoate detergeni-disparsant additives
having low sulfur content and high TBN is described. The alkal metal
alkylhydroxylbenzoate, alkaline earth metal alkylhydroxybenzoate and overbased
alkaline earth meta! alkylhydroxybenzoate reaction products described have a
suifur content in the range of from about 0.1 fo 1.2 wt % are effective anti-

corrosive detergent-dispersant additives in lubricating oil compositions.

(no suitabie figure)
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LOW SULFUR METAL DETERGENT-DISPERSANTS

The present invention retates to a process for the preparation of novel
detergent-dispersant additives having a low sulfur content and high TBN which

are favorably employed in lubricating oil compositions for internal combustion
engines.

BACKGROUND OF THE INVENTION

Detergent additives have been used for decades as components of lubricating
oil compaositions. In recent years, however, there has been an increasing
interest in the use of hydroxyaromatic carboxylate salts, especially salicylates,
as essential components of so-called “low SAPs” (Sulfur/Ash/Phosphorus)
automotive engfne oil lubricants. For example, U.S. Patent Number 6,569,818
discloses low sulfur, p.hoéphorus and sulfated ash content lubricating oil

compositions containing non-sulfurized alkali metal or alkaline earth meta! salis
of an alkylsalicylic acid.

In addifion to the non-sulfurized alkali metai or alkaline earth metal salts taught
in U.8. Patent Number 8,569,818, sulfur-containing hydroxyaromatic

carboxylate compositions are also known.

U.S. Patent Number 2,311,831 discloses metal salts of alkyl or cycloalky!
salicylates sulfides having both excellent detergent and excelient anti-corrasive
action when dispersed in lubricating oils and thereby having a singie additive

effective to inhibit corrosion, sludge and varnish formation, ring siickihg angd

other difficulties experienced in lubricating oils serving in a heavy duty capacity,

U.S. Patent Number 2,256,443 discloses a sulfide of an alkyl-substituted
hydroxyaromatic carboxylic acid salt having increased pour depressant and
viscosity index improving properties. The improved antioxidant properties are
particularly significant in retarding the development of acidity in certain types of
oils and under certain conditions of use.
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U.S. Patent Number 2,366,873 discloses a sulfide of an alkyl-substituted aryl
metal oxide. These sulfides of alkylated aryl metai oxides are characterized by
the presence of at least two aromatic nuclel, in which the oxygen of the metal
oxide group is attached to the aryl nucleus, which are interconnected by at
jeast one atom of an element selected from the group consisting of sulfur,
selenium and tellurium. The compounds exhibit increased effectiveness in

retarding the deleterious effects of oxidation in lubricating oil.

U.8. Patent Number 2,366,874 discloses a metal salt of an alkylated
hydroxyaromatic (phenol) sulfide. This compound is a condensation product of
an alkyl-substituted aryl metal oxide in which the oxygen of the metal oxide
group is directly attached to the aryl nucieus and in which at ieast two alkyl-

substituted aryl nuclei are interconnected by at ieast one atom of sulfur.

U.S. Patent Number 3,410,798 discloses basic metal salts of phenal or salicylic
acid sulfides prepared by reacting & phenol or salicylic acid, or a salt thereof,
with sulfur and an alkaline earth base at a temperature of about 150° to 200°C,

in the presence of a carboxylic acid salt thereof and a polyalkylene glycol or

alkylene or polyalkylene glycol alkyl ether. The products are useful as detergent

additives for lubricants.

U.S. Patent Number 3,595,791 discloses basic metal salts of salicylic acid
sulfides prepared-. by reacting salicylic acid, or a sal! thereof, with sulfur and an
alkafine sarth base at a temperature of about 150" to 250°C, in the presence of
an alkylene or polyalkylene glycol or a monoether thereof. The products are
useful as detergent additives for lubricants.

U.S. Patent Number 6,235,688 discloses sulfurized phenates, sulfurized

salicylates, salts of sulfurized muiti-nydroxyl aromatic compounds and chemical
and physical mixtures thereof.
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European Patent Publication Number 0168111 discloses suifurized metal
aliphatic hydrocarbon-substituted salicylates, characterized in that an aliphatic
hydrocarbon-substituted phenol is sulfurized and the resulting product is

transformed into an alkali metal salicylate with an alkali metal nydroxide and
carbon dioxide.

European Patent Pubiicatidn Number 0168110 discloses sulfurized overbased,

‘metal aliphatic hydrocarbon-substituted salicylates by sulfurization of an

aliphatic hydrocarbon-substituted salicylic acid or a metal salt thereof with a

sulfur halide, and subsequently by transforming the reaction product into an
overbased metal salicylate.

European Patent Publication Number 0168880 discloses sulfurized overbased,
metal aliphatic hydrocarbon-substituied salicylaies, characterized in that an
afiphatic hydrocarbon-substituted salicylic acid is transformed into overbased
metal salicylate having a basicity index of at least 1.5 by means of a basic
metal compound and with carbon dioxide, and subsequently the overbased

metal salicylate is sulfurized by heating with elemental sulfur.

The above references, however, teach hydroxyaromatic carboxylate
compaositions containing relatively high leveis of sulfur, which are not desirable
in formulating fow SAPS oils, Sulfur contained in the fuel or lubricating ail is
converted to sulfuric acid and sulfates which are often corrosive. Hence, the
need for iow levels of sulfur. However, it is often difficul{ to achieve low sulfur
content ievels without cdmpromising the effectiveness of detergent additives in

the fuel or lubricating oil. Effective low sulfur detergents are therefore highly
desirable.

SUMMARY OF THE INVENTION

It has now been discovered that a low sulfur detergem—divspersant' additive
having high TBN can be achieved that provides little to no COIosion.
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Accordingly, the present invention relates to a process for the preparation of a

novel detergent-dispersant additive having a low sulfur content which is

favorably employed in lubricating oil compositions for internal combustion

engines. More particutarly, the present invention relates to a process for the

preparation of alkylhydroxybenzoate reaction products, characterized in that
the sulfur content ranges from about 0.1 to 1.2 wi % in the

alkylhydroxybenzoate reaction product.

In one embodiment, the present invention relates to a process for preparing an

alkali metal alkylhydroxybenzoate reaction product comprising the steps of:

a)

b)

neutralizing at least one alkyiphenol with an alkali metal
base to form an alkali metai alkylphenate; and
carboxytating the alkali metal alkyiphenate with carbon
dioxide o obtain an alkali metal alkylhydroxybenzoate

reaction product;

wherein at least one of the alkylpheneol, alkylphenate and

alkylhydroxybenzoate is reacted with a sulfur source o achieve a

sulfur content in the range of about 0.1 to 1.2 wt % in the alkali

metal alkylhydrbxybenzoate reaction product, and wherein at

least 50 mole % of the starting aikytphenol is converted to the

alkali metal alkylhydroxybenzoate reaction p-roc!u'ct.

'i_n another embodiment, the present invention relates to a process for preparing

an alkaline earth meta!l alkylhydroxybenzoate reaction product comprising the

sieps of:

neutralizing at least one alkyiphenol with an alkali metal
base to form an alkali metal alkylphenate;

carboxylating the alkali metal alkylphenate with carbon
dioxide to obtain an alkali metal alkylhydroxybenzoate; and
acidifying the alkali metai alkylhydroxybenzoate to form the
alkythydroxybenzoic acid, and further reacting the |

alkylhydroxybenzoic acid with a molar excess of an

4



~ alkaline earth metal base to form an alkaline earth metal
alkylhydroxybenzoate reaction product;

wherein at least one of the alkyiphenol, alkylphenate,
alkylhydroxybenzoic acid, alkali metal alkylhydroxybenzoate and
alkaline earth metal alkylhydroxybenzoate is reacted with a sulfur
source to achieve a sulfur cantent in the range of about 0.1 10 1.2
wt % in the alkaline earth metai alkylhydroxybenzoate reaction
product, and wherein at least 50 mole % of the starfing
alkylphenol is converted to the alkaline earth metal
alkylhydroxybenzoate reaction product.

