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POST-TREATED SULFURIZED SALT OF AN ALKYL-SUBSTITUTED
HYDROXYAROMATIC COMPOSITION

PRIORITY
0001} This application claims the benefit under 35 U.S.C. §119 to U.S. Provisional

Patent Application No. 61/580,562, filed on December 27, 2011, the contents of which are

mncorporated by reference herein.

BACKGROUND OF THE INVENTION

1. Technical Field

00021 The present invention generally relates 1 a post-treated sulfurized salt of an
alkyl-substituted hydroxvaromatic composition. The present invention further relates to a
post-treated sulfarized salt of an alkyl-substituted bydroxvaromatic composition having a
reduced content of unsulfurized alkyl-substituted hydroxyaromatic compound and s
unsulforized metal salt, methods of making same and their use in lubricating oil compositions.

2. Descniption of the Related An

{0603} The lubricant additive indastry generally uses alkyvl phenols (e g, tetrapropenyl
phenol, TPP} to prepare detergents comprismg sulfurized metal alkyl phenate. Metal salts of
sutfurized alkviphenols are useful lubricating oil additives which impant detergency and
dispersancy properties to the lubricating 0il composition for marine, automotive, railroad and
atr-cooled engines as well as providing for an alkalinity reserve in the il Alkalinity reserve
18 necessary in order to neuwralize acids generated during engine operation.  Without this

alkalinity reserve, the acids so generated would result in harmful engine corrosion. However,
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there may be some unreacted alkyl phenols such as tetrapropenyl phenol present jn the
sulfurized metal alkyl phenate as well as m lubricating oils containing one or more of the
sulfurized metal alkyl phenates.

[0004] A recent reproductive toxicity study in rats sponsored by the Petroleum
Additives Panel of the American Chemistry Couoncil shows that free or unreacted TPP may
cause adverse effects on male and female reproductive organs. Further, it is believed that TPP
may be corrosive or irthiating to the skin,

{0805] U.S. Patent Application Poblication No, 20080070818 (“the “818 poblication™}
discloses a lubricating oil composition mclodig at least one sulphunized overbased metal
phenate detergent prepared from a Cs-Uis alkyl phenol, at least one sulphunizing agent, at
least one metal and at least one overbasing agent; the detergent mcluding less than 6.0% by
combined mass of unsulphurized Co-Cys alkyl phenol and unsolphurized metal salts thereof
Examples A and B disclosed tn the “BI8 publication obtammed an overbased detergent having
558 and 3.84 mass %, respectively, of unsuphurized alkyl phenol and #s unsulphunized
calcian salt.

{0006} LS. Patent Applicaiion Publication No. 20090143264 (“the *264 publication™}
discloses salforized metal alky! phenate compositions having a low alloyl phenol content. The
sutfurized metal alkyl phenate compositions of the 264 publication can be prepared by
reacting a phenol compound such as tetrapropeny! phenol with an aldehvde to fonm a phenolic
resin and then reacting the phenclic resimn simultancously with @ metal base and a first

sulfarizing agent.

| o]
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{007} LS. Patent No. 3,649,229 {“the *229 patent”) discloses a condensation product
of (1} a high moelecular weight alkyl-substituted hyvdroxyaromatic compound, wherein the
alkyl group has a molecular weight from abowt 600 to about 3,000; {2) an aming which
contains a HN< group, 1.e,, an active hydrogen, and {3} an aldehyde, wherein the respective
molar ratio of the reactants iz 1:0.1-10:0.1-10. Example 7 of the 229 patent discloses that
Mannich reaction of polypropyiphenol sulfide with diethvienetriamine and paraformaldehvde.
{0008 LIS, Patent No. 4,088,580 (“the “586 patent™) discloses a Mannich base
prepared by condensing tetrapropenyiphenol, formaldehyde aud dicthylenetniamine, The "586
patent fiwther discloses that the calciom salt of the Mannich base is prepared using
conventional methods, for examiple, by treating the Mannich base with calcimum hydroxide m
the presence of a promoter,

{0009} LLS, Patemt No. 4157308 discloses Mannich bases and the alkaline ecarth
metal salts thereof, which are prepared by condensing formaldehyde and a polyamine with a
phenolic mixture consisting of {1} from 95 to 30% phenol alkviated with a propvlene tetramer
and {2} from 5 to 70% phenol alkviated with a straight-chamn alpha-clefin of from 16 to about
28 cartbon atoms or alpha-olefin mixtores wherein the alpha-olefing are of from 16 1o about 28
carbon atoms.

00101 LIS, Patent No. 4,157,309 discloses Mannich bases and the alkaline earth
metal salts thereof, which are prepared by condensing formaldehvde and a polvamine with a
sulfur-containing phenolic mixture consisting of (1) from S to 35 mol percent of & sulfurized
atkylphenol wherenn the alkyl group 18 CeCie alkyl, and {2} from 95 to 65 mol percent of

phenol alkyvlated with a propylene tetramer.
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0011} LN Patent No. 4,175,044 discloses Mannich bases and the alkaline earth
metal salts thereof, which are prepared by condensing formaldehyde and a polyamine with a
sulfur-containing phenolic mixture consisting of (1) from 5 o 40% of a sulfurized alkylphenol
wherein the alkyl group 18 CeCss alkyl, and (2) from 95 to 60% of a phenolic mixture
consisting of (a) from 93 to 30% phenol atkyvlated with a propylene tetramer and (b} from 5 to
70% phenol alkylated with a straight-chain alpha-olefin of from 16 to about 28 carbon atoms
or alpha-olefin muxtures wherein the glpha-olefing are of from 16 to gbout 28 carbon atoms,
{0812} GB1604609 discloses in Examples G and 2 the condensation product of a
mixture of alkyl phenol and a carbonated and non carbonated sulforized atkylphenolisalt
mixture, diethvlamine triamine, and paraformaldehyde.

{00131 However, problems associated with the use of a polyamine in preparing a
Mannich reaction product includes formation of sediment and plugging issues due to the
multiple reactions ocawrring from the highly reactive polyamine, as well as bemg too viscous
a matenal.

j0014] To reduce any potential health nisks to customers and 1o avoid potential
regulatory issues, there 18 a need to reduce the amount of free unsulfurized alkyl-substituted
hydroxyaromatic compoond and its metal salt o the salis of sulfunized alkyl-sabstituted
hydroxvaromatic compositions.  Accordingly, it is desirable to provide an improved process
for making post-treated salts of sulfunized alkyl-substituted hydroxvaromatic compositions
which have relatively low levels of unsulfunized alkyl-substituted hydroxyaromatic componnd

and s metal salt
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SUMMARY OF THE INVENTION

j0015] in accordance with one embodiment of the present invention, there is provided
a post-treated salt of a sulfunized alkvi-substitnted hydroxvarematic composition which 1s a
reaction product of {a) a sah of a sulturized alkyl-substituted hydroxyaromatic composition,
wherein the alkyl-substinged hyvdroxyaromatic compound i3 derived from alkylation of a
hyvdroxyaromatic compound with one or more olefins comprising Co to s oligomers of
monomers selected from propylene, butvlene or mixtares thereof, (b} a source of an aldehvde
and (¢} a prmary and/or secondary monoamine compound having at least one active
hydrogen.

[0016] in accordance with a second embodiment of the present invention, there is
provided a post-treated salt of a sulfurized alkvl-sobstituted hvdroxyaromatic composition
having a reduced content, by combined mass, of an unsulfumzed alkyvl-sabstituted
hydroxyaromatic compound and s unsulfurized metal salt, the post-treated salt of the
suifurized alkyvi-substituted hydroxyaromatic composition being preparad by a process
comprismg.

{0617} {a) providing a salt of a sulftnized alkyl-substiwed hydroxyvaromanc
composition coptaining an unsulfunized alkyl-substituted hydroxyaromatic compound and is
unsulfurized metal salt; wherein the alkyl-substituted hvdroxvaromatic compound is derived
from alkylation of a hydroxyvaromatic compound with one or more olefins comprising Co to0
s oligomers of monomers selected from propylene, batvlene or mixtures thereof] and

{0018} {by reacting the salt of a sulfurized alkyl-sobstitated hydroxyaromatie

composition with an effective amount of an aldebhvde and a primary and/or secondary
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monoamine compound having at least one active hydrogen and under reaction conditions
sufficient to provide a posttreated salt of the sulfurized alkyl-substituted hvdroxyarematic
composition having at least about 70% reduced content, by combined mass, of the
unsalfurized alkyl-substituted bydroxvaromatic compound and Hs onsulfurized metal sale,
compared {0 the content, by combined wmass, of the unsolfurized alkyvl-substituted
byvdroxyaromatic compound and its unsulfurized metal salt present in the non-post-treated salt
of & sulfurized alkyl-substituted hydrexyaromatic composition,

10019} In accordance with a third embodiment of the present rovention, theve is
provided a process for preparing a post-treated salt of a sulfunzed alkvl-substituted
hydroxvaromatic composition having 8 reduced content of vnsulfurized alkvi-substituted
hvdroxvaromatic compound and its unsulfunized metal salt, the process comprising the steps
of

{00201 {a} providing a salt of a sulftwized alkylsobstituted hydroxyaromatic
composition containing an vnsulfurized alkyvl-substituted hydroxyaromatic compound and its
unsulfurized metal salt; wherein the alkyl-substituted hydroxvaromatic compound is denved
from alkylation of a hydroxyaromatic compound with one or more olefins comprising G to
{15 oligomers of monomers selected from propylene, batvlene or muxtures thereof; and

j00211 {b} reacting the salt of a sulfurized alkyl-substitated hvdroxyaromatic
composition with an effective amount of an aldebvde and a primary andior secondary
monoaming compound having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the solfurized alkyi-sobstitated hydroxyaromatic

composition having at least about 70% reduced content, by combined mass, of the

6
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unsplforized alkylsubstituted hydroxyaromatic compound and #s ansulfurized metal salt,
compared to the content, by combined mass, of the wsulfunzed alkyl-substitated
hydroxyaromatic componnd and its unsulfurized metal salt present in the non-post-treated salt
of a sulfurized alkyl-substituted hydroxyaromatic composition.

j0022} In accordance with a fowth embodiment of the present mvention, there 18

provided a labricating oll composition comprising:

0023} {a) a major amount of an oil of lubricating viscosity; and
{0824 {b} at least one post-treated salt of a sulfurized alkyl-substituted

hydroxyaromatic composition which i3 a reaction product of (1) a salt of & sulfurized alkyl-
substituted hydroxyvaromatic composttion, wherem the alkyi-substituted hydroxyaromatic
compound s derived from alkylation of a hydroxyaromatic compound with one or more
olefins comprising Co to Cys oligomers of monomers selected from propylene, butylene or
mixtures thereof, (1) a source of an aldehyde and (1n) a primary andfor secondary monoamine
compourd having at feast one active hydrogen.

0025} in accordance with a fifth embodiment of the present invention, there is

provided a lubricating oil composition comprising:

{0026} {a) a major amount of an ol of lubricating viscosity; and
00271 {by at least one posttreated salt of 3 sulfurized  alkyi-substituted

hydroxyaromatic composition having a reduced content, by combined mass, of an
onsutfurized alkyl-substituted hydroxvaromatic compound and s onsulfurized metal salt, the
salt of a solforized alkyihydroxyaromatic composition bemg produced by a process

COMpPLIsng:
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[028] (1} providing a salt of a sulfmized alkyl-substituted hydroxyaromatic
composition contaming an vnsulfurized atkyl-substituted hydroxyaromatic compound and is
unsulfurized metal salt; wherein the alkyl-substituted hvdroxyaromatic compound 1s derived
from alkylation of a hydroxyaromatic compound with one or more olefing comprising Cs to
Cix oligomers of monomers selected from propylene, butylene or mixtures thereof, and

0029} {11} reacting the salt of a sulfurized alkyl-substituted hydroxyaromatic
composition with an effective amount of an aldehyde and a prmary and/or secondary
moenoanune componnd having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the sulfurized alkyl-substituted hydroxyaromatic
composition having at least about 70% reduced content, by combined mass, of the
unsulfunized alkvl-substitated hvdroxyaromatic compound and #s unsulfunized metal salt,
compared to the coment, by combined mass, of the unsulfurized alkvi-substituted
hydroxyaromatic compound and its unsulfurized metal salt present in the non-post-treated salt
of a sulfurized alkyi-substituted hvdroxyaromatic composition,

j00304 In accordance with a sixth embodiment of the present invention, there is
provided a method of operating an internal combustion engine comprising operating the
internal combustion engine with a lubricating ot composition comprising:

[0031] {a) a major amount of an oil of lubricating viscosity; and

[6032] {by at least one posttreated salt of a sulfurized alkvl-substituted
hydroxyaromatic composition which s # reaction product of (i) a salt of a sulfurized alkyl-
substituted  hvdroxyaromatic composttion, wherein the alkvl-sobstitnted hyvdroxyaromatic

compownd is derived from alkylation of 8 hydroxyaromatic compound with one or more
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olefing comprising Co to T oligomers of monomers selected from propylene, butvlene or
mixtures thereof, {11} a source of an aldehyde and (1i1) a primary and/or secondary monoantine
compound having at least one active hydrogen.

{0033} In accordance with a seventh embodiment of the present invention, there is
provided a method of operating an intemmal combustion engine comprising operating the

mternal combustion engine with a lubricating ofl composition comprising:

00341 {a} 8 major amount of an oil of lubricating viscosity; and
{0835] {b} at least one post-treated salt of a sulfurized alkyl-substituted

hydroxyaromatic composition having a reduced content, by combined mass, of an
unsulfurized alkvi-substitnted hydroxvaromatic compound and its unsulfurized metal salt, the
post-treated salt of a sulfunized alkylhydroxyaromatic compeosition being produced by a
Process comprising:

00361 {1) providing a sall of a sullurized alkyl-substituted hydroxyaromatic
composition containing an unsulfurized alkyvl-substituted hvdroxyaromatic compound and its
unsulfurized metal salt; wherein the alkyl-substitated hydroxvaromatic compound is derived
from alkylation of a hydroxyaromatic compound with one or more olefins comprising G to
{15 oligomers of monomers selected from propylene, batvlene or muxtures thereof; and

00371 {i1) reacting the salt of a sulfurized alkyl-substituted hydroxyaromatic
composition with an effective amount of an aldebvde and a primary andior secondary
monoaming compound having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the solfurized alkyi-sobstitated hydroxyaromatic

composition having at least about 70% reduced content, by combined mass, of the

9
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unsplforized alkylsubstituted hydroxyaromatic compound and #s ansulfurized metal salt,
compared to the content, by combined mass, of the wsulfunzed alkyl-substitated
hydroxyaromatic componnd and its unsulfurized metal salt present in the non-post-treated salt
of a sulfurized alkyl-substituted hydroxyaromatic composition.

[0038] In accordance with a eighth embodiment of the present invention, there is
provided a method for reducing the endocrine disrupting properties of a lubricating oil
composition on expoesure to manumals, the method comprising adding at least one post-treated
salt of a sulfurized alkyl-substitvied hydroxysromatic composition which is a reaction product
of {1} a salt of a salfurized alkyl-substituted hydroxyaromatic composition, wherein the alkyl-
substituted hvdroxvaromatic compound is derived from alkyvlation of a hvdroxyaromatic
compound with one or more olefins comprising Co to Cyy oligomers of monomers selected
from propylene, butvlene or mixtures thereof, (i1} a source of an aldehvde and (i1} a primary
andfor secondary monoamine compound having at least one active hvdrogen, to a lubricating
oil composition comprising a major amount of an 0if of lubricating viscosity.

0039 In accordance with a mnth embodiment of the present invention, there is
provided a method for reducing the endocrme disrupting properties of a lubricating oil
composifion on exposure to mammals, the method comprising adding at least one post-treated
salt of a sulfurized alkvihydroxvaromatic composition which 18 produced by a process
COMPpIiSing:

[0040] (i} providing a salt of a sulfurized alkvl-substitoted hydroxyaromatic
composition containing an wvnsubfurized alkyl-sobstituted hydroxyaromatic compound and its

unauifurized metal salty wherein the alkyl-substituted bydroxyvaromatic compounnd is derived

14
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from alkylation of a hydroxyaromatic compownd with one or more olefins comprising Ce to
iy oligomers of monoimers selected from propylene, butvlene or mixtures thereof: and

{0041} (it} reacting the salt of a sulfurized alkyl-sobstituted hydroxysromatic
composition with an effective amount of an aldehyde and a prmmary andior secondary
monoamine compoand having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the sulfurized alkyi-substituted hydroxvaromatic
composition having at least about 70% reduced content, by combined mass, of the
unsultfunized alkvl-substitated hydroxyaromatic compound and its unsulfunized metal salt,
compared to the confent, by combined mass, of the wnsulfunized alkyl-sabstituted
hydroxvaromatic compound and its unsutfurized metal salt present in the non-post-treated salt
of a sulfurized alkyl-substinied hvdroxyaromatic composition, to a lubricating oi
composition comprising a major amount of an oil of Inbricating viscosity.

00421 The process of the present invention advantageously provides a post-treated
salt of a sulfurized alkyl-substittted hyvdroxvaromatic composition contaning relatively low
levels of unsulfurized alkyl-substituted hydroxvaromatic compound and #ts unsulfurized metal
salt that can be prepared in a simple, cost efficient mamner. This is an unexpected
improvement in that the presence of the snsulfunzed alkyl-substituted hydroxyaromatic
compound and s unsulfwred metal salt 0 a salt of a sulfurized alkyl-substituted
hvdroxyaromatic composition is undesirable because of their deleterious estrogenic behavior

and there is a growing concern of their potential release m the environment.
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BRIEE DESCRIPTION OF THE DRAWINGS

00431 Figure 1 13 a bar graph showing the difference in mean blotted and wet uterine
weights for the four treatment groups {75, 250, 500, and 1000 myg'kg/dav) compared o the

vehicle control group.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0044] Prior to discussing the mvention in farther detail, the following terms will be
defined:

{0045 DEFINITIONS

{0046} As nsed heren, the following terms have the following meanings, unless

expressiy stated to the contrary:

{47} The term "hime" as used herein refers to calcum hydroxide, also known as
slaked lime or hydrated lime.

[0648] The term "Total Base Number” or "TBN" as used herein refers to the amount
of base equivalent to milligrams of KOH in 1 gram of sample. Thas, higher TBN nombers
reflect more alkaline products, and therefore a greater alkalinity reserve. The TBN of a
sample can be determimned by ASTM Test No. D2896-11 issued May 15, 2011 or any other

equivalent procedure.

{0049] The term "phenate” means a wetal salt of a phenol.
{0050 The term "alkylphenate” means a metal salt of an alkylphenol.
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LAY B The term "alkyiphenol” meaos a phenol having one or move alkyl substituents,
wherein at least one of the alkyl substituents has a sufficient nwmber of carbon atoms

mnpart oil solubility to the phenol.
0052} The term "lime" refers to calctum hydroxide, also known as slaked lime or

hydrated lime.

[O653) The term "metal” means alkali metals, alkaline earth metals, or mixtures
thereof.

{0054] The term “alkahine earth metal” refers to caloium, barfum, maguesium, and
strontigm.

00551 The term “alkahi metal” refers to lithnum, sodium, potassimm, rubidiun, and
Cesium,

0056} The term "metal base" refers to a metal hydroxide, metal oxide, metal

alkoxides and the Like and mixtwes thereof, wherein the metal is an alkaline earth metal o
alkali metal.

J005 7} The term “overbased” refers 1o a class of metal salts or complexes. These
materials have also been referred to as "basic”, "superbased”, "hyperbased”, "complexes”,
"metal complexes”, "high-metal contaming salis”, 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 organic compound
regeted with the metal, e.g, 8 cartboxyvhe acid. Suitable overbasing metals mnclude alkaline

earth metals such as magnesium, calciom, bantom, and strontium. Suttable overbasing metals

can be provided from the corresponding netal hydroxides, for example, calcimm hyvdroxide
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and magnesium hydroxide provide the sowce for the alkaline earth metals calcium and
magnesium, respectively. Additional overbasing can be achieved by the addition of acidic
overbasing compounds for example, carbon dioxide and boric acid.

{0058} The term "sulfated ash content” refers to the amount of metal-contaiming
additives {e.g., calchen, magnesium, molvbdenom, zing, etc.} in a lubricating oil composition

and is typically measured according to ASTM D874, which 5 incorporated herein by

reference,
100591 The present fnvention is divected to a post-treated salt of a sulfunzed alkyl-

substituted hydroxyaromatic composition which is a reaction product of {8} a salt of a
sulfurized alkvi-substituted hyvdroxvaromatic composition, wherein the alkvi-substituted
hydroxyaromatic compound s denived from alkyvlation of a hydroxvarematic compound with
one or more olefins comprising Gy to Ty oligomers of monomers selected from propylene,
butviene or mixtures thereof, (b) a source of an aldehvde and (c) a primary andior secondary
moenoamine compaund baving at feast one active hydrogen.

00601 in another embodiment, the present invention is further directed to a post-
treated sali of a sulfurized alkyl-substituted hydroxyaromatic composition having a reduoced
content of at {east about 70%, by combined mass, of an unsalfunzed alkvi-sabstituted
hydroxvaromatic compournd and its ansulfurized metal salt |, compared to the content, by
combined mass, of the unsulfurized alkyl-substituted bydroxyvaromatic compound and its
ansalfurized metal salt present in the non-post-treated sall of a sulfurized alkyl-substituted

hydroxyaromatic compostion.
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0061} In  general, the postdreated salt of a  sulfinzed  allylsubstituted
hydroxyaromatic composition 13 obtained by {8) providing a salt of a sulfurized alkyl-
substituted  hydroxvaromatic  composition containing  an  unsulfurized alkvl-substitated
hydroxyvaromatic compound and s unsulfurized metal salt; wherein the alkyl-substituted
hydroxyaromatic compound is derived from alkylation of a hydroxyvaromatic compound with
one or more olefins comprising Cy to Ty oligomers of monomers selected from propvlene,
butylene or mixtures thereof) and (b) reacting the salt of a sulfurized alkyl-substituted
hvdroxyaromatic composition an effective amount of an aldehvde and g primary andfor
secondary monoamine compound having at least one active hydrogen and under reaction
conditions sufficient o provide a post-trepted salt of the sulfurized alkvi-substituted
hvdroxyaromatic composition having at least about 70% reduced content, by combined mass,
of the unsulfunized alkyl-substituted hydroxyaromatic compound and its vnsulfunized metal
salt, compared to the content, by combined mass, of the unsulfwrized alkyl-substituted
hvdroxyaromatic compound and its unsulfurized metal salt present in the pon-post-treated salt
of a sulfurized alkvi-substituted bydroxyaromatic composition.