In yet another embodiment, the present invention relates to a process for
preparing an overbased alkaline earth metal alkylhydroxybenzoate reaction
product obtained by a process comprising the steps of:
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a) neutralizing at least one alkylphenol with an alkali metal

base to form an alkaii metai alkylphenate;

b) carboxylating the alkali metal alkylphenate with carbon

dioxide to obtain an alkali metal alkylhydroxybenzoate;

c) acidifying the alkali metal alkythydroxybenzoate to form the
a!kyihyd-r’oxybenzéic acid, and further reacting the
alkylhydroxybenzoic acid with an alkaline earth metal base

~ to form an alkaline earth metal alkylhydroxybenzoate; and

d)  overbasing the alkaline earth metal alkylhydroxybenzoate
with an alkaline earth metal base and af least one acidic
overbasing material to form an overbased alkaline earth

metal alkylhydroxybenzoate reaction product;

‘wherein at least one of the alkylphenol, alkylphenate,

alkylhydroxybenzoic acid, alkali metal alkylhydroxybenzoate and
alkaline earth metal alkylhydroxybenzoate, or overbased |
derivatives thereof is reacied with a sulfur source to achieve a
sulfur content in the range of about 0.1 to 1.2 wt % in the

overbased alkaline earth metal alkylhydroxybenzoate reaction

5
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product, and wherein at least 50 mole % of the stariing
aikylphenol is converted {o the overbased alkaline earth metal

alkyihydroxybenzoate reaction product.

in still anotner embodiment, the present invention relates to lubricating oil
compositions employing the alkali metal aikyihydroxybenzoate reaction
product; the alkaline earth metal alkylhydroxybenzoate reaction product or the
overbased alkaline earth metal alkylhydroxybenzoate reaction product,
prepared by the respective processes of the present invention described

above, with a major amount of base ail of lubricating viscosity.

Alternatively, the present invention reiatés to the product prepared by any one

of the above processes.

Among other things the present invention provides for a process of producing
low sulfur, high TBN detergent-dispersant additives, namely
alkylhydroxybenzoate reaction products, that exhibit litlle to no corrosion in the
tubrication of mechanical components of internal combustion engines When
empioyed as detergent-dispersant additives in lubricating oll compositions. The
lubricating'oi[ compositions employing the detergent-dispersant additives of the
present invention are, thus, useful in improving anti-corrasion properties in

internal combustion engines operating with such lubricating oil compaositions.

DETAILEij 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 “alkaline metal” refers to lithium, sodium or
potassium, with potassium being preferred.
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The term “alkaline earth metal” refers to calcium, barium, magnesium and

strontium, with calcium being preferred.

The term “alkyl” refers to both straight- and branched-chain alkyl groups.

The term "alkyiphenate" means a metal salt of an alkylphenol.

The term “alkylpheno!" 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.

The term "aryt group” is a substituted or non-substituted aromatic group, such
as the phenyl, tolyl, xyiyl, ethyipheny! and cumeny! groups.

The term “calcium base” refers to a calcium hydroxide, calcium oxide, calcium
alkoxides, and the like, and mixtures thereof,

The term "hydrocarbyl” means an alkyl or atkenyl group.

The term “hydrocarby! phenol” refers {0 a phenol having one or more

hydrocarbyl substituents; at ieast one of which has sufficient number of carbon

‘atoms to impart oil solubility to the phenol.

The ferm “lime” refers to calcium hydroxide, also known as siaked lime or

‘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 seiected from the group
consisting-of fithium, sodium, potassium, magnesium, calcium, strontium,
barium or mixtures thereof.
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The term “overbased" refers a class of metal salts or complexes. These
materials have also been referred to as "basic”, "superbased”, "hyperbased"”,
“compiexes", "metal complexes”, "high-metal containing salts", and the like.
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 organi'c compound reacted with the metal,

_e.g., a carboxyiic acid.

The term "phenate” means a metal salt of a phen’ol.
The term “salicylate” means a metal salt of a salicylic acid,
The term "Total Base Number" or "TBN" refers to the equivalent number of

milligrams of KOH needed o 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 product can be determined by

ASTM Standard No..D 2896 or e@uivatent procedure.

The present invention relates to a process for preparing an
alkylnydroxybenzoate reaction product having low sulfur content favorabiy
employed in lubricating oft compositions for intemal combustion engines.
Typicaliy, the alkylhydroxybenzoate rea.ctidn product will have a sulfur content
from abeut 0.1 to 1.2 wt % sulfur, more preferabiy about €.1 to 1.0 wt % sulfur,
and most preferably about 0.1 to 0.5 wi % sulfur in the alkylhydroxybenzoate
reaction product of the present invention.

Alkvihvdroxvbenzoate Reaction Product

Alkali Metal Aikv%h\zdrqvaenzoate Reaction Product

in a first embodiment, an alkail metal alkyihydroxybenzoate reaction product of
the present invention may be prepared by the foliowing process.

8
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A Formation of the Alkali Metal Base Alkylphenate

In the first step, at least one alkylphenol is neutralized using an alkali metal
base in the presence of suitable solvent such as aliphatic hydrocarbons, e.g.
toluene, xylene, light alkylbenzene or the light. In one embodiment, the solvent
forms an azeotrope with water. in another embadiment, the solvent may also
be a mono-aicohol such as 2-ethylhexanol. In this case, the 2-ethylhexanol is
eliminated by distillation before carboxyiation. |

The alkylphenol may contain up to 98 wt % finear alkyl groups, up to 100 wt %
branched alkyl groups, or both linear and branched alky! groups. Preferably,
the linear alkyl group, if 'presevnt, is alkyl, and the linear alkyl group contains
from about 12 to 40 carbon atoms, preferably from about 20 to 40 carbon
atoms and more preferably from about 22 to 30 carbon atoms. The branched
alkyl group, if present, is preferably alkyl and contains at ieast 9 carboh atoms,
preferably from about ¢ to 24 carbon atoms and more preferably from about 10
to 18 carbon atoms. In one embodiment, the alkylphenol contain up to 85 wt %

of linear alkylphenol (preferably at ieast 35 wt % linear hydrocarbyl pheno!) in
mixture with atieast 15 wt % of branched alkyiphenal.

The use of an alkylphenol containing up to at teast 35 wt % of long linear
alkylphenol {from about 18 tb‘ 30 carbon atoms) is particutarly attractive
because a long linear alky! chain promotes the compatibility and solubility of the
additives in lubricating oils. However, the presence of relatively heavy finear
alkyl groups in the alkylphenols makes the latter less reactive than branched
alkylphenols, hence the need {o use harsher reaction conditions to bring about
their neutralization by an alkaline-earth metal base.

Branched alkylphenols can be obtained by reaction of phenol with a branched
olsfin, generally originating from propylene. They consist of a mixture of
monosubstituted isomers, the great majority of the substituents being in the

para position, very few being in the ortho position, and hardly any in the meta

9
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position. That makes them relatively reactive towards an alkaline-earth metal

base, since the pheno! function is practically devoid of steric hindrance.

On the other hand, linear alkyiphenols can be obtained by reaction of phenol
with a linear olefin, generally originating from ethylene. They consist of a
mixture of monosubstituted isomers in which the proportion of linear alky!

substituents in the ortha, meta, and para positions is much more uniformly

‘distributed. This makes them much less reactive towards an alkaline-earth

metal base since the phenol function is much less accessible due to

considerable steric hindrance, due to the presence of closer and generally

‘heavier alkyl substituents. Of course, linear alkylphenois may contain alkyl

substituents with some branching which increases the amount of para

~ substituents and, resultantly, increases the relative reactivity towards alkaline

earth metal bases.

When the alkylphenol represents a mixture of aliphatic groups, the
alkylhydroxybenzoate reaction product of the present invention may contain a
mixture of linear alky! groups, a mixture of branched alkyl groups, or a mixture
of linear and branched alky! groups. Thus, the alkyiphenol can be a mixture of
linear aliphatic groups, preferably alkyl; for example, an alkyl g'rcup selected
from the group consisting of linear C14~Cae, C15-C1a, C18-Cao, C20-Ca2, C26-Cas
and Cq~Cog alkyl and mixtures thereo?. Advantageously, these mixtures
include at least 95 molie %, preferably 98 moie % of alkyl groups and
originating from the poiymerization of ethylene.

The alkylhydroxybenzoate reaction product of the present invention, having a
mixture of alkyl groups, can be prepared from linear alpha oiefin cuts, such as
those marketed by Chevron Philiips Chemical Company under the names

Normal Alpha Olefin Cos.Cap or Normal Aipha Olefin Cap.Cos, by British

" Petroleum under the name Cap.Cog Olefin, by Shell Chimie under the name

SHOP C20-C22, or mixtures of these cuts or olefins from these companies
having from about 20 to 28 carbon atoms.

10
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The alkali metal bases that can be used for carrying out this step include the
oxides or hydroxides of lithium, sodium or potassiurm. in a preferred

embodiment, potassium hydroxide is preferred.

-An objective of this step is to have an alkylphenate having less than 2000 ppm,

preferably less than 1000 ppm and more preferably less than 500 ppm of
water,

This operation is carried out at a temperature high gnough to eliminate water.

In one embodiment, the product is put under a slight vacuum in order to utilize
a lower reaction temperature.

The neutralization operation is carried out at a temperature of at least 120°C
preferably at least 130°C and more preferably at least 135°C for about 3 hours.
in one embodiment, when xylene is used as the solvent, the reaction is
conducted at a temperature between 130°C and 155°C, under an absolute
pressure of 800 mbar (8 x 10* Pa).

In another embaodiment, when 2-ethylhexanoi is used as the solvent, the
reaction is conducted at a temperature of at least 160°C, as the boiling point of

2-ethylhexanol {184°C) is significantly higher than xyiene (140°C).

The pressure is reduced gradually below atmospheric in.order to compiéte the -
distillation of water reaction. Preferably, the pressure is reduced to no more
than 7000 Pa (70 mbar).

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

below atmospheric. Preferably, the pressure is reduced to no more than 7000
Pa (70 mbar).

11
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Elimination of water is done over a period of at least 2 hours, preferably at least
3 hours.

The guantities of reagents used correspond to the following molar ratios:

«  Alkali metal base:alkyiphenol from about 0.8:1 to 1.2:1, preferably
from about €.9:1 to 1.05:1.

= Sulfur:alkylphenol from about 0.03:1 to 1:1, preferably from about
0.07:1 to 0.5:1, more preferably- from about 0.08:1 to 0.3:1.

= Solvent: alkylphenol {wt:wt) from about 0.1:1 to 5:1, prefefably from
about 0.5:1 to 3:1. :

B. Carboxylation

The alkylphenate prepared is then carboxylated by simply bubbling carbon

dioxide into the reaction medium originating from the precading neutralization

step and is continued until at least 50 mole %, preferably 70 moie %, more
preferably 80 mole % and most preferably 80 mole %, of the starting
alkytphenol hias been converted to aikali metal alkylhydroxybenzoate reaction
product (measured as salicylic acid by potentiometric determination) at a
temperature between about 120°C and 180°C, under a pressure within the

range of from about above atmospheric pressure 105 x 10° Pa (5 bars) for a

‘period of from about 2 to 8 hours. It must take place under pressure in order fo

avoid any decarboxylation of the alkali metal alkylhydroxybenzoate that forms.

in one variant with potassium salt, the tem-per_ature is preferably between about
125°C and 185°C, more preferabiy about 130°C o 185°C and the pressure is

from about atmospheric to 10 bars (10 x 10° Pa), preferably from about
atmospheric to 3.5 bars.

in another variant with sodium salt, the temperature is directionally lower,
preferably from about 110°C to 185°C. Mest preferabiy from about 120°C te

140°C and the preséure from about 1 bar to 20 bars, preferably from about 3.5
bars to 15 bars.

12
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Thé carboxylation is usually carried out, diluted in a solvent such as
hydrocarbons or alkylate, e.g., benzene, toiuene, xylene and the like. in this

case, the weight ratio of solvent:hydroxybenzoate is from about 0.1:1 to 5:1,
preferably from about 0.4:1 to 3:1.

In one variant, no solvent is used. In this case carboxylation is conducted in
presence of diluent oil in order to avoid a too viscous material.

The wéight ratio of diluent oil:hydroxybenzoate is from about 0.1:1 to 2:1,

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

To achieve a sulfur content in the range of abaut 0.1 to 1.2 wt %, preferably
about 0.1 to 1.0 wt %, more preferably about 0.1 to 0.5 wt %, in the alkali metal‘
alkyhydroxybenzoate reaction product, at least one of the alkylphenot,
alkylphenate and alkylnydroxybenzoate is reacted with a sulfur source that
readily provides sufficient sulfur such as eiemental sulfur or sulfur halides as,
for example', sulfur chloride (S,Cly), suliur di-chioride (SCly) or thiony! chioride
(S8OCIy). Preferably, the sulfur source is elemental sulfur. The formation of the
low sulfurized alkali metal alkylhydroxybenzoate reaction product is obtained
with reaction of at ieast one of the alkylphenol, alkylphenate and
alkylnydroxybenzoate with, for exampie, elemental sulfur from a temperature of
about 150°C to.230°C for a period of about 0.5 to 4 hours, preferably from
about 180°C to 210°C for a period from about 1 to 3 hours.

Preferably, the alkali metal alkylhydroxybenzoate reaction product of the

present invention has a TBN from about 50 to 250, more preferably from about
70 to 200 and most preferably from about 100 to 150,
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Alkaline Earth Metal Alkylhydroxybenzoate Reaction Product

In a second embodiment, the alkali metal alkylhydroxybenzoate prepared by
the steps of A and B above is further reacted with a molar excess of an alkaline
earth metal base to form an alkaline earth metal alkylhydroxybenzoate reaction

product according to step C described in the following.

C. Acidification

The objective of this step is to acidify the alkali metal alkylhydroxybenzoate salt
diluted in the solvent to give an alkylhydroxybenzoic acid. Any acid stronger
than alkylhydroxybenzoic acid couid be utilized. Usually aqueous hydrochloric |
acid or agqueous sulfuric acid is utilized.

The acidification step is conducted with an H" equivaient excess of acid versus
hydroxybenzoic (salicyiic) of at least 5 H+ equivaient %, preferably 10 H+
equivalent %, and more preferably 20 H+ equivalent %.

in one embodiment, sulfuric acid is used. It is diluted to about 5 % to 50 %,
preferably about 10 % to 30-%. The quaniity of sulfuric acid used versus
hydroxybenzoate (salicylate), on a per mole of hydroxybenzoate basis, is at

ieast 0.525 mole, preferably 0.55 mole and more preferably 0.6 mole of sulfuric
acid.

The acidification reaction is carried out under agitation with any suitabie mixing
system at a temperature from about room temperature {o 126°C, preferably
from about 50°C to 80°C, at a pericd from about 15 minutes to 300 minutes,
preferably from about 60 minutes to 180 minutes.

At the end of this period of time, the agitation is stopped in order to allow good
phase separation before the agusous phase is separated.

14
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To achieve a sulfur content in the range of about 0.1 to 1.2 wt %, preferably
about 0.1 to 1.0 wt %, more preferably about 0.1 to 0.5 wt %, in the alkaline
earth metat alkyhydroxybenzoate reaction product, at least one of the
alkylphenol, atkylphenate, alkythydroxybenzoic acid and alkythydroxybenzoate

is reacted with a sulfur source as described above for the first embodiment.

Preferably, the alkaline metal alkylhydroxybenzoate reaction product of the
present invention has a TBN from about 50 to 250, more preferably from about

o 70 to 200 and most preferably from 100 o 150.
10 :
‘QOverbased _Aika{ine Earth Metal Alkvihvdroxybenzoate Reaction Product

in a third embodiment, the alkaline earth metal alkylhydroxylbenzoate prepared
by the steps of A through C above is further overbased with at least one acidic
overbasing material to form an overbased alkaline earth metal

alkythydroxybenzoate reaction product according to s'tep D described in the
following.

0. Overbasing:

Overbasing of the alkaline earth metal aikyihydroxybenzoate. reaction product
may be carried out by any method known by a person skilled in the art to
produce an overbased alkaline earth metal a!kylhydroxybenzéa‘te reaction
product. Generally, the overbasing reaction is carried out in a reactor in the
presence of diluent oil, an aromatic solvent and an aicohol. The reaction
mixture is agitated and alkaline earth metal and atleast one acidic ovaerbasing
material such as carbon dioxide are added to the reaction while maintaining the
tem_berature between about 20°C and 80°C.

The degree of overbasing may be contraolied by the quantity of the alkaline
earth metal, at least one acidic overbasing material such as carbon dioxide and

the reactants added to the reaction mixture and the reaction condiiions used
during the carbonation process.
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The ratios of reagents used (methano!, xylene, slaked lime and CO2) will
correspond to the following weight ratios:

= Xylene:slaked lime from about 2:1 to 7:1, preferably from about 2:1
to 4:1.

= Methanol:staked lime from about 0.25:1 to 3:1, preferably from

about 0.4:1 fo 1.2:1.

« Carbon dioxide:slaked lime from about 0.5:1 to 1.3:1, preferably
from about 0.7:1 to 1.0:1.

The alkaline earth metal alkylhydroxybenzoate reaction product is then
overbased with an alkaiine earth metal base to form the overbased alkaline
earth metal alkylhydroxybenzoate reaction product of the present invention.
Alkaline earth mestals such as barium, calcium, magnesium and strontium are
preferred. Calcium hydroxide or oxide is preferred.

Preferably, lime is added as a slurry, i.e., as a pre-mixiure of lime, methanal,
'xytene, and CO; is infroduced over a period of 1 hour to 4 hours, at a
- temperature between about 20°C and 65°C.

To achieve a sulfur content in the range of about 0.1 to 1.2 wt %, preferably

“about 0.1 to 1.0 wt %, more preferably about 0.1 fo 0.5 wit %, in the overbased

alkaline earth metal alkyhydroxybenzcate rsaction product, at least one of the
alkyiphenol, alkyiphenate, alkylhydroxybenzoic acid and atkylhydroxybenzoate
or overbased derivatives thereof is reacted with a sulfur source as described
above for the first embodiment.