{0662} In step {(a), a salt of a sulfurized alkyl-substituted hydroxyaromatic
composition coptaining an unsulfunized alkyl-substituted hydroxyaromatic compound and its
unsulfurized metal salt is provided. In geperal, the composition is obtained by {1} alkviating a
hydroxyaromatic compound with one or more olefins comprising G to Cis oligomers of
monomers selected from propylene, butvlene or mixtures thereof, to provide an alkyl
substitated hydroxvaromatic compound; (i) sulfurizing and neutralizing the alkyl-substituted

hydroxyaromatic compound i any order to provide a salt of a sulfurized alkyl-substinted

"'Ji
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hydroxyaromatic composition; and (11} optionally overbasing the salt of a sulfurized alkyl-
substituted hydroxvaromatic composition.  In one embodiment, the unsulfurized alkyl
substituted hvdroxyaromatic compound 15 tetrapropenyl phenol. In certain embodinients, the
tetrapropeny! phenol comprises a mixture of the somers of tetrapropenyl phenol, soch as a
mixture of p-dodecyiphenol, m-dodecyiphenol and o-dodecviphenol.

0063} The alkyvi-substituted hydroxvaromatic compound employed in the present
invention is prepared by methods that are well known in the art.  Useful hvdroxyaromatic
compounds that may be alkylated include mononoclear monohydroxy and polyvhydroxy
aromatic hydrocarbons having 1 to 4, and preferably 1 to 3, hydroxyl groups. Switable
hydroxvaromatic compounds include phenol, catechol, resorcinol, hvdroguinone, pyrogaliol,
cresol, and the bike and mixtures thereof. In one embodiment, the hydroxvaromatic
compound is a phenol.

{0064} The alkyvilating agent emploved to alkyvlate the hydroxyaromatic compound
includes one or more olefing comprising Co to Cw oligomers of monomers selected from
propylene, butvlene or mixtures thereof, Generally, the one or more olefing will contain &
major mount of the Co to Cyx oligomers of monomers selected from propylene, butylene or
mixtures thereof. Examples of such olefins inchude propylene tetramer, butylene tnimer and
the like. As one skilled in the art will readily appreciate, other olefing may be present. For
exampie, the other olefins that can be used in addition to the Cy to Cyy oligomers include
linear plefins, cyche olefing, branched olefing other than propylene ohgomers such as
butylene or isobutylene oligomers, arvialkylenes and the bke and mixtores thereof Suitable

linear olefins include I-hexene, l-nonene, l-decene, l-dodecene and the like and mixtures

16



WO 2013/151593 PCT/US2012/071753

thereof.  Especially suitable linear olefins are high molecular weight normal alpha-olefing

2.3

such as Cis t0 Cw normal alpha~olefins, which can be obtained from processes such a
ethylene oligomerization or wax cracking.  Suitable cvclic olefins include cvclohexene,
cyclopentene, cyclooctene and the like and mixtures thereof. Suitable branched olefing
include butylene dimer or trimer or higher molecular weight isobutvlene oligomers, and the
like and mixtures thereof  Suitable arvialkvienes include styreme, methyl styrene, 3-
phenyipropene, 2-phenvi-2-botene and the hike and mixtures thereof.

0065} Alkylation of the hydroxvaromatic compound with the one or more olefins
comprising Co t0 Cix oligomers of monomers selected from propylene, butyvlene or mixtures
thereof is generally camred out in the presence of an alkviation catalvst. Useful alkylation
catalysts include Lewis acid catalysts, solid acid catalysts, wifluoromethanesulfonic acid, and
acidic molecular sieve catalvsts. Suitable Lewis acid catalysts include aluminum trichloride,
aluminam tribromude, aleminum tniodide, boron tinfluonde, boron tribronude, boron triodide
and the like.

j0B66] Suitable sohd acidic catalvsts include zeolites, and clays, andfor silica-
alumina.  The catalyst may be a molecular sieve.  Eligible molecular sieves are silica-
aluminophosphate molecular steves or metal silica-alummophosphate molecular sieves, m
which the metal may be, for example, iron, cobalt or nickel.  In one embodiment, a solid
catalyst is a cation exchange resin in its acid form, for example, crosshinked sulfomie acid
catalyst. Suftable sulfonated acidic fon exchange resin type catalysts include Amberlyst 367,
available from Rohm and Hass (Philadelphia, Pa). The acid catalyst may be reoveled or

regenerated when used in 3 batch process or a conlinuous provess.

;,.3
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{0067} The reaction conditions for the alkylation depend upon the type of catalyst
used, and any suitable set of reaction conditions that result in high conversion to the
alkyihydroxyaromatic product can be emploved. Typically, the reaction temperature for the
alkylation reaction will be in the range of about 25°C to about 200°C and preferably from
about 85°C 1o about 1353%C. The reaction pressure will generally be atmospheric, although
higher or lower pressures may be emploved. The alkylation process can be practiced in a
batchwise, continucus or semi-continuous manner. The molar ratio of the hvdroxyvaromatic
compound to one or more olefing 1s normally in the range of about 11 to about 8.5:1, and
preferably will be i the range of about 5:1 to about 3:1.

00681 The alkvlation reaction may be carried out neat or in the presence of a solvent
which is mnent to the reaction of the hvdroxyvaromatic compound and the olefin mixture. When
emploved, a typical solvent is hexane,

{00691 Lipon completion of the reaction, the desired alkyihydroxvaromatic compound
can be isolated using conventional techniques. Typically, excess hydroxyaromatic compound
is distiled from the reaction product.

{0670} The alkyl group of the alkvihvdroxvaromatic compound s typically attached to
the hydroxyaromatic compound primarily in the ortho and para positions, relative to the
hydroxyl group.

{0671} The alkyi-substituted hydroxvarematic compound 1s subsequently sulfunized
and neutralized in any order 1o provide a salt of a sulfurized alkyl-substituted
hydroxyaromatic composition. The sulfurization and neotralization steps can be performed m

any order so as 1o provide the salt of the sulfurized alkyvi-substituted hydroxyvaromatic
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composition.  Alternatively, the neutralization and sulfiwization sieps can be camried out
simultanecusly.

{0672} In general, sulfurization is camried out by contacting the alkvl-substitured
hydroxyaromatic compound with a sulfur sowrce which introduces S, brnidging groups
between alkyvl-sabstituted hvdroxyaromatic compounds, wherein x is 1 10 7, in the presence of
a base. Any saitable sulfiw source can be used such as, for example, elemental sulfur or a
halide thereof such as sulplur monochloride or sulphur dichlonide, hydrogen sulfide, sultur
dioxide and sodium salfide hydrates, The sulfur can be employed either as molten sulbur or as
a solid (e, powder or particulate} or as a solid suspension in a compauble hydrocarbon
liquad.

{00673} The base catalyzes the reachion 1 incorporate  sulfur onte  the
atkvihredroxyvaromatic compound. A suitable base includes, but is not himited to, NaOH,
KOH, Ca{OH ), and the hke and mixtares thereof.

{0074] The base is gencrally emploved at from about Q.01 to about | mole percent 1o
the alkyl-substituted hydroxvaromatic compound n the reaction system. In one embodiment,
the base is emploved at from about (.01 to about 0.1 mole percent to the alkyl-substituted
hydroxyaromatic compound in the reaction system. The base can be added to the reaction
mixture as a solid or a liquid. In one preferred embodiment, the base is added as an aqueous
solntion.

{00751 Sulfir 1s generally emploved at from about 0.5 to aboot 4 moles per mole of
the alkyl-sobstituted hvdroxvaromatic compound in the reaction system. In one embodiment,

suffur s employed at from about 0.8 to 2 moles per mole of the alkvi-substituted
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hydroxyaromatic compoand. In one embodiment, sulfur i3 emaploved at from abowt 1 to 1.5
moles per mole of alkyl-substituted hydroxyaronsatic compound.

{0676} The temperature range in which the sulfurization reaction is carried out is
generally about 150°C to about 200°C. In one embodiment, the temperature range is from
about 160°C to about 180°C. The reaction can be conducted under atmospheric pressure {or
slightly lower) or at elevated pressures. During sulfurization a significant amount of by-
product hydrogen sulfide gas is evolved. In one embodiment the reaction 1s carried out under
vacuurn to facilitate the HpS elimination. The exact pressure developed during the reaction is
dependent upon such factors as the design and operation of the system, the reaction
remperanire, and the vapor pressure of the reactants and products and it may vary during the
course of the reaction. In one embodiment, the process pressures are at atmospheric to about
20 mm Hg.

00771 Neutralization  of the sulfunzed or  uvoselforized  alkylsubstituted
hvdroxyaromatic compound may be camied out i 8 continuons or batch process by any
method known to a person skilled in the art. Numerous methods are known in the art to
neutralize the satforized or vosulfurized alkvl-sobstitnted hydroxyaromatic compounds and to
produce basic phenates by incorporation of a sowrce of base. In general, neatrahization can be
carried out by contacting the sulfurized or unsulfurized alkyl-substituted hvdroxyaromatic
compound with a metal base under reactive conditions, preferably in an mert-compatble
hiquid hydrocarbon diluent. I desired, the reaction can be conducted under an inert gas,
typically nitrogen. The metal base may be added either m 2 single additron or in a plarality of

additions at intermediate points during the reaction.
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[078] Suitable metal basic compoands clude hvdroxides, oxides or atkoxides of the
metal such as (1) an alkali metal salt derived from a metal base selected from an alkab
hvdroxide, alkali oxide or an alkali alkoxide, or {2} an alkalme carth metal salt derived from a
metal base selected from an alkaline earth hydroxide, alkaline earth oxide or alkaline earth
alkoxide. Representative examples of metal basic compounds with hvdroxide functionality
mnchide hithiwm hydroxide, potassium hvdroxide, sodium hydroxide, magnesium hydroxide,
calcium hydroxide, bariwm hydroxide, aluminum bydroxide and the like. Representative
examples of metal basic compounds with oxide huctionshty nclude hthunun oxide,
magnesium oxide, calcium oxade, bantum oxide and the like. In one embodiment, the alkaline
garth metal base s slaked lune (calcium hydroxide), because of its bandling convenience and
cost versus, for example, calcium oxide.