Optionally, for each of the processes described above, predistiliation,
centrifugation and distiliation may be utilized to remove solvent and crude
sediment. Water, methanol and a portion of the xylene may be eliminated by
heating between 110°C to 134°C. This may be followed by centrifugation to

eliminated unreacted {ime. Finally, xylene may be eliminated by heating under
vacuum in order {o reach a flash point of at least about 160°C as determinad

with the Pensky-Martens Closed Cup (PMCC) Tester described in ASTM D93.
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Preferably, the overbased alkaline earth metal alkylhydroxybenzoate of the
present invention has a TBN from about 20 to 500, more preferably from about
100 to 400 and most preferably from about 150 to 300.

Lubricating Oil Compaosition

The present invention also relates to lubricating oil compositions containing the
altkythydroxybenzoate reaction products of the present invention.

The lubricating oil composition of the present invention may comprise a major
amount of a base oil of lubricating viscosity and a minor amount of an alkali
metal alkylhydroxybenzoate reaction product obtained by a process comprising
the steps of:
' a) neutralizing at least one alkylpheno!l with an alkali metal
base to form an alkali metal alkylphenate; and
b} carboxylating the alkali metal alkyiphenate with carbon
dioxide to obtain an alkali metal alkylhydroxybenzoate
reaction product;
wherein at least one of the alkyiphenol, alkylphenate and
alkylhydroxybenzoate is reacted with a éutfur source o achieve a
suifur content in the range of about 0.1 fo 1.2 wt % in the alkali
metal a[kyihydroxybenzoate reaction product, and wherein at
teast 50 mole % of the starting alkyiphenol is converted to the

alkall metal alkylhydroxybenzoate reaction product.

The lubricating oil composition of the present invention may also comprise a

major amount of a base oil of iubricating viscosity and a minor amount of an

alkaline earth metal alkylhydroxybenzoate reaction product obtained by a

process comprising the steps of:

a) neutralizing at least one alkyiphenol with an alkali metal
base to form an alkylphenate;

b) carboxytating the alkyiphenate with carbon dioxide to
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obtain an alkali metal alkylhydroxybenzoate; and

acidifying the alkali metal alkylhydroxybenzoate to form the
alkythydroxybenzoic acid, and further reacting the
alkylnydroxybenzoic acid with a molar excess of an
alkaline earth metal'base to form an alkaline earth metal

alkylhydroxybenzoate reaction product;

~ wherein at least one of the alkyiphenol, alkyiphenate,
alkylhydroxybenzoic acid, alkali metal alkylhydroxybenzoate and
alkaline earth metal alkylhydroxybenzoate is reacted with a sulfur
source to achieve a sulfur content in the range of about 0.1 to 1.2 '
wt % in the alkaline earth metal alkylhydroxybenzoate reaction
product, and wherein at least 50 mole % of the starfing
alkylphenot is converted to the alkaline earth metal
alkylhydroxybenzoate reaction product.

“The lubricafing oil compasition of the present invention may further comprise a

major amount of a base oil of fubricating viscesity and a minor amount of an

overbased alkaline earth metal alkylhydroxybenzoate reaction product obtained
by a process comprising the steps of: "

a)

b}.

c)

neutralizing at least one alkylphenol with an alkali metal

base to form an alkali metal alkylphenate;

carboxylating the alkali metal alkylphenate with carbon
dioxide to obtain an alkali metal alkythydroxybenzoate;

acidifying the alkaii metal alkylhydroxybenzoate fo form the

alkylhydroxybenzoic acid, and further reacting the

alkylhydroxybenzoic acid with an alkaline earth metal base
to form an alkaline earth metal aiky!hydroxybenzéais{ and
overbasing the alkaline earth metal alkythydroxybenzoate
with.an alkaline earth metal base and at ieast one acidic
overbasing material {o form an overbased alkaline earth

metal alkyihydroxybenzoate reaction product;

wherein at least one of the alkyiphenol, alkylphenate,

alkythydroxybenzoic acid, alkali metal alkylhydroxybenzoate and
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alkaline earth metal alkylhydroxybenzoate or overhased
derivatives thereof is reacted with a sulfur source o achieve a
sulfur content in the range of about 0.1 10 1.2 wt % in the
overbased alkaline earth metal alkylhydroxybenzoate reaction
product, and wherein at least 50 mole % of the starting
alkylphenol is converied to the overbased alkafine earth metal
alkylhydroxybenzoate reaction product.

Base Oil of Lubricating Viscaosity

Base oil as used herein is defined as a base stock or biend of base stocks
which is a lubricant component that is produced by a single manufacturer to the
same specifications (independent of feed source or manufacturer's location);
that meets the same manufacturer's specification; and that is identified by a
unigue formuia, product identification number, or-both. Base stocks may be
manufactured using a variety of different processes inciuding but not limited to
distiliation, selvent 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 iubricating base
oit fraction particularly those having a kinematic viscosity at 100° Centigrade
(°C) and about 4 centiistokes (cSt) to about 20 ¢St. Hydrocarbon synthetic oils |
may include, for example, oils prepared from the polymerization of ethylene,
polyalphaolefin or PAQ, or from hydrocarbon synthesis procedures using
carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process. A
preferred base oii is one that comprises littie, if any, heavy fraction; e.g., fittle, if
any, lube oil fraction of viscosity about 20 ¢St or higher at about 100 C. Oils
used as the base oi! 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,
€.g. a lubricating oil com.posiiion having an SAE Viscosity Grade of OW, 0W-20,
OW-30, OW-40, OW-50, OW-B0, 5W, 5W-20, 5W-30, 5W-40, BW-50, 5W-60,
10W, 10W-20, 10W-30, 10W-40, 10W-50, 15W, 15W-20, 15W-30, or 15W-40,
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The base oil may be derived from natural lubricating oils, synthetic lubricating
oils or mixtures thereof. Suitable base oil includes hase stocks obtained by
isomerization of synthetic wax and siack wax, as well as hydrocrackate base
stocks produced by hydrocracking (rather than solvent exiracting) the aromatic
and pblar components of the crude. Suitable base olls include those in all AP|

categories |, i, 11, IV and V as defined in AP| Publication 1508, 14th Edition,

- Addendum {, December 1998. Saturates levels and viscosity indices for Group

|, i and il base oils are listed in Table {. Group 1V base oils are
polyalphaolefins (PAO). Group V base oils include all other base oils not

included in Group |, 1, lli, or IV. Group 11l base oils are preferred.
TABLE L.

- Saturates, Sulfur and Viscosity index of Group |, Il, Hl, IV and V Base Siocks

Saturates (As determined by ASTM | L ~
D2007) Viscosity index

o . {As determined by ASTM D4204,
gg‘;‘;‘;}(}“ determined by ASTM ASTM D427 or ASTM D3120)

Group

| Less than 90 9% saturates andlor | Greater than or equal to 80 and
Greater than to 0.03 % sulfur less than 120

Greater than or equal to 90 %
i saturates and less than or equal to ggzaff;nﬂggg or equai to 80 and
0.03 % sulfur -

Greater thén or eqgual to 90 %

il saturates and less than or equal to.| Greater than or equal to 120 .
0.03% sulfur

v Alt Polyalphaolefins (PAOs)

Voo All others notincluded in Groups |, I, I}, or tV

Natural lubricating oils may include animai oils, vegetable oils {e.g., rapeseed |

oils, castor oiis and tard oil}, petroleum oiis, mineral oils, and oils derived from
codl or shaie,

Synthetic oils may include hydrocarbon oils and halo-substituted hydrocarbon

oils such as polymerized and inter-polymerized olefins, alkylbenzenes,
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polyphenyls, alkylated diphenyl ethers, alkylated dipheny'l sulfides, as well as
their derivatives, analogues and homologues thereof, and the like. Synthetic
lubricating oils also include alkylene oxide polymers, interpolymers, copolymers
and derivatives thereof wherein the terminal hydroxyl groups have been
modified by esterification, etherification, etc. Another suitable class of synthetic
lubricating oils comprises the esters of dicarboxylic acids with a variety of
alcohols. Esters useful as synthetié oils also inciude ﬁhose made from Cs to Cyy
monocarboxytic acids and polyots and polyol ethers. Tri-alkyl phosphate ester
oils such as those exemplified by iri-n~buty! phosphate and -tri~iso-butyl
phosphate are also suitable for use as base oils,

Siiicon-based oils {(such as the polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-
siloxane oiis and silicate oils) comprise another useful class of synthetic
tubricating oils. Other synthetic lubricating oils include liquid esters of

phosphorus-containing acids, polymeric tetrahydrofurans, polyalphaoiefins, and
the like. |

The base oil may be derived from unrefined, refined, rerefined oils, or mixtures
thereof. Unrefined olis are obtained directly from a natural source or synthetic
source (e.g., coal, shale, or tar sand bitumen) without further purification or
treatment. Exampies of unrefined oils include a shale oil obtained directly from
a retorting operation, a petroleum oil obtained directly from distiliation, or an
ester ol 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 freated in one or-more purification steps.
to improve one or more properties. Suitable purification techniques include
distiliation, hydrocracking, hydrotreating, dewaxing, solvent extraction, acid or
base éxtraction, filtration, and percoiation, all of which are known fo 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 aiso
known as reclaimed or reprocessed oils and often are additionally processed
by techniques for removal of spent additives and oil breakdown products.
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Base oil derived from the hydroisomerization of wax may also be used, either

alone or in combination with the aforesaid natural andfor synthetic base ofl.

Such wax isomerate oil is produced by the hydroisomerization of natural or

synthetic waxes or mixtures thereof over a hydroisomerization catalyst.

It is preferred to use a major amount of base oil in the lubricating oil

compaosition of the preseht invention. A major amount of base oil as defined

- herein comprises 40 wt % or more. Preferred amounts of base oil comptrise
about 40 wt % to about 97 wt %, preferably greater than about 50 wt % to

about 97 wt %, more preferably about 60 wt % to about 97 wt % and most
preferably about 80 wt % to about 85 wt % of the lubricating oit composition.
{When weight percent is used :hefein, it is referring to weight percent of the
lubricating oll urﬂess otherwise specified.) |

The amount of alkylhydroxybenzoate reaction product of the present invention
in the Iubriéatin-g oil compaosition will be in a minor amount compared to the

base oil of lubricating viscosity. Generally, it will be in an amount from about 1
to 15 wt %, preferably from about 2 {012 wt % and more preferably frqm about

3'to 8 wt %, based on the iotal weight of the lubricating oil composition,

The lubricating oil compositions according to the present invention will have a

TBN from about 5 to BG,'prefa'rab!y from about 10 to 70 and more preferably
from about 15 to 50.

Other Additive Components

The following additive components are examples of components that can be
favorably employed in combination with the lubricating additive of the present
invention. These exampies of additives are provided to iliustrate the present
invention, but they are not intended to limit it.
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{A) Ashless dispersants: alkenyl succinimides, alkeny! succinimides modified

with other organic compounds, and alkenyl succinimides modified with boric
acid, alkenyl succinic ester.

(B} Oxidation inhibitors:

1) Phenol type phenolic) oxidation inhibitors: 4,4‘~méthy!enebis (2,6-di-tert-

butylphenot},4,4'-bis(2,8-di-tert-butyiphenol), 4,4'-bis{2-methyi-6-tert-
butylphenaol), 2,2'~(methylenabis(4-methyime—ter’{-butyl-phendl-). 4.,4'-
butylidenebis(3-methyl-6-tert-butylphenol), 4,4'-isopropylidenebis(2,8-di-tert-

~ butylphenol}, 2,2'-methylenebis{4-methyl-6-nonyiphenol), 2,2-isobutyiidene-

bis(4,6-dimsthylphenol), 2,2-methyienebis(4-methy}-8-cyclohexyiphenol), 2,6-
di-tert-butyi4-methylphenol, 2,6-di-tert-butyl4-ethyiphenol, 2,4-dimethyi-6-teri-
butyl-phenol, 2,6-di-tert-a-dimethylamino-p-cresol, 2,6-di-ter{-4(N.N'
dimethylaminomethyiphenol},4,4'-thiobis{2-methyl-6-teti-butylphenol)}, 2,2
thiobis{4-methyl-6-tert-butylphenol), bis(3-methyi-4-hydroxy-5-tert-butylbenzyl)-
sulfide, and bis (3,5-di-tert-butyl4-hydroxybenzyt). _

2) Diphenyiamine fype oxidation inhibitor: alkylated diphenylamineg, phenyl-a-
naphthylamine, and alkylated a-naphthylamine.

3) Other types: metal dithiocarbamate (e.g., zinc dithiocarbamate), and
me{hylenebis (dibutyidithiocarbamate).

(C) Rust inhibitors (Anti-rust agents):

1) Nonionic polyoxysthylene surface active agents: polyoxyethyiene lauryl
ether, polyoxyethylene higher alcohol ether, polyoxyethylene nonyiphenyl
ether, polyoxyetnylene octylphenyl ether, polyoxyethylene octyl stearyl ether,
poiyoxyethylene oleyi ether, poiyo‘xyethylene sorbitol monosiearate,

polyoxyethylene sorbitol mono-~oleate, and polyethyiene glycol monooisate.

2) Other compounds: stearic acid and other fatty acids, dicarboxilic acids, metal

soaps, fatty acid amine salts, metal salts of heavy sulfonic acid, partial

carboxylic acid ester of polyhydric alcohol, and phosphoric ester,
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(D) Demulsifiers: addition product of alkylphenol and ethyleneoxide,

polyoxyethylene alkyl ether, and polyoxyethylene sorbitane ester.

(E) Extreme pressure agents (EP agents): zinc dialkyldithiophosphate (Zn-DTP,
primary alkyl type & secondary altkyl type), sulfurized oils, dipheny! sulfide,
methy! trichlorostearate, chlorinated naphthalene, benzyl iodide,
fluoroalkylpolysiloxane, and lead naphthenate.

(F) Friction modifiers: fatty alcohol, fatty acid, amine, borated ester, and other
esters

(G) Mulitifunctional additives: sulfurized oxymolybdenum dithiocarbamate,

sulfurized oxymolybdenum organo phosphorodithicate, oxymolybdenum

‘monoglyceride, oxymolybdenum disthylate amide, amine-molybdenum

complex compound, and sulfur-containing molybdenum complex compound

(H) Viscosity index improvers: polymethacrylate type polymers, ethylene-
propylene copolymers, styrene-isoprene copolymers, hydrated styrene-

isoprene copolymers, polyisobutylene, and dispersant type viscosity index
improvers.

(1) Pour point depressants: polymethyl methacrylate.

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

EXAMPLES

The invention will be further illustrated by the following examples, which set
forth particularly advantageous method embodiments. While the Examples are
provided to illustrate the present invention, they are not intended to fimit it. This

appiication is intended io cover those various changes and substitufions that

24



10

15

20

25

30

35

may be made by those skilied in the art without departing from the spirit and
scope of the appended claims.

Unless otherwise specified, all percentages are in weight percent.

Example 1

Preparation of an Overbased Alkaline Earth Metal Alkvihvdroxvbenzoate

-A. Neutralization/Sulfurization

in a 4 liter reactor, 1500 g of alkyiphenol having a molecutar weight of 430 and
prepared from mixtures of linear normal alpha olefins (Cx-Cys alpha olefins
from Chevron Philips Chemical Comvpany (CPC) was added under agitation at
about 20°C to 60°C. To this, 750 g of xyiene and 195.3 g of pure KOH diluted in
water (in order to obtain 452.1 g of solution; 0.2 g of Rhodorsil 47V300

defoamer (commercialized by Rhodia) and 16.4 g of sulfur were added.

“The reactor was then heated further to 145°C over a period of about 2 hours,

then gradually decreasing the atmospheric pressure (1013 mbar absolute — 1 x

10° Pa) fo 800 mbar absolute (8 x 10* Pa). Under these conditions, reflux was

maintained for 3 hours and the vacuum was broken with nitrogen to decrease
the pressure down to atmospheric pressure. The reactor was heated to about
200°C over a period of one hour and held for 80 minutes at these conditions. A

“potassium alkyiphenate containing 30 % xyiene was obtained and was stored

under nitrogen.
B. Carboxy‘latiorz

1100 g of the potassium alkyiphenate obtained in the

neutralization/sulfurization step A above was transferred to a pressurizabie

“reactor. The reactor was then pressurized with CO, at about 4 bar (4 x 10° Pa)

(absolute pressure) and maintained under these conditions for about 4 hours.
At the end of the period, CO; was vacated to allow the reactor to reach
atmospheric pressure. 41 g of CO, was added and the mixture further reacted
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to yieid a low sulfurized potassium alkylhydroxybenzoate reaction product
having a sulfur content of about 0.33 wt %.

C. Acidification/Neutralization

The low sulfurized potassium alkylhydroxybenzoate was reacted with a 30

molar % excess of agqueous soiution of sulfuric acid to convert it to a sulfurized

atkylhydroxybenzoic acid as follows:

" Calculation of loads :

« carboxylate : 1100 g (containing 30 % xylene)

770 g of potassium salt (1.5 mole of potassium)

« quantity of suifuric acid required
98 x 1.504/2=73.7 ¢

as purity of sulfuric acid is 85 % and an excess of 30 % is utilized: 100.8 g
of sulfuric acid is loaded.