{0079} Neuntralization s typically conducted in a suitable solvent or diluents oil, such
as toluene, xylene and commuonly with a promoter such as an alcobol, e.g., a €y to Cys aleohol,
such as methanol, decyvl alcohol, or 2-ethyl hexanol; a diol, e.g., € 10 €y alkylene glveols,
such as ethylene glycol; andfor carboxylic acids. Suitable diluent oils include naphthenic oils
and mixed oils, e.g., paraffinic oils sach as 100 neutral oil. The quantity of solvent or dituent
oil ased 18 such that the amownt of solvent or oil in the final product constitutes from about
25% to about 63% by weight of the final product, preferably from about 30% to about 30%.
For example, the source of alkaline earth metal is added in excess as a shury (e, as a pre-
mixture of source of an alkaline earth metal lime, solvent or diluent oil} and then reacted with

the sulfuwrized or unsalforized alkyl-substitated hydroxyaromatic compound.
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{08} The neutralization reaction between the metal base and the sulfunized or
unsulfurized  alkyl-substituted  hydroxyaromatic compound is  typically conducted  at
temperatures above room temperature (20°C). In general, neotralization can be carried out at
a temperature of between about 20°C and about 150°C. It is however preferred 1o carry the
neutralization at low temperatore.  In one embodiment, newtralization can be carried out at a
temperature of between about 25°C and about 30°C. The neutralization reaction itself should
take place for a peviod of time of from about 5 to about 60 nunutes. I desired, the
neutralization reaction is carned out in the presence of a promoter such as ethylene glveol,
formie acid, acetic acud, and the {tke and mixtures thereof

0081} Lipon completion of the sulfunzing and neutralizing of the alkvi-substituted
hvdroxyaromatic compound, a neutral salt of a sulfurized alkyl-substituted hydroxyaromatic
composition is obtained. It desired, the neural salt of & sulfurized alkyi-substituted
hydroxyaromatic composition can be overbased 1o provide an overbased salt of a sulfurized
alkyi-substituted hydroxvaromatic composition. Overbasing can be carried out either during
or after one of the sulfurization and veutralization steps and by any method known by a
person skilled in the art. Alternatively, sulfurization, neutralization and overbasing can be
carried out simultaneousty. In general, the overbasing is camried out by reaction with an acudic
overbasing compound such as, for example, carbon dioxide or boric acid.  In one
embodiment, an overbasing process is by way of carbonation, i.e., a reaction with carbon
dioxide.  Such carbonation can be conveniently effected by addition of solvents | like
aromatic solvents, alcohols or a polyols, typically an alkylene diol, eg., ethylene glyveol

fec

Conveniently, the reaction is conducted by the simple expedizant of bubbling gaseons carbon
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dioxade through the reaction muxture. Exvess solvents and any water formed during the
overbasing reaction can be conveniently removed by distillation esther during or after the
reaction.

{0082} in one embodiment, the overbasing reaction is carried out in a reactor by
reacting the salt of the salforized alkyl-sobstituted hydroxyaromatic composition with a
source of an alkaline earth metal such as tme (1.2, an alkaline earth metal hydroxide) n the
presence of carbon dioxide, and n the presence of an arowmatic solvent (e.g., xylene), and a
hydrocarbyl alcohol such as methanol, Conventently, the reaction 1s conducted by the simple

expedient of bubbling gaseous carbon dioxide through the reaction mixture. The carbon

dioxide is miroduced over a perind of about 1 hour to abont 3 hours, at a temperature ranging
from about 30°C to about 60%C. The degree of overbasing may be controlled by the quantity
of the source of an atkaline earth metal, carbon dioxide and the reactants added to the reaction
mixture and the reaction conditions vsed during the carbonation process.

{O683) In another embodiment of the mvention, the overbasing reaction can be carried
out between about 140°C and gbout 180°C in the presence of a polyol, typically an alkvlene
diol, e.g., ethylene glycol, and/or atkanols, e.g.. Co 1o Cig alkanols, such as decyl alcobols, 2-
ethyl hexanol. Excess solvent and any water formed durmg the overbasing reaction can be
conveniently removed by distillation either during or after the reaction.

[0084] The overbased salt of a solfurized alkvi-substitted hydrexyaromatic
composition may have a TBN of from about 50 to about 300

0085 In general, the resulting neuwtral or overbased salt of a sulfunized alkyl

substituted hydroxyaromatic composition will contain an amount, by combined mass, of
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unsplforized alkyl-substituted hydroxyaromatic compound and #s ansulfurized metal salt that
will need to be further reduced in order minimize any potential health risks to customers and
to avold potential regulatory issues. In one smbodiment, the resulting non-posted neutral or
overbased salt of a sulfurized alkyl-substituted hydroxyaromatic composition will ordinarily
contain from about 2 to abowt 10 wi. %, by combined mass, of the unselfurized alkyl-
substituted hydroxyaromatic compound and its unsulfimized metal salt,
0086} As one skilled in the art would understand, the salt of @ sulfunized alkyl-
substituted hydroxyaromatic composition ¢an contain other components m addition to the
unsulforized alkyl-sabstituted hydroxyaromatic compound and its unsultfurized metal salt.
j00871 in step (b), the neutral or overbased salt of a sulfurized alkvi-substituted
hvdroxvaromatic composition is reacted with an effective amount of an aldehvde and a
primary andor secondary monoamine compound having at least one active hydrogen and
under reaction conditions sufficient to provide a post-treated salt of the solfurized alkyl-
substituted hydroxyaromatic composition having at least sbout 70% reduced content, by
combined mass, of the unsulfurized alkyl-substituted hydroxyaromatic compound and s
unsulfunized metal salt, compared to the content, by combined mass, of the unsulfunzed
alkvi-substituted hydroxyaromatic compound and s onsulfurized metal salt present in the
non-post-treated salt of a sulfurized atkyi-substituted hyvdroxyaromatic composition.
[0088] Suitable aldehvdes include formaldehyde, aldehydes haviag the formula

O

R TH
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wherein R 1s a branched or linear €y to Cyy alkyl radical, Cs to Cu oveloatkyl radical, Cs to
Cho aryl radical, G to Cap alkaryl radical, or a Oy to Cop aralkyl radical, and the like and
mixtures thereof. In one embodiment, the aldehvde 15 a non-enolizable aldehvde.

{0089 Representative examples of aliphatic aldehydes for use herein mclude, buot are
not limited to, formaldehvde, acetaldehyde, propionaldehyde, butvraldehyde, valeraldehyde,
caproaldehyde, heptaldehvde and the like.

00901 Representative examples of aromatic aldehvdes for use herein include, buot are
not  limted  to,  benzaldehyde,  alkylbenzaldebvde such  as  para-toluasldehyde,
hydroxybenzaldebyde and the hke.

j00911 Also useful are formaldebyde producing reagents, such agueous formaldehvde
solutions such as formahin solutions, formaldehvde oligomers, e.g trioxane, or polymers of
formaldehyde, such as paraformaldehyde. In one preferred embodiment, the aldehyde is
paratormaldehyde used.

{6192} In general, an effective amount of aldelryde present in step (b) ranges from
about 1 molar equivalents to about 15 molar equivalents per equivalent of the unsulfurized
atkvi-substituted hydroxvaromatic compound and its unsulforized metal salt present in the
neatral or overbased salt of a sulfunized alkyl-substituted hydroxyaromatic composition.  In
one embodiment, the amount of aldehvde present in step (b) is from about 1 molar equivalents
to about 10 equivalents per equivalent of the unsulfurized alkyl-substituted hydroxyaromatic
compound and s wwsulfurized metal salt present in the neutsal or overbased salt of a

sulfurized atkyl-substituted hydroxyaromatic composition.
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[0093] Suiable amune compounds are primary or secondary monoamines having at
least one active hydrogen. In one embodiment, a suitalile primary moncamine compound for
use herein 1s represented by the formula HNRR'. where one of the radicals R or RY is
hydrogen and the other radical is a C~Cyp hydrocarbyvl radical.  Examples of such C-Cyp
hydrocarbyl radicals include, but are not timited to, a straight or branched, substinged or
unsabstituted C:-Cao alkyl radical, a substituted or unsubstituted Ci-Cag cvcloalkyl radical, a
substituted or unsubstituted Ci-Cae cycloatvlalkyl radical, a substituted or unsubstituted Cy-
Cao cycloatkenyl radical, a substituted or unsubstituted Cs-Cro aryl radical, and g substituted
or unsubstifvted Cs-Cie arvialkyl radical; a substituted or unsubstituted € to Uz aleohol
radical; a substituted or unsubstituted €y 1o Coy alkoxy radical and the like.

{0094} Representative examples of alkyl radicals for use herein include, by way of
example, a straight or branched alkyl chain radical containing carbon and hydrogen atoms of
from 1 to about 30 carbon atoms and preferably from 1 to about 6 carbon atoms with or
without unsaturation, 1o the rest of the melecule, e.g., methyl, ethvl, n-propyl, -methylethyl
{isopropyll, n-butyl n-pentyl, erc., and the like.

{0095] Representative examples of cveloalkyl radicals for use herein include, by way
of example, a sabstituted or unsebstitvted non-aromatic mono or multicyche ring system of
about 3 to about 30 carbon atoms such as, for example, cvclopropyl, cyelobutyl, evclopentyl,
cyclohexyl, perhvdronapththvl, adamantyl and norbomyl groups, bridged coyclic groups or
sprivobicyclic groups, e.g.. spiro~{(4,4)-non-2-vl and the hike

{00961 Representative examples of eycloaltkylalkvl radicals for use beretn include, by

way of example, a substituted or unsubstituted cyclic ring-containing radical containing from
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about 3 to about 30 carbon atoms divectly attached o the alioyl group which are then attached
to the mam structure of the monomer at any carbon from the alkyl group that resulis in the
creation of a stable structure such as, for example, cyclopropylmethvl, cyclobutylethyl,
cyclopentyviethyl and the like.

{0097} Representative exanples of eycloalkenyd radicals for vse herein include, by
way of example, a substituted or unsubstituted cyclic ring-containing radical containing from
about 3 to about 30 carbon atoms with at least one carbon-carbon double bond such as, for
example, cvclopropenyl, cvelobutenyl, cyclopentenyl and the like.

[0098] Representative examples of aryl radicals for use herein mclude, by way of
example, a substituted or unsubstituted moncaromatic or polyaromatic radical contaming
from about 5 to about 30 carbon atoms such as, for example, phenyl, naphthvi,
tetrahydronapthyl, indenvl, biphenvl and the hke.

{00991 Representative examples of arylalkyl radicals for use herem include, by way of
example, a substituted or unsubstituted arvl group as defined heremn directly bonded o an
alkvl group as defined herein, e.g., -CHCeHs, ~CaHUHs and the ke,

{00100} Representative examples of alcohol radicals for use herein include, by way of
example, an ~OH groop attached via carbon hnkage to the rest of the molecule, 1e., of the
general formula ~R7OH, wherein R* is an alkyl, cycloalkyl, cyeloalkvlalkyl, cycloalkenyl,
arvl or an arvialkyl as defined herein and the OH group is attached to any carbon atom.
{00101} Representative examples of alkoxy radicals for ose herein include, by way of
example, an alkyl group as defined herein aitached via oxvgen linkage to the rest of the

molecule, ie., of the general formula ~OR’, wherein R' is an alkyl, cycloaliovl,

]
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eycloalkylalkyd, eyeloatkenyl, aryt or an arvialkyl as defined herein, e.g., ~OCH;:, -OCHs, or

ot

~OCsHs, and the like.