A mixture of 100.8 g of sulfuric acid at 95 % and 907.2 g of water in order to
obtain 1008 g of a solution of sulfuric acid diluted at 10 % was placed in a € liter
reactor and heated fo 50°C under agitation at 250 rpm. The low sulfurized
potassium alkylhydroxybenzoate from step B aboﬁe:and xylene {970 g) were
loaded over a period of 30 minutes. Xylene assisted in phase separation. The

reactor was heated and maintained at 60°C to 85°C for 2 hours with continued
agitation.

At the end of this period, agitation was stopped, but the reactor was maintained
at 80°C to 65°C for 2 hours to aliow the phase separation to occur. Upon phase

separation, the lower aqueous phase which contains water and potassium
sulfate was decanted.
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The upper arganic phase containing the low sulfurized alkylhydroxybenzoic
acid and xylene were collected for the following step. The concentration of low

sulfurized alkylhydroxybenzoic acid was determined as an equivalent of mg
KOHig.

D. Overbasing

1479 g of the upper organic phase containing the low sulfurized
alkylhydroxybenzoic acid was loaded under agitation into a reactor over a 10
minutes period. Then a siurry of methano! (159 g), lime (159 g) and xylene (228

g} was introduced. Due to the exothermic reaction, temperature increased from
about 20°C to 28°C.

Once the siutry was added, the reactor was heated to 40°C over a period of 30
minutes, and a mixture of formic acid (5.4 gj:acetic acid (5.4 g) was added and
allowed to react with the contents in the reactor. After a period of b minutes, the

reactor was cooled to 30°C over a period of 30 minutes. The reaction vielded a

caleium alkylhydroxybenzoate reaction product.

Once the femperature of the reactor has cooled to 30°C, 46.6 g of CO, was
intfroduced at a flow rate of 0.34 g/minute over a period of 137 minutes. The
iemperature increased from about 25°C up to 40°C. The reaction yielded an
overbased calcium alkylhydroxybenzoate reaction product having a sulfur
content of about 0.30 wt %. The percentage of crude sediment (1.2 % volume)
was determined at this step following the ASTM D2273 method.

E. Predistillation, Centrifugation and Final Distiliation

The mixture contained within the reactor was taken in stages to a temperature

~between 85°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 reacted, diluent
oil of Group 1l having less than 0.03 % of sulfur (161 g) was added. Crude
sediment was then measured. The amount of crude sediment in the low
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sulfurized overbased calcium alkylnydroxybenzoate reaction product waé 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 absoiute (50 x
107 Pa) to remove the remaining xylene.

_Loads are provided in Table Il and analyses are shown in Table Iit.

Example 2

Similar to Exampie 1, except a somewhiat higher quantity of sulfur was loaded
at the neutralization step: 37 g instead of 16.4 g.

Loads are provided in Table it and analyses are shown in Tabie il

Comparative Example A

Similar to Example 1, except a much higher quantity of sulfur was loaded at the
neutralization step: 56.2 g instead of 16.4.

Loads are provided in Table |l and analyses are shown in Table i,

Comparative Exampie B

‘Simitar to Example 1 except no sulfur was added.
25 |

Loads are provided in Table Il and analyses are shown in Table L.

The corrosion property of the alkylnydroxybenzoate reacfion products wers e:vaiua‘zed
in the Copper Strip Corrosion Test as specified in ASTM D130. Crude petroleum
contains sulfur compounds, most of which are removed during refining. However, of
the sulfur compounds remaining in the petroleum product, some can have a corroding
action on various metals and this corrosivity is not necessarily related directly to the
totat sulfur content. The effect can vary according to the chemical types of -éulfur
compounds present. The copper strip corrosion test is designed fo assess the relative
degree of corrosivity of a petroleum product. in this test, a polished copper strip is

immersed in a specific volume of the sample being tested and heated under
28



condifions of temperature and time that are specific {0 the class of material being
tested. At the end of the heating period, the copper strip is removed, washed and the

coior and tarnish level assessed against the ASTM Copper Strip Corrosion Standard
summarized below.

ASTM D130-04 : Copper Strip Classifications

Classification Designation Description’
Freshly
polished
strip?
1 slight tarnish a. Light orange, almost the same as

freshly polished strip
b. Dark Orange

2 moderate tarnish a. Claret red
e b. Lavender

-— c. Multicolored with lavender blue or
siiver or both, overlaid on claret red

Silvery
Brassy or gold

3 dark tarnish a. Magenta overcast on brassy strip
b. Multicolored with red and green
showing (peacock), but no gray

4 corrasion a. Transparent black, dark gray or

brown with peacock green barely
showing

b. Glossy or jet black

T_The ASTM Copper Strip Corrosion Standard is a colored reproduction of sirips characteristic
of these descriptions.

% The freshly polished strip is included in the series only as an indication of the appearance of a
properiy polished strip before a test run; itis not possibie to duplicate this appearance after a
test even with a compietely noncorrosive sample.

Performance results

Differential scanning calorimeter.

Equipment DSC 2920 supplied by TA instruments.
29



Main obiactive of this test

Determine the oxidative properties of this product versus a sulfur free material.

5  Description of the method -

Oxidative properties were evaluated by a:
o ‘“differential calorimeter” in isotherm made at 190°C.

= an aluminum pan containing the sample to be tested, is put on the
probe.
10  « pxidation of the sample is characterized by a quick increase of
temperature detected by the probe.
o the resultis determined through the duration time of the sample

(expressed in minufes) at the same temperature before the temperature
increased due fo the oxidation.

15
The higher is the number (expressed in minutes), the more resistant is the
product to oxidation. '
Exampie 2 Comparative Exampie B
Duration '
46.4 21
(minutes)
20

The introduction of some sulfur improved oxidative properties.
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ANALYTICAL DETERMINATION

A- NEUTRALIZATION OF ALKYLPHENOL
Conversiocn % alkylphenols

in a first step, the product obtained at the end of step A is dialvzed through a membrana: the

phenate salt stays inside the membrane and after elimination of the sotvent, it is weighted
(M1}

Xylene and the unreacied alkyiphenol move through the membrane xylene and the solvents

.utilized are eliminated by vaporization, a weight M2 is obtained.

M1

% Conversion® ————— x 100
‘ Mi+ M2
B. CARBOXYLATION: ‘
The product obtained at the end of step B is acidified by hydrochioric acid, it is {itrated by tetra-
n-butytammonium hydroxide.
Three inflexions points are observed:
- The first two inflexion points {V1, V2} correspend to the hydroxybenzoic acid,
dicarboxyiic acids and sulfurized benzoic acids,
- Third one V3 corresponds to alkyiphenois + alkyiphenate
V1, V2, V3 are expressed in mg KOH/g of product.
C. ACIDIFICATION STEP UP PHASE:
The tevei of hydroxybenzoic acid is determined through the method as above except no
acidification by nydrochioric acid because the product has already been acidified by suifuric
acid. '
Composition through dialysis
The method is the following:
1%y Dialysis of the final material
= A “residue” {caicified parl) stays inside the membrane

« Dialysate: non calcified part (unreacted alkyiphenol and diluent oif) maves through the
membrane '

2°) Analysis of residue

it contained calcium carbonate, Ca phenate, Ca sulfurized phenate, Ca hvdroxvbenzoate

and sulfurized Ca hydroxvbenzoate. After elimination of scivent, the residue is weighted.

Afler acidification, the guanfity of phenate and hydroxybenzoate are determined through a

poteniiometric mathod.

Determination of caicium carbonate. A known guantity of final product is acidified, the

organic phase contains hydroxybenzoic acid, alkyiphenal and sulfurized dervatives

thereol. After efimination 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 afier elimination of solvent and-corraction.
3°} Analysis of dialysate

Diluent oil and atkylphenols go through a sifica column to separate alkylphenols and
diluent oil. Quantity of alkytphenais is determined by difference of weight.

The results shown on Tabie Ili demonstrate that Exampies 1 and 2 of the present
invention, having a lower sulfur wt %, show significantiy reduced ievels of
sediment and copper corrosion than comparative Example A. Having low sulfur

{Example 2) aiso provides improved oxidation resistance as compared to no sulfur
(Comparative Exampie B}

)
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What is claimed is:
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A process for preparing an alkali metal alkylhydroxybenzoate reaction
product, said process comprising:
a) neutralizing at least one alkyiphenol with an alkali metal base
to form an alkali metal alkyiphenate; and
D) carboxytating the alkali metal alkylphenate with carbon
dioxide to obtain.an alkail metal alkylhydroxybenzoate
reaction product; -
wherein at ieast one of the alkylphenol, alkylphenate and
alkylhydroxybenzoate is reacted with a sulfur source 1o achieve 2
sulfur content in the range of about 0.1 to 1.2 wt % inthe alkall metal
alkylhydroxybenzoate -reaétion product, and wherein at ieast 50 mole
% of the starting alkyiphenol is converted to the alkali meatal
alkylhydroxyberizoate reaction product.