{00102} The substituents in the “substituted alkyl’, “substituted cycloatkyl’, ‘substituted
cycloalkylalkyl’, “sobstituted cycloalkenyl’,  “substituted  aryl’. “substituted  avvialkyl’,
‘substituted alcohol”, and “substituted alkoxy’ may be the samwe or different and include one or
more substituents such as hydrogen, bvdroxy, halogen, carboxyl, oxo (=), thio(=S),
substituted or unsubstituted atkyl, substituted or unsubstituted alkoxy, and the ke

{08103} Suitable primary monoaming compounds of the formula HNRR' include, but
are not hmited to, alkylamines such as methylamine, ethylamune, o-propylamine,
isopropyviamine, n-butylamine, isobutylamine, sec-butylamine, tert-burylamine, pentviamine,
hexviamine, heptvlamine, octyvlamine, nonylamine, decylamine, undecylamine,
dodecylamine,  tetradecvlamine, hexadodecylamine, stearylamine,  octadecylamine,
etcosylamine, and the like; cycloalkylamines such as cyclopentylamine, cyelohexylamine, and
the like; arviamines such as anibine, benzviamine, Z-aminotoluene, 3-aminotoluene, 4-
aminotoluene, and the hke; alkanolamines such as methanolamine, ethanolamine, and the
like; alkoxyamines such as 2 4-dimethylaniline, 2 3-dimethylaniline, 2, 5-dimethvlaniline, 2,6~
dimethylaniime, 3 d-dimethylanibine, 3 5-dimethylaniline, 2.4 S-nimethvlaniline, 24,6~

o

trimethvianiline, 3.4.5 6-tetramethylanitine, 2,45 o-tetranethylaniline, 2,3.5,
tetramethylaniline, 2-ethyl-3-hexylaniline, 2-ethvl-4-hexvlaniline, 2-ethyl-5-hexylaniline, 2-
ethyl-G-hexylaniline, 3-ethyl-4-hexylaniline, 3-ethyl-5-hexylaniline, 3-ethyl-2-hexylantline, 4~
ethyl-2-hexylanibine, S-ethyl-2-hexylaniline, s-ethyl-2-hexvianiline, 4-ethyl-3-hexvlaniling, $-

ethyl-3-hexvylaniline, 34 6-triethvlitioluene,  2-methoxyvaniline,  3-methoxvaniline, -
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methoxyaniline, Z-methoxy-3-methylaniline, 2-methoxy-4-methylaniine, 2-methoxy-~5-
methylaniline,  2-methoxy-G-methylanihine,  3-methoxy-2-methyvlaniline,  J-methoxy-4-
methylaniline,  3-methoxy-S-methylaniline,  3-methoxy-6-methvianiline,  4-methoxy-2-
methylaniline, 4-methoxy-3~methylantine, 2-ethoxyantline, 3-ethoxyanilime, 4-ethoxyaniline,
d-methoxy-S-methylaniline,  4-methoxy-6-methylaniline,  2-methoxy-3~ethylaniline, 2-
methoxy-4-ethylaniline, 2-methoxy-S-ethylaniline, 2-methoxy-6-ethylaniline, 3-methoxy-2-
cthvlaniling, 3-methoxy-4-cthylaniling, 3-methoxy-S-cthylaniline, 3-muethoxy-6-ethylanling,
4-methoxy-2-ethyvlaniling, 4-methoxy-3-cthylaniline, 2-methoxy-2.3 d-trimethylanihine, 3-
methoxy-2.4, 5-tnmethylamline, 4-methoxy-2,3 5-trimethylanihine, and the like and nuxtures
thereof.

{00104} In another embodiment, a suitable secondary monoamine compound for use
herein is represented by the formula HNRR', where R and R' are the same or different and are
C~Cao hydrocarby! radicals. Examples of sach hydrocarbyl radicals for R and R' of the
secondary monoamine compound can be any of the hydrocarbyl radicals discussed above for
the primary monoamine compounds.  Suitable secondary moncamine compounds of the
formula HNRRY include, but are not limited to, dialkylamines such as dimethylaming,
diethylamine, methylethvlamine, di-n-propylamine, dosopropylamine, duscobutylamme, di-
sec-butyviamine, di-tert-butylamine, dipentviamine, dihexylamine, and the like, dicycloamines
such as dicvclopentylamine, dicyclohexylamine, and the like; diarylamines such as
diphenylamuine, and the like! dialkanolamines such as diethanclamine, di-n-propanclamine,
dunsopropanolamune, and the bke, Nealkyvlalkanolamines such as N-methylethanolanioe, N-

ehiviethanolamine and the like and mixtures thereof.
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[1D5] In general, an effective amount of the monoamine compound present in step
{b} ranges from about | molar equivalents to about 15 equivalents per equivalent of the
unsulfurized alkvi-substitoted hydroxvaromatic compound and s unsulfunzed metal salt
present in the neutral or overbased salt of a sulfurized alkvi-substituted hvdroxyaromatic
composition. In one embodiment, the amount of monoamine compound present in step (b} 18
from about 1 molar equivalents to about 10 equivalents per equivalent of the unsulfirized
alkvi-substituted hvdroxyaromatic compound and s unsulfurized metal salt present in the
neutral or overbased salt of & sulfurized atkyl-substituted hydroxyaromatic composition.

[0 106] In one embodiment, an effective amount of aldehyvde and the moncamine
compound present in step (b} is a molar ratie of aldehvde to the monoammne compound
ranging from about 1:1 to about 5:1.

00167} in one embodiment, the reaction is carried out emploving a molar ratio of the
neutral or overbased salt of a sulfurized alkyl-substituied hydroxyaromatic composttion to
aldehvde to monoaming compound ranging from about 1:1:1 to about 1:10:10.

j00108] As one skilled in the an will readily appreciate, the reaction conditions will
necessarily depend on the reactants employed and their respective effective amount. In one
embodiment, suitable reaction conditions inclade a temperatare ranging from abount 70°C w0
about 180°C and time period for the reaction vanging from about 30 minutes to about 14 hour.
{00109} If desired, step (b} can be camried out in the presence of a suitable solvent,
which can be recovered from the reaction prodoct. Suitable solvents include organic solvents
such as, for example, aromatic hvdrocarbon solvents such as toluene, benzene, and the bke,

alcohol solvents such as methanol, ethanol, decvlaleohol, Z-ethyl hexanol and the hike, and
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mixtures thereof. I desired, the reaction may be carried out in a mineral hubricating oil and
the resulting product is recovered as a lubiicating oil concentrate.

{00110} The reaction of the neutral or overbased salt of a sulfunized alkyl-substituted
hydroxyaromatic composition with an effective amount of aldehvde and primary and/or
secondary monoamine compound having at least one active hydrogen is carried out wnder
reaction conditions sufficient to provide a post-treated salt of the sulfurized alkyl-substituted
hydroxyaromatic composition having at least about 70% reduced content, by combined mass,
of the unsalfurized alkyl-substituied hydroxyaromatic compound and its wsulforized metal
salt, compared o the content, by combined mass, of the unsulfurized alkyl-substituted
hydroxvaromatic compound and its unsulfurized metal salt present in the non-post-treated salt
of a sulfunzed alkyl-substitted hydroxvaromatic composition.  In one embodiment, the
reaction of the neatral or overbased salt of a sulforized alkyl-substituted hydroxyaromatic
composition with an effective amount of aldehyde and primary andfor secondary monoamine
compeound having at least one active hwdrogen is carried out under reaction conditions
sufficient to provide a post-treated salt of the sulfunzed alkyi-substituted hydroxyaromatic
composition having at least about 75% reduced content, by combined mass, of the
unsolforized alkyl-sabstitated hydroxyaromatic compound and its unsutfurized metal salt.
[00111} in one embodiment, the reaction of the neutral or overbased salt of a sulfurized
atkvi-substituted hydroxyaromatic composition with an effective amount of aldehvde and
primary and/or secondary moncamine compound having at least one active hwdrogen is
carrted out under reaction conditions sufficient to provide a post-treated salt of the sulfrized

alkyl-substituted hydroxvaromatic composition having af least about 80% reduced content, by
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combined mass, of the oosulfurized alkylsubstituted hydvoxyaromatic componnd and s
unsulfurized metal salt. 1o one embodiment, the reaction of the neutral or overbased salt of a
sulfurized alkyl-substitited hydroxyaromatic composition with an effective amount of
aldehvde and primary and/or secondary monoamine compound having at least one active
hydrogen s carried out under reaction conditions sufficient to provide a post-treated salt of
the sulfurized alkyl-substituted hydroxvaromatic composition having at least about 83%
reduced content, by combined mass, of the unsulfurized alkyl-substituted hyvdroxyaromatic
compound and s unsutfunized metal salt.

{00112} In one embodiment, the reaction of the neutral or overbased salt of a sulfunzed
allkvi-substituted hvdroxyaromatic composition with an effective amount of aldehvde and
primary and/or secondary monoamine compound having at least one active hydrogen is
carried out under reaction conditions sufficient to provide a post-treated salt of the sulfurized
atkyl-substituted bydroxvaromatic composition having at least about 80% reduced content, by
combined mass, of the unsuifunized alkyl-substitmted hydroxyvaromatic compound and its
unsulfurized metal salt. In one embodiment, the reaction of the neutral or overbased salt of &
sulfurized alkyl-sebstituted hydroxvaromatic composition with an effective amount of
aldehyde and primary andior secondary monoamine compound having at least one active
hydrogen is carried out under reaction conditions sufficient to provide a post-treated salt of
the sulfurized alkvl-substituted hydroxvaromatic composition having at least about 95%
reduced content, by combined mass, of the unsulfunized alkyl-substituted hydroxyaromatic
compound and its posulfurized metal salt. In one embodiment, the reaction of the neutral or

overbased salt of a sulfurized alkyl-substituted hydroxyaromatic composition with an
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effective amount of aldehyde and primary and/or secondary monocamine compound having at
Jeast one active hydrogen is carrted out under reaction conditions sufficient to provide a post-
treated salt of the sulfbrized alkyl-substituted hydroxyvaromatic compaosition having 100%
redaced content, by combined mass, of the unsulfunzed atkylsubstituted hydroxyvaromatic

compound and Hs unsulfurized metal salt.

fO0113] Labrnicating il Composition
j00114] Another embodiment of the present invention s directed to & lubricating oil

composition contaiming at least (8) a magor amount of an oil of tubricating viscosity; and (b) at
least one post-treated sall of a sulfurized alkyl-substiuted hydroxyaromatic composition
which is a reaction product of (i} a salt of a sulfurized alkyl-substituted hyvdroxyaromatic
composition, wherein the alkyl-substituted hydroxvaromatic compound s derived from
alkvlation of a hvdroxyaromatic compound with one or more olefins comprising Co to Cys
ohigomers of monomers selected from propylene, butylene or mixtwres thereof, (i) a sowrce of
an aldehvde and {111} a primary and/or secondary monoamine compound having at least one
active hvdrogen.

{06115} Another embodiment of the present invention is directed to a lubricating oil
composition contaming at least (a) a major amount of an o1l of fubnicating viscosity; and (b at
least one post-treated salt of a sulfurized alkyl-substituted hydroxyaromatic composition
having a reduced content, by combined mass, of an unsulfurized alkyl-substituted
hydroxyaromatic compound and s ansulfurized metal salt, the post-ireated salt of a

sulfurized atkythydroxvaromatic composition being produced by a process comprising:

[
L2
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{00116} (1} providing a salt of a sulfmized alkyl-substituted hydroxyaromatic
composition contaming an vnsulfurized atkyl-substituted hydroxyaromatic compound and is
unsulfurized metal salt; wherein the alkyl-substituted hvdroxyaromatic compound 1s derived
from alkylation of a hydroxyaromatic compound with one or more olefing comprising Cs to
Cix oligomers of monomers selected from propylene, butylene or mixtures thereof, and
{00117} {ii} reacting the salt of a sulfurized alkyl-substituted hydroxyaromatic
composition with an effective amount of an aldehyde and a prmary and/or secondary
moenoanune componnd having at least one active hydrogen and under reaction conditions
sufficient to provide a post-treated salt of the sulfurized alkyl-substituted hydroxyaromatic
composition having at least about 70% reduced content, by combined mass, of the
unsulfunized alkvl-substitated hvdroxyaromatic compound and #s unsalfunzed metal salt,
compared to the coment, by combined mass, of the unsulfunized alkyl-substituted
hydroxyaromatic compound and its unsulfurized metal salt present in the non-post-treated salt
of a sulfurized alkyi-substituted hvdroxyaromatic composition,

j00118] Generally, a  posttreated  salt of  the  sulfurized  alkyl-substituted
hydroxyaromatic composition of this invention will be present in the lubricating oil
composifions m an amoent of about amount of about .01 to about 10 wt. %, based on the
total weight of the lubricating oil composition. In one embodiment, a post-treated salt of the
sutfurized alkyi-substituted hydroxyaromatic composition of this invention will be present in
the lubricating oil compositions 1 an amount of about amount of about 0.01 to aboot 3 wi. %,

based on the total weight of the hibricating ot composttion.
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{0119 The ol of lubricating viscosity for wse i the lubricating oil compositions of
this invention, also referred to as a base oil, is typically present in a3 major amount, e.g., an
amount of greater than S0 wt. %, or greater than about 70 wi. %, or from about 80 to ghout
99.5 wt. % or from about 83 1o about 98 wt. %o, based on the total weight of the composition.
The expression “base oil™ as used herein shall be vnderstood to mean a base stock or blend of
base stocks which is a lubricant component that is produced by a single manufacturer o the
same specifications (independent of feed source or manufacturer's location); that meets the
same manufacturer’s specification; and that 18 wdentified by a umgue formwla, product
identification number, or both. The base oil for use herein can be any presently known or
later-discovered ol of lubricating viscosity used in formulating lubricating oil compositions
for any and all such applications, e.g., engine oils, manne cvliinder oils, functional fhuds such
as hydraulic oils, gear oils, transmission fhads, ete. Additionally, the base oils for use herain
can optionally contain viscosily mdex mmprovers, e.g., polymeric alkyhnethacrylates; olefinic
copolymers, e.g., an ethylene-propylene copolymer or a styrene-butadiene copolymer; and the
like and mixtures thereof,

{06120 As one skilled 1o the art would readily appreciate, the viscosity of the base ol
is dependent upon the application.  Accordmgly, the viscosity of a base ol for use herein will
ordinarity range from about 2 to about 2000 centistokes (¢St) at 100° Centigrade (°C).
Generally, mdividually the base oils used as engine oils will bave a kinematic viscosity range
at 100°C of about 2 ¢St to abont 30 o5t, or from about 3 ¢St to about 16 ¢St or from about 4
cSt o about 12 ¢St and will be selected or blended depending on the desived end wse and the

2., a lubricating ol

Loe

additives in the finished oif to give the desired grade of engine oil, &

(%]
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composition having an SAE Viscosity Grade of W, OW.20, 0W-30, 0W-40, OW.50, W60,
SW, SW.20, SW.30, 5W-40, SW.50, SW.60, 10W, 10W.20, 10W.30, 10W40, 10W-50,
PSW,ISW-20, 15W-30 or 15W-40. Otls used as gear ails can have viscosities ranging from
abhout 2 ¢St to about 2000 ¢St at 100°C. The kinematic viscosity of the base ois or the
hibricating ol compositions disclosed herein can be measured according to ASTM D 445,
which is incorporated herein by reference.

00121} Base stocks may be manufactured osing a variety of ditferent processes
mclading, but oot himited to, distiflation, solvemt refining, hydrogen  processing,
oligomenization, esterification, and rerefining.  Rerefined stock shall be substantially free
from materials introduced through manufacturing, contanunation, or previous use. The base
oil of the lubricating oil compositions of this invention may be any natural or synthetic
lubricating base oil. Suitable hwdrocarbon synthetic oils include, but are not limmted to, oils
prepared from the polymertzation of ethviene or from the polymerzation of l-olefing to
provide polymers such as polvalphaslefin or PAOQ ails, or from hydrocarbon synthesis
procedures using carbon monoxide and hydrogen gases such as in a Fischer-Tropsch process.
For example, a saitable base oil is one that comprises hitle, 11 any, heavy fraction; e.g., hitde,
if any, tube o1 fraction of viscosity 20 ¢St or higher at 100°C.

00122} The base o1l may be derived from natural lubricating oils, synthetic lubricating
oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization of
synthetic wax and slack wax, as well as hydrocracked base stocks produced by hydrocracking
{rather than solvent extracting) the aromatic and polar components of the crade. Suitable base

oils include those in all AP categories L 1, 1L 1V and V as defined in AP Pubbication 1309,
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Ldth Edwon, Addendom 1, Dec. 1998, Group IV base oils are polvalphaolefing (PAO).
Group V base oils include all other base oils not included in Group 1, 1, HE or V. Although
Group 1, Hi and IV base otls are preferred for use m this invention, these base oils mav be
prepared by combining one or more of Group L, I, L, IV and V bage stocks or base oils.
00123} Lisefal natural otls inclode miveral lubricating oils such as, for example, liquid
petroleunt oils, solvent-treated or acid-treated mineral fubricating oils of the paraffinic,
naphthenic or mixed paraffinic-naphthenic types, oils derived from coal or shale, antmal oils,
vegetable oils {e.g., rapeseed oils, castor oils and lard o}, and the like.

[060124] Uiseful synthetic lubricating oils inclade, but are not imied to, hydrocarbon
oils and halo-sabstituted hydrocarbon oils such as polymerized and interpolvimenized olefms,
e.g., polybutylenes, polypropylenes, propvlene-iscbutvlene  copolymers, chlonnated
polybutylenes, poly{i-hexenes), poly(l-octenes), poly{i-decenes), and the hke and mixtures
thereof] alkylbenzenes such as dodecylbenzenes, tetradecvibenzenes, dinonytbenzenes, di(2-
ethythexvl)-benzenes, and the bike; polvphenvls such as biphenyls, terphenvis, alkylated
polyphenvls, and the hike; alkviated diphenyl ethers and alkylated diphenyl sulfides and the
derivative, analogs and homologs thereof and the like.

[00125] Other usefal synthetic hubricating oils inchude, but are not himited to, oils made
by polymenizing olefins of less than 5 carbon atoms such as ethylene, propylene, butylenes,
isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are well
known to those skilled in the art.

{00126} Additional usehud synthetic hydrocarbon oils melude higuid polymers of alpha

olefiny baving the proper viscosity. Especially useful synthetic hydrocarbon oils are the

LS
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hydrogenated Hquid oligomers of (s to Cyi: alpha olefins such as, for example, I~decene
truner,

{00127} Another class of usetid synthetic lubricating oils include, but are not linuted to,
alkviene oxide polymers, 1e.. homopolymers, mterpolymers, and derteatives thereof where
the terminal hvdroxyl groups have been modified by, for example, esterification or
etherification. These oils are exemplified by the ois prepared through polymerization of
ethvlene oxide or propylene oxide, the alkyl and phenyl ethers of these polvoxyalkylene
polymers {(e.g., methyl poly propylene glycol ether having an gverage molecolar weight of
1,000, diphenyl ether of polyethylene glycol having a wmolecular weight of S00-1000, diethyl
gther of polvpropyviene glveol having a molecular weight of 1,000-1,508, eic.) or mono- and
polvearboxviic esters thereof such ag, for example, the acetic esters, mixed Cs-Cy fatty acid
esters, or the O3 oxo acid diester of tetraethylene glhycol.

{00128 Yet another class of uselul synthetic lubncating oils mclode, bot are not
tinaited to, the esters of dicarboxyvlic acids e.g., phthalic acid, succinie acid, alkyl sucomic
acids, alkenvl succinic acids, maleic acid, azelaic acid, suberic aad, sebacic acid, fomaric
acid, adipic acid, hnolete acid dimer, malome acids, atkyl malonic acids, atkeny! malome
acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl aleohol, dodecyl alcohol, 2-
ethvibexyvl alcohol, ethviene glveol, diethylene glyeel monoether, propylene glveol, efc.
Specific examples of these esters include dibutyl adipate, di{2-ethvthexyDsebacate, di-n-hexyl
fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl

phthalate, dieicosyl sehacate, the Z-ethytbexyl diester of hnoletc acid dimer, the complex ester
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formed by reacting one mole of sebacic acid with two moles of tetrasthylene glveol and two
moles of 2-ethvlhexanoic acid and the like.

{00129} Esters useful as svnthetic oils also include, but are not limited 1o, those made
from carboxylic acids having from about 5 to sbout 12 carbon atoms with alcobols, eg.,
methanol, ethanol, etc, polvols and polyol ethers such as neopentvl glvcol, trimethyvlol
propane, pentaervthritol, dipentaerythritol, tripentaerythritol, and the like.

00130} Silicon-based otls such as, for example, polvalkyl-, polyaryl-, polvalkoxy- or
polvarvioxy-siloxane oils and silicate oils, comprise another useful class of synthetie
labricating oils. Specific examples of these inchude, but are not mied to, tetraethy! silicate,
tetra-isopropyl stlicate, tetra-(2-ethyvihexvl) silicate, tetra-(4-methvl-hexvlisilicate, tetra-(p-
tert-butviphenylsilicate,  hexyl-(d-methyl-Z-pentoxyidisiioxane,  polvimethylisiloxanes,
poly{methylphenyljsiloxanes, and the like. Sull vet other useful synthetic lubricating oils
mcioade, bot are not himited to, hquid esters of phosphorous containing acids, e.g., tricresyl
phosphate, tricctyl phosphate, diethyl ester of decane phosphionic acid, etc., polymeric
tetrahyvdrofurans and the hke.

{06131} The lubricating ol may be dertved from unrefined, refined and rerefined oils,
either natural, synthetic or mixtares of two or more of any of these of the type disclosed
hereinabove. Unrefined oils are those obtained directly fromy a natural or synthetic source
{e.g., coal, shale, or tar sands bitumen) without further purification or treatment. Examples of
anrefined oils Include, but are not limited to, a shale oil obtamed directly from retorting
operations, a petroleam oil obtained divectly from distillation or an ester oil obtained directly

front an esterification process, each of which is then used without further treatment. Refined
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oily are similar to the unrefined oils except they have been further treated m one or more
pusification steps to unprove one of more properties.  These purification techniques are
known to those of skill in the art and include, for example, solvent extractions, secondary
distillation, acid or base extraction, filtration, percolation, hvdrotreating, dewaxmg, efc.
Rerefined oils are obtained by treating used otls in processes similar to those used to obtain
refined oils. Such rerefined otls are also known as reclaimed or reprocessed oils and often are
additionally processed by techniques directed to removal of spent additives and ol breakdown
produacts.

{00132} Lubricating o1l base stocks dertved from the hydrosomerization of wax may
also be used, either alone or in combination with the aforesaid natural and/or synthetic base
stocks. Such wax isomerate oil is produced by the hydroisomerization of natural or synthetic
waxes or mixtures thereof over a hydroisomerization catalyst.

001334 Natural waxes are typically the slack waxes recovered by the solvent dewaxing

of mineral oils; synthetic waxes are typically the wax produced by the Fischer-Tropsch

process.
06134} The lubricating oil compositions of the present invention may also contain

other conventional additives that can nopart or improve any desirable property of the
lubricating oil composition in which these additives are dispersed or dissolved. Any additive
known to a person of ordimary skill in the art may be used in the lubricating oil compositions
disclosed herein. Some suitable additives have been described 1o Mortier ot al., "Chemistry
and Technology of Lubricants.,” 2nd Editton, London, Springer, (1996); and lLeslie R.