The process according to claim 1, wherein the alkyl group of the
alkyiphenoi is a linear or branched alkyl group or a mixiure of finear and
branched alkyl groups.

The procass according to claim 1 or’2, W.ha.re'in the alkyl group of the
alkyiphenol is a linear alkyt group having from about 12 to 40 carbon
atoms.

The process according to any one of the preceding claims, wherein the
alkyl group of the alkyiphenol is a linsar alkyl group having from about 20 to
40 carbon atoms.

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 22 to
30 carbon atoms.
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The process according to claim 1 or 2, wherein the alkyl group of the

alkylphenol is a branched alkyl group having at least 9 carbon atoms.

The process according to claim 1, 2 or 6 wherein the alkyl group of the

alkyiphenot is a branched alkyl group having from about © to 24 carbon
atoms.

The process according to claim 1, 2, 6 or 7 wherein the alkyl group of the

alkylphenol is a branched alkyl group having fromr about 10 fo 18 carbon
atoms.

The process according fo claim 1 or 2, wherein the alkyl group of the

alkylphenol is a mixture of linear and branched alkyl groups.

The process according to claim 9, wherein the alkyl group contains up o 85
wt % iinear alkyiphenol in mixture with at ieast 15 wt % of branched
alkyipheno!.

The process according to any one of claims 1 to 3, wherein the alkyl group
of the alkylphenol is selected from the group consisting of linear Cy4-Cqg Crer

01&{313*@20, -ng—'ng_, 020—634 and CZ(}‘CZB aikyl, and mixiures thereof.

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

alkali metai is sodium or potassium.
The process according to claim 12, wherein the alkali metal is potassium.
The process according fo any one of the preceding claims, wherein the

sulfur source is selected from the group consisting of elemental suifur and
sulfur halides.

(w0
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The process according to claim 14, wherein the sulfur source is elemental
sulfur.

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

sulfur content is in the range of about 0.1 to 1.0 wt % in the alkali metal
alkylhydroxybenzoate reaction product.

The process according to claim 16, wherein the sulfur content is the range

of about 0.1 fo 0.5.wt % in the alkali metal alkylhydroxybenzoate reaction
product.

A process for preparing an alkaiine earth metal alkylhydroxybenzoate
reaction product, said process comprising:
a) neutralizing atlsast one alkyipheno! with an alkali metal base
o form an alkali metal alkylphenate;
b) carboxytating the alkaii metal atkyiphenate with carbon
dioxide 1o obtain an alkali metal alkylhydroxybenzoate; and
c) acidifying the alkali.metal alkylhydroxyberizoate to form the
alkylhydroxybeanzoic acid, and further reacting the
alkylhydroxybenzoic acid with a molar excess of an alkaline
_earth metal base 1o form.an alkaline earth metal
alkylhydroxybenzoate reacition product;
wherein at ieast one of the alkylphenol, alkylphenate,
alkythydroxybenzoic acid, alkali metal alkylhydroxybenzoate and
alkaline earth metal alkylhydroxybenzoate is reacted with a sulfur
source to achieve a sulfur content in the range of about ¢.1 to 1.2 wt
% in the alkaling earth metal alkylhydroxybenzoate reaction product,
and wherein at least 50 mole % of the starting alkylphenol is
converted to the alkaline earth metal alkylhydroxybenzoate reaction
product.

The process according to claim 18, wherein the alkyl group of the
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alkylphenol is a linear or branched alkyl group or a mixture of linear and
branched aiky! groups.

The process according to claim 18 or 19, wherein the alkyl group of the

alkylphenol is a linear alkyl group having from about 12 to 40 carbon
atoms.

The process according to ciaim 18, 19 or.20 wherein the alkyl group of the

alkyiphenol is a linear alkyl group having from about 20 to 40 carbon
atoms.

The process according to claim 18, 19, 20 or 24 wherein the alkyl group of

the alkyiphenai is a linear alkyl group having from greater than about 22 to
30 carbon atoms.

The process according to claim 18 or 19, wherein the alkyl group of the

alkyiphenol is a branched alkyl group having at least 9 carbon atoms.

The process according to claim 18, 19 or 23 wherein the alkyi group of the

alkylphenol is a branched alkyl group having from about 9 to 24 carbon
atoms.

The process according fo claim 18, 19, 23 or 24 wherein the alky! group of

the alkylphenol is a branched alkyl group having from about 10 to 18 carbon
atoms.

The process according to claim 18 or 18, wherein the alkyl group of the

alkyiphenot is a mixture of finear and branched alkyl groups.

The process according fo claim 26, wherein the alkytphenol contains up to 85

wt % lingar alkylphenol in mixture with at isast 15 wt % of branched
alkytphenol.
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The process according to any one of claims 18 to 20, wherein the alkyl
group of the alkylphenol is selected from the group consisting of linear Cis-

C1e, C16-Cis, C16-Can, Co0-Caz, Coo-Casand Cyp-Cos alkyl and mixtures thereof,

The process according to any one of claims 18 to 28, wherein the alkaii
metal is sodiurn or potassium.

The process according to claim 29, wherein the alkali metal is potassium.

The process according fo any one of claims 18 to 30, wherein the alkaline

earth metal is caicium or magnesium.

The process according o claim 31, wherein the alkaline earth metal is
calcium.

The process according to any one of claims 18 fo 32, wherein the sulfur

source is selected from the group consisting of etementai sulfur and sulfur
halides.

The process according to claim 33, wherein the sulfur source is elemental
suifur. ’

The process according {6 any one of claims 18 1o 34 wherein the sulfur
content is in the range of about 0.1 1o 1.0 wt % in the alkaiine sarth metal

alkylhydroxybenzoate reaction product.

The process according fo claim 35, wherein the sulfur content is the range

of about G.1 fo 0.5 wt % in the alkaline earth metal alkylhydroxybenzoate
reaction product,
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A process for preparing an overbased alkaline sarth metal

alkylhydroxybenzoate reaction product, said process comprising:

a)

c)

neutralizing at least one alkyiphenol with an alkali metal base
to form an alkali metal alkylphenatg;

carboxylating the alkali metal alkyiphenate with carbon
dioxide to obtain an alkaii metal alkylhydroxybenzoate:
acidifying the alkali metal alkylhydroxybenzoate to form the
alkylhydroxybenzoic acid, and further reacting the
alkylhydroxybenzoic acid with an alkaline earth metal base to
form an alkaline earth metal alkylhydroxybenzoate; and
overbasing the alkaline sarth-metal alkylhydroxybenzoate
with an alkaline earth metal base and at least one acidic
overbasing matenal to form an overbased alkaline sarth metal

alkylhydroxybenzoaie reaction product;

wherein at least one-of the alkyiphenol, alkylphenate,

alkylhydroxybenzoic acid, alkali mstal alkyihydroxybanzoaie and

alkaline earth matal alkylhvdroxybenzoate or overbased derivatives

thereof is reacted with & sulfur source to achieve a sulfur content in
the range of about 0.1 1 1.2 wt % in the overbased alkaline earth

metal alkyihydroxybenzeate reaction product, and wherein at izast

50 mole % of the stariing alkyipheno! is converied te the overbased

alkaline earth metal alkylhydroxybenzoate reaction product.

The process according fo claim 37, wherein the alky! group of the

alkylphenol is a linear or branched alkyi group or a mixture of linear and

branched alkyl groups.

The process according to claim 37 or 38, wherein the alkyl group of the

alkyiphenol is a linear alky! group having from about 12 to 40 carbon

atoms.

The process according to any ong of claims 37 1o 39, wherein the alkyl
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group of the alkyiphenol is a linear alkyl group having from about 20 to 40
carbon atoms.

The process according {0 any one of claims 37 to 40, wherein the alkyl

group of the alkytphenol is a linear alkyl group having from greater than
about 22 to 30 carbon atoms.

The process according to ciaim 37 or 38, wherein the alkyl group of the

alkylphenol is a branched atkyl group having at least 9 carbon atoms.

The process according o claim 37, 38 or 42 wherein the alkyl group of the

alkyiphenol is a branched alkyl group having from about 8 to.24 carbon
atoms.

The process according to claim 37, 38, 42 or 43 wherein the alkyi group of

the alkyiphenol is a branched alkyl group having from about 10 fo 18 carbon
atoms.

The process according to claim 37 or 38, wherein the alkyl group of the

alkylphenol is a mixture of linear and branched alkyl.

The process according fo claim 45, wherein the alkyiphenol contains up 10 85
wt % linear alkytphenol in mixture with at least 15 wt % of branched
alkylphenols.

The process according to any one of claims 37 {o 32, wherein the alkyl
grou'p of the alkyiphenol is selected from the group consisting of iinear Cig-

C1g, C16-Cas, C15-Can, Cag-Coz, Cop-Cos and Cop-Cops alkyl and mixtures thersof,

The process according to any one of claims 37 fo 47, wherein the alkali
metal is sodium or potassium.
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The process according to claim 48, wherein the alkali metal is potassium.

The process according fo any one of claims 37 to 49 wherein the alkaline

earth metal is caicium or magnesium.

The process according to claim 50, wherein the alkaline earth metal is
caicium.

The process according to any one of claims 37 to 51, whersin the suifur

source is selected from the group consisting of elemental sulfur and sulfur
halides.

The process according to claim 52, wherein the sulfur source is giemental
sulfur.

The process according te any one of claims 37 to 53, wherein the suifur
content is in the range of about 0.1 to 1.0 wt %, in the overbased alkali

metal alkylhydroxybenzoate reaction product.
The process according to claim 54, wherein the sulfur content is the range
of about 0.1 to 0.5 wt % in the overbased alkaiine earth matal

alkylhydroxybenzoate reaction product.

The process according to any one of claims 37 to 55, wherein the TBN is
from about 20 to 500.

The process according to any one of claims 37 to 56, wherein the TBN is
from about 100 to 400.

The process according to any one of claims 37 to 57, wherein the TBN is
from about 150 to 300.

&1
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A product prepared by the process comprising:

a) neutralizing at least one alkylphenol with an alkali metal base
to form an atkali metal alkylphenate; and

b) carboxylating the alkali metal alkylphenate with carbon
dioxide fo obtain an alkali metal alkylhydroxybenzoate
reaction product;

wherein at least one of the alkyiphenot, alkylphenate and

alkylhydroxybenzoaie is reacted with & sulfur source {o achieve a

sulfur content in the range of about 0.1 to 1.2 wt % in'the alkali metal

alkylnydroxybenzoate reaction product, and wherein at lsast 50 mole

o, of the starting alkyiphenol is converted to the alkali metal

alkylhydroxybenzoate reaction product.

A product produced by the process comprising:

a) neutraiizing at ieast one alkylpheno! with an alkali metal base
to form an alkali metal alkylphenate;
B3 'carbokyiaﬁng the alkali metal atkylphenate with carbon
dioxide to obtain an alkaii metat alkylhydroxybenzoate; and
) acidifying the alkali metal alkylhydroxybenzoate to form the
alkyihydroxybenzoic acid, and further reacting the
alkylhydroxybenzoic acid with a molar excess of an alkaline
earth metal base to form an-alkaiine earth metal
alkylhydroxybanzoate reaction product;
wherein at ieast one of the alkyiphenol, alkylphenate,
alkylhydroxybenzoic acid, alkali metal alkylhydroxybenzoate and
alkaline earth metal alkyihydroxybenzoate is reacted with a sulfur
source {o achieve a sulfur contentin the range of about 0.1 fo 1.2-wt
9 in the alkaline earth metal alkylhydroxybenzoate reaction product,
and wherein at ieast 50 moie % of the starting alkyiphenol is
converied to the alkaline sarth metal alkylhydroxybenzoate reaction
product.
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A product produced by the process comprising:

a)

b}

dj

neutralizing at least one alkyiphenol with an alkali metal base
to form an alkaill metal alkylphenate;

carboxylating the alkali metal alkylphenate with carbon
dioxide to obtain an alkali metal atkylhydroxybenzoate;
acidifying the alkali metal alkylhydroxybenzoate to form the
alkylhydroxybenzoic acid, and further reacting the
alkylhydroxybenzoic acid with an alkaiine earth metal base o
form an alkaline earth metal alkylhydroxybenzoate; and
overbasing the alkaline earth metal alkylhydroxybenzoate
with an alkaline earth metal base and at ieast one acidic
averbasing material to form an overbased alkaline earth metal

alkylhydroxybenzoate reaction product;

wherein at least one of the alkylphenoi, alkylphenaie,

atkyihydroxybenzoic acid, alkaii metal alkylhydroxybenzoate and

alkaline earth metal alkythydroxybenzoate or overbased derivatives

thereof is reacied with a sulfur source to achieve a sulfur content in
the range of about 0.1 to 1.2 wt % in the overbased alkaline earth

metal alkylhydroxybenzoate reaction product, and wherein at lsast

50 mole % of the starling alkyiphenol is converted to the overbased

alkaline sarth metal alkvlhydroxybenzoate reaction product.

A iubricating oil compaosition comprising:

a)
b)

a major amount of base oil of lubricating viscosity and

a minor amount of an alkali metal alkylhydroxylbenzoate

reaction product obtained by the process comprising the

steps of:

i) neuiralizing at ieast one alkylphenol with an alkali
metal base fo form an alkaili metal alkyiphenate; and

ii) carboxylating the alkali meta! alkylphenate with carbon
dioxide to obtain an alkali metal alkyihydroxybenzoate
reaction product;

I
(o)
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wherein at least one of the alkylpheno!, alkytphenate, and
alkylhydroxybenzoate is reacted with a sulfur source {o achieve a
sulfur content in the range of about 0.1 to 1.2 wt % in the alkali metal
alkylhydroxybenzoate reaction product, and whereain at ieast 50 mole
% of the starting alkylphenol is converted to the alkali metal

alkylhydroxybenzoate reaction product.

A tubricating oil composition comprising:
a) a major amount of base oil of lubricating viscosity and
b} a minor amount of an alkaline metal alkylhydroxylbenzoate

reaction product obtained by the process comprising the steps

of:
1) neutraiizing at ieast one alkylpheno! with an alkali
metal base to form an alkali matal aIkyéphenate;
i) carboxylating the alkali metal alkyiphenate with carbon

dioxide to obtain an alkali metal alkylhydroxybenzoate;
and
i) acidifying the alkali metal alkyihydroxybenzoate 1o form
the alkylhydroxybenzoic acid, and further reacting the
atkylhydroxybenzoic acid with an alkaline earth metal
base to form an alkaline earth metal
alkylhydroxybenzcate reaction product;
wherein at least one of the alkylphenoi, alkyiphenale,
alkylnydroxybenzoic acid, alkali metal, alkylhydroxybenzoate
and alkailine earth metai alkylhydroxybenzoate is reactad with
a sulfur source to achieve g sulfur content in the range of
about 0.1 fo 1.2 wt % in the alkalins earth metal
alkylhydroxybenzoate reaction product, and wherein at least
50 mole % of the starting alkyiphenol is converted to the

alkaline earth metal alkylhydroxybenzoate reaction product.

A lubricating oil compaosition comprising:

a4
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a) a major amount of base oil of lubricating viscosity and
D) a minor amount of an overbased alkaline metal
alkylhydroxylbenzoate reaction product ob‘caine&i by the
process comprising the steps of: _
i) neutralizing at least one alkyiphenol with an alkali
metal base to form an alkali metal alkyiphenate:
ii) carboxyiating the alkali metal alkylphenate with carbon
dioxide to obtain an alkali metal alkylhydroxybenzoate;
i) acidifying the alkali metal alkylhydroxybenzoate to form
the alkylnydroxybenzoic acid, and further reaciing the
atkylnydroxybenzoic acid with an alkaline earth metal
base to form an alkaline earth metal
alkylhydroxybenzoate reaction product; and
iv) overbasing the alkaiine sarth matal
alkylhydroxybenzoate with an alkaline earth metal
‘base and at ieast one acidic overbasing material to
form an overbased alkaline earth matal
alkylnydroxybenzoate reaction product;
wherein at least ene of the alkylphenol, alkylphenats,
alkylhydroxybenzoic acid, alkaii metal, alkylhydroxybenzoate and
alkaline sarth metal alkylhvdroxybenzoate or overbased derivaiives
thereof is rsacted with a sulfur source to achieve a sulfur content in
the range of about 0.1 to 1.2 wt % in the overbased alkaiine earth
metal alkyinydroxybenzoate reaction product, and wharein at least
50 mole % of the stariing alkylphenol is converted fo the overbased

alkaline earth metal alkylhydroxybanzoate reaction produst.
A method of improving anti-comresion properties in an internal combustion
engine, said method comprising operaiing the material combustion engine

with the lubricating oil compesition of claim §2.

A mathod of improving anti-corrosion properties in an internal combustion



67.

engine, said method comprising operating the internal combustion engine

with the fubricating oil composition of claim 63.
A mathod of improving anti-corrosion properties in an internal combustion

engine, said method comprising operating the internal combustion gngines -

with the iubricating oil compesition of claim 64.
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