Rudnick, "Lubricant Additives: Chemistry and Applications,” New York, Marcel Dekker
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{2003}, both of which are mcorporated herein by reference. For example, the lubricating oil
compositions can be blended with antioxidants, anti~-wear agents, detergents such as metal
detergents, rust inhibitors, dehazing agents, demulsifving agents, metal deactivating agents,
friction modifiers, pour point depressants, antifoanmmng agents, co-solvents, package
compatibilisers, comosion-inhibiors, ashless dispersants, dves, extreme pressure agents and
the like and mixtures thereof. A vanety of the additives are known and commercially
avatlable.  These additives, or thew analogous compounds, can be emploved for the
preparation of the lubricating ol compositions of the invention by the usnal blending
procedures.

[00135] in general, the concentration of each of the additives in the lubricating oil
composition, when used, may range from about 0.001 wit. % to about 10 wt. %, from about
$6.01 wt. % to aboat 5 wt. %, or from about 0.1 wi. %% to about 2.5 wit. %5, based on the total
weight of the lubricating o1l composition. Further, the total amount of the additives m the
lubricating oil composition may range from about 0.001 wi. %% to about 20 wi. %, from abowt
0.01 wt. % to about 10 wi. %, or from about 0.1 wi. % o about 3 wt. %, based on the total
weight of the labricating oil composition.

{00136} The lubricating oil composition disclosed heremn can contain one or more
antioxidants that can reduce or prevent the oxidation of the base oil. Any antioxidant known
by a person of ordinary skill in the art mav be used i the lubricating ol composition. Non-
Limiting examples of saitable antioxidants inclode amine-based antioxidants {e.g., alkyl
diphenviamines such as bis-nonyvlated diphenylamine, bis-octvlated diphenvianune, and

octylated/butvlated diphenvlamine, phenyl-c-naphthyvlamine, atkyl or arvialkyl sobstituted
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phenyl-a-naphthylamine, alkyiated p-phenylene diamines, tetramethyl-dianunodiphenylamine
and the like), phenolic antioxidants {e.g., 2-tert-butyiphenol, 4-methyl-2 6-di~tert-butylphenol,
2.4, o-tri-tert-butyliphenol, 2,6-di-tert-butyl-p-cresol, 2 6-di-tert-butviphenol, 4.4
methvlenebis-(2 6-di-tert-butylphenol}, 4.4'-thiobis{6-di-tert-butyl-o-cresel} and the like),
sulfur-based antioxidants (e.g., dilauryl-3 3'-thiodipropionate, sulforized phenolic antioxidants
and the like), phosphorous-based antioxidants (e.g., phosphites and the like), zinc
dithiophosphate, otl-soluble copper compounds and combanations thereofl The amount of the
antioxidant may vary from about 0.01 wi. % to about 10 wt. %, from abont 0.05 wi. % 10
about 5 wit. %, or from about 0.1 wit. % to about 3 wi. %, based on the total weight of the
lubricating oil composition. Some suitable antioxidants have been described in Leshie R
Rudnick, "Lubricant Additives: Chemustry and Applications,” New York, Marcel Dekker,
Chapter 1, pages 1-28 (2003}, which is incorporated herein by reference.

{00137} The lubricating ol composition disclosed herein can contain one or more
ashless dispersant compounds © maintain 30 suspension nsoluble materials resulting from
oxidation during use, thus preventing shudge focculation and precipitation or deposition on
metal parts. Dispersants may also function to reduce changes m lubricating oil viscosity by
preventmg the growth of large contaminant particles 1 the lubricant. Any dispersant known
by a person of ordinary skill in the art may be used in the lubricating oil composttion. An
ashless dispersant generally comprises an oil soluble polymeric hydrocarbon backbone having
functional groups that are capable of associating with particles to be dispersed.

{00138} In one embodiment, an ashless dispersant 1 one or more basic nitrogen-

coptaining ashiess dispersants.  Nitrogen-containing basic ashless (metal-free} dispersants
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contribuie to the base number or BN (as can be measured by ASTM D 28%6-11) of a
lubricating oil composition to which they are added, without introducing additional sulfated
ash.  Basic mtrogen-containing ashless dispersants useful in this invention mclude
hydrocarbyl succinimides; hydrocarbyl succinamides; mixed ester/amides of hydrocarbyl
substituted succinic acids formed by reacting a hydrocarbyl-substituted succinic acylating
agent stepwise or with a mixmure of alcohols and amines, and/or with amino alcohols;
Manmnich condensation products of hydrocarbyl-substituted phenols, formaldehyde and
polyamines; and amine dispersants formed by reacting igh molecular weight aliphatic or
alicyclic halides with amines, such as polvalkylene polvammes. Mixtures of such dispersants

can also be used.

{00139} Representative examples of ashless dispersants include, but are not hmited to,
amines, alcohols. amides, or ester polar moieties attached to the polymer backbones via

bridaimg groups. An ashless dispersant may be, for example, selected trom o1l soluble salts,
esters, amino-esters, amides, unides, and pxazolines of long chain hydrocarbon substitated
mono and dicarboxylic acids or their anbvdrides; thiocarboxylate derivatives of long cham
hydrocarbons, long chain aliphatic hydrocarbons having a polvamine attached directly
thereto; and Mannich condensation products formed by condensing a long chain sabstituted
phenol with formaldehyde and polvalkylene polvamine,

{00140} Carboxvlic dispersants are reaction products of carboxvlic acvlating agents
{acids, anhvdrides, esters, etc.) compnising at least about 34 and preferably at least about 54
cathon atoms with nitrogen containing compounds {sach as amines), organc bydroxy

compounds {such as aliphatic compounds including monchydric and polyhydric aleohols, or
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aromatic compounds including phenols and naphthols), and/or basic norgamic materials.
These reaction products include imides, amides, and esters.

{00141} Succinimide dispersants are a type of carboxyvlic dispersant.  They are
produced by reacting hydrocarbvl-substituted succinic acylating agent with organic hydroxy
compounds, or with amines comprising at least one hydrogen atom attached to a nitrogen
atom, or with a mixture of the hydroxy compounds and amines. The term "succinic acylating
agent” refers to a hydrecarbon-substituted succinic acid or a succinic acid-producing
compound, the latter encompasses the acd itselt  Soch matenals typieally wclude
hydrocarbyl-substiivted succmic acids, anhydides, esters (including half esters) and halides.
[00142] Succinic-based dispersants have a wide vanety of chemical structures. One

class of succinic-based dispersants may be represented by the formula:

H H
) Q ‘
L/ N
| S C ot 8
N R N
| x—-—{» R \w}-- R*—N
Hm(fmt?< * N e el
S )
H O Og L

wherein each R' is independently a hydrocarby! group. such as a polyolefin-derived group.

Typically the hydrocarbyl group s an alkyl group, such as a polvisobutyl group.

Ahernatively expressed, the R gronps can contain gbout 40 to about 500 carbon atoms, and
N . . » 3.

these atoms may be presemt m aliphatic forms. R7 18 an alkylene group, conmmonly an

ethviene (CoHy) group. Examples of succimmide dispersants include those described in, for

example, US. Patent Nos. 3,172,892, 4,234 435 and 6,165 235,
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[143] The polyvalkenes from which the substiuent groups are derived are typically
homopolymers and interpolymers of polymerizable olefin monomers of 2 to about 16 carbon
atoms, and usually 2 to 6 carbon atoms. The amines which are reacted with the succamic
acviating agents to form the carboxylic dispersant composition can be monoamines or
polyamines.

[00144] Succinimide dispersants are referred 10 as such since they normally contain
nitrogen largely m the form of unide functionality, although the anude tonctionality may be
the form of amine salts, amides, nidazohines as well as mixtures thereofl To prepare a
succnimide dispersant, one or more sacciic acid-producing compounds and one or more
amines are heated and typically water is removed, optionally in the presence of a substantially
mert organic hquid solvent/diluent. The reaction temperature can range from about 80°C up
to the decomposition temperature of the mixtore or the product, which typically falls between
about 1007C 1o about 300°C. Additional details and examples of procedures for prepaning the
succinimide dispersants of the present inveantion inchude those described 3n, for example, US.
Patent Nos. 3,172,892, 3 219,606, 3272746, 4234 435, 6,165 235 and 6,440,905,

{00145} Suitable ashless dispersams may also include amne dispersants, which are
reaction products of relatively high molecolar weight aliphatic halides and amines, preferably
polvalkylene polyamines. Examples of such amine dispersants melude those described in, for

33
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example, US. Patent Nos. 3,275,554, 3 43 and 3,565,804,

8.757. 3,454,

vv*Jn

00146} Suitable ashiess dispersants may further inclode "Mannich dispersants,” which
are reaction prodacts of alkyl phenols in which the alkyl group containg at least about 30

carbon atoms with aldehydes {especially formaldehyde) and amines {especially polvatkyiens
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polyanunes).  Examples of such dispersants inclode those described i, for example, US.
Patent Nos. 3,036,003, 3,586,629, 3,591,598 and 3,980,569,

{00147} Suitable ashless dispersants may alse be post-treated ashless dispersants such
as post-treated soccnimides, e.g., post-treatment processes involving borate or ethylene
carbonate as disclosed in, for example, U.S. Patent Nos, 4,612,132 and 4,746 446; and the like
as well as other post-treatment processes. The carbonate-treated alkenyl succminude is a
polybutene succinimide dertved from peolybutenes having g melecular weight of about 450 to
about 3000, preferably from about 900 to about 2300, more preferably from about 1300 ¢
about 2400, and most preferably from about 2000 to about 2400, as well as mixtures of these
molecular weights. Preferably, it is prepared by reacting, under reactive conditions, 8 nyxture
of a polvbutene succinic acid dertvative, an unsaturated acidic reagenmt copolvmer of an
unsaturated acidic reagent and an olefin, and a polvamine, such as disclosed in U.S. Patent
No. 5,716,912, the contents of which are incorporated heremn by reference.

{00 148] Suttable ashiless dispersants may also be polvmeric, which are interpolvimers of
oil-solubilizing monomers such as decvl methacrylate, vinvl deeyl ether and high molecular
weight olefins with monomers containing polar substitutes.  Examples of polymeric
dispersants include those described tn, for example, U.S. Patent Nos. 3329658, 3,449,250
and 3,066,730,

{00149} In one preferred embodiment of the present invention, an ashless dispersant for
use in the lubricating ol composition is a bis-succininude derived from a polyisobutenyl

groap having & number average molecolar weight of about 700 to about 23000 The
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dispersant(s) for use in the lubvicating ol compositions of the present ivention are preferably
non~-polymeric (e g, are mono- or Ms-succimimides).

{00150} The lubricating oil composition disclosed herein can contain an additional
detergent. Any compound or a mixture of compounds that can reduce or slow the butld wp of

engine deposits can be used as a detergent. Non-limiting examples of suitable metal detergent
mmclhude sulfurized or unsulfurized alkyl or alkemyl phenates, alkyl or alkenyvl aromatic
sutfonates, borated sulfonates, sulfurized or wnsulfurized metal salts of multi-hvdroxy atkyl or
alkenyl aromatic compounds, alkyl or alkenyl hydroxy aromatic sulfonates, sulfonized or
unsulforized alky!l or alkenyl naphthenates, metal salts of alkanoic acids, metal salts of an
alkyvl or alkenvl multiacid, and chemical and phyvsical mixtures thereof. Other non-limiting
examples of suitable metal detergents include metal sulfonates, salicvlates, phosphonates,
thiophosphonates and combinations thereof. The metal can be any metal saitable for making
sulfonate, salicviate or phosphonate detergents. Non-himitmg examples of suitable metals
mchude alkall metals, alkaline metals and transition metals. In some embodiments, the metal
is Ca, Mg, Ba, K, Na, L1 or the like.,

{00151} Generally, the amoant of the detergent additive can be less than 10,000 ppm,
less than 1000 ppm, less than 100 ppm, or less than 10 ppm, based on the total weight of the
lubricating oil composition. In some embodiments, the amount of the detergent 1s from about
0.001 wt. %% to about 5 wt. %5, from about 0.05 wt. % 1o about 3 wi. %, or from about 0.1 wt.
% to about 1 wi %%, based on the total weight of the lubncating ol composition. Some
suitable detergents have been described i Mortier et al, "Chemistry and Techuology of

Lubricants,” 2nd Edition, London, Springer, Chapter 3, paues 75-85 (1996); and Leshe R

pos

o
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Rudnick, "Lubricant Additives: Chemistry and Applications.” New York, Marcel Dekker,
Chapter 4, pages 113-136 {2003), both of which are incorporated herein by reference.

{00152} The lubricating ol composition disclosed herein can comtain one of more
friction modifiers that can lower the friction between moving parts. Any fricton modifier
known by a person of ordinary skill in the art may be vsed in the lobricating oil composition.
Non-limiting examples of suitable friction modifiers include fatty carboxylic acids;
derivatives {e.g., alcohol, esters, borated esters, amides, metsl salts and the hke) of fatty
carboxvhe acid; mono-, di- or tri-atkyl substituted phosphone acids or phosphonic acids;
derivatives {e.g., esters, amides, metal salts and the hike) of mono-, di- or tri-atkyl sabstituted
phosphoric acids or phosphonic acids; mono-, di- or tri-alkyl substituted amines; mono- or di-
alkyl substitted amides and combinations thereof  In some embodiments examples of
friction moditiers include, but are not limited to, alkoxylated fatty amines; borated fatty
epoxides; fatty phosphites, fatty epoxides, fatty amunes, borated alkoxylated fatty amines,
metal salts of fatty acids, fatty acid amides, glyeerol esters, borated glveerol esters: and fafty
mudazobines as disclosed in U.S. Patent No. 0,372,696, the contents of which are incorporated
by reference herein; friction modifiers obtained from a reaction product of a Gy to Cos, or a Cg
to Lz, or 8 Ty to Cyp fatty acid ester and a nitrogen-containing compoand selected from the
groap consisting of anmunonia, and an alkanolamine and the like and mixtares thereof. The
amount of the friction modifier may vary from about 0.01 wi. % to about 10 wi. %%, from
about Q.05 wt. % to about 3 wit. %%, or from about 0.1 wt. %% to about 3 wi. %, based on the
total weight of the lubricating oil composition.  Some sutable fiction modifiers bave been

described in Maortier et al, "Chemistry and Technology of Lubricants,” 2od Edition, London,
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Springer, Chapter 6, pages I83-187 {1996}; and Lesliec R. Rudnick, "Lubnicant Additives:

pes 171-222

pe

Chemistry and Applications,” New York, Marcet Dekker, Chapters 6 and 7, pa
{2003}, both of which are incorporated herein by reference.

00153} The labricating oil composition disclosed herein can contain one or more anti-
wear agents that can reduce friction and excessive wear. Any anti-wear agent known by a
person of ordinary skill i the art may be used in the lubricating oil composition. Non-
hnuting examples of suitable anti-wear agents include zine dittuophosphate, mesal {e.n., Ph,
Sb, Mo and the hke) salis of dithiophosphates, metal (e, Zn, Ph, Sh, Mo and the like} salts
of dithiocarbamates, metal {e.g, Zn, Pb, Sb and the hke) salts of fatty acids, boron
compounds, phosphate esters, phosphite esters, amine salts of phosphoric acid esters or
thiophosphoric acid esters, reaction products of dicvelopentadiene and thiophosphoric acids
and combinations thereof. The amount of the anti-wear agent may vary from aboot 0.01 wi,
% to aboat § wi. %%, from about 0.05 wi. %% to about 3 wt. %, or from abowt 0.1 wt. % to about
b wi. %, based on the total weight of the lubricating oil composition. Some suttable anti-wear
agents have been described in Leslie R, Rudnick, "Lubricant Additives: Chemistry and
Applications,” New York, Marcel Dekker, Chapter B, pages 223-258 (2003), which s
incorporated herein by reference.

j00154] in certain embodiments, the anti-wear agent is or comprises a dihvdrocarbyl
dithiophosphate metal salt, such as zine dialkyl dithiophosphate compounds. The metal of the
dihydrocarbyl dithiophosphate metal salt may be an alkali or alkeline earth metal, or
atuminam, lead, tim, molybdenum, manganese, nickel or copper. In some embodiments, the

metal is zine, In other embodiments, the alkyl group of the dihvdrocarbyl dithiophosphate
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metal salt bas from aboat 3 to about 22 carbon atoms, fom about 3 to about 18 carbon atoms,
from about 3 to about 12 carbon atoms, or from about 3 to about 8 carbon atoms. In further
embodiments, the alkyl gronp is linear or branched.

{00155} The amount of the dihydrocarbyl dithiophosphate metal salt including the zinc
dialkyl dithiophosphate salts in the lubricating o1l composition disclosed herein 18 measuared
by its phosphorus content. In some embodiments, the phosphorus content of the lubricating
oil composition disclosed herein is from about 0.01 wi, %% 1o about 0.12 wi. %%, from about 6.1
wi, Y% to ghout §.10 wi. %o, or from ghout 0.2 wi. % to about 0.8 wt. %, based on the total
weight of the hibricating o1l composition.

[00156] The lubricating oil composition disclosed herein can contain one or more foam
mhibitors or anti-foam inhibitors that can break up foams in oils. Anyv foam inhibitor or anti-
foam known by a person of ordinary skill in the art may be used in the lubricating oil
composition.  Non-limiting examples of suitable foam mmdubitors or anti-foam mbhibitors
inchide silicone oils or polvdimethylsioxanes, fluorosilicones, alkoxviated aliphatic acids,
polyethers {e.g., polyvethvlene glveols), branched polyvinyl ethers, alkyl acrvlate polymers,
atkyl methacrylate polvmers, polvalkoxyamines and combinations thercof  In some
embodiments, the foam inlubitors or anti-foam inhibitors comprises glveerol monostearate,
polyelveol pabmitate, a trialkyl monothiophosphate, an ester of sulfonated ricimoleic acid,
benzovlacetone, methyl salicvlate, glycerol monooleate, or glycerol dioleate. The amount of
the foam inhibitors or anti~foam inhibitors may vary from about 0.01 wi. % o about 5 wt. %,
from about .03 wit. % to about 3 wi. %, or from about 0.1 wt. % to about 1 wt. %%, based on

the total weight of the lubnicating oil composition.  Some suiable foam inhibitors or anti-
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foam inhibitors have been deseribed in Mortier et al, "Chemistry and Technology of
Lubricants," 2nd Edition, London, Springer, Chapter 6, pages 190-193 {1996}, which is
mcorporated herein by reference.

00157} The labricating oil composition disclosed herein can contain one or more powr
point depressanis that can lower the powr point of the lubricating oif composition. Any pour
point depressant known by a person of ordinary skill in the art may be used in the lubricating
oil composition,  Non-limiting examples of sattable powr pomt depressants  include
polyvmethacrylates, alkyl acevlate polymers, alkyl wethacrvlate polymers, ditetra-parafiin
phenol)phthalate, condensates of tetra-paraffin phenol, condensates of a chlormated parvaffin
with naphthalene and combinations thereof. In some emboduments, the pour point deprassant
comprises an ethviene-vinyl acetate copolyvmer, a condensate of chlorinated paraffin and
phenol, polyalkyl styrene or the like. The amount of the pour point depressant may vary from
about .01 wt. % to about 10 wi. %, from about .03 wi. %6 to abowt 5 wi. %, or from abouot
.1 wi. % 1o about 3 wt. %, based on the total weight of the lnbricating oil composttion.
Some suitable pour point depressants have been described in Mortier et al, "Chemistry and
Technology of Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 187-189 (1996},
and Leslie R Rudnick, "Lubricant Addumives: Chepnstry and Applications,” New York,
Marcel Dekker, Chapter 11, pages 329-354 (2003}, both of which are incorporated herein by
reference.

[00158] The lubncating oil composition disclosed herein can contain one or more

demulsifiers that can promote oil-water separation m lubricating oil compositions that are

exposed o water or steam.  Any demuisifier known by a person of ordinary skill n the art
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may be used in the lshricating ol composition.  Non-limiting examples of suitable
denulsifiers inclade antonic swefactants {e.g, alkyl-naphthalene sulfonates, alkyl benzene
sulfonates and the like), nontonic alkoxviated alkyl phenol resins, polymers of alkyvlene
oxides {e.g., polvethviene oxide, polypropylene oxide, block copolymers of ethylene oxide,
propylene oxide and the like), esters of oil solable acids, polvoxvethylene sorbitan ester and
combinations thereof. The amount of the demulsifier may vary from about 0.01 wt. % to
about 10 wi, %%, from about 8.05 wi. % to about § wt, %, or from about 0.1 wt, % to about 3
wi. %, based on the total weight of the lubricating ol composition,  Some spitable
demulsifiers have been described 1 Mortier et al, "Chemistry and Technology of
Lubricants,” 2nd Edition, London, Springer, Chapter 6, pages 190-193 {1996}, which is
mcorporated herein by reference.

j00159] The lubricating oil composition disclosed herein can contain one or more
corrosion inhibitors that can reduce corrosion. Any corrosion whibitor known by a person of
ordinary skill in the art may be used in the lubricating oif composition.  Noo-limiting
examples of suitable corrosion inhibitor include half esters or amides of dodecylsuceinic acid,
phosphate esters, thiophosphates, alkyl imidazolines, sarcosines and combinations thereof,
The amount of the corrosion mhibitor may vary from about 0.01 wt. % to about 5 wi. %, from
about 0.05 wi. % to about 3 wt. %, or from about 0.1 wi. % o about 1 wi. %, based on the
total weight of the lubricating oil composition. Some suitable corrosion mhibitors have been
described in Mortier et al., "Chemistry and Technology of Lubricants,” 2nd Edition, London,

Springer, Chapter 6, pages 193-196 {1996}, which s incorporated hevein by reference.
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{1 60] The lubricating oil composition disclosed herein can contain one of more
extrene pressure (EP) agents that can prevent sbiding metal surfaces from seizing under
conditions of extreme pressure. Any extremie pressure agent known by a person of ordinary
skill in the art may be used in the lubricating oil composition. Generally, the extreme
pressure agent is a compound that can combine chemically with a metal to form a surface film
that prevents the welding of asperities in opposing metal surfaces snder high loads. Non-
limiting examples of suitable extreme pressure agems include sulfurized antmal or vegetable
fats or oils, sulfurized antmal or vegetable fatty acid esters, fully or partially esterified esters
of trivalent or pentavalent acids of phosphorus, sulfoarized olefing, dihwdrocarbyl polysulfides,
sulfurized Diels-Alder adducts, sulfurized dicyclopentadiene, sulfurized or co-sulfurized
mixtores of fatty acid esters and monounsaturated olefins, co-sulfurized blends of fatty and,
fatty acid ester and alpha-olefin, functionally-substituted dihydrocarbyl polvsulfides, thia-
atdehydes, thia-ketones, epithio compouands, sulfur-containing acetal derivatives, co-
sufurized blends of terpene and sceyehic olefins, and polvsulfide olefin products, anvne salts
of phosphoric acid esters or thiophosphoric acid esters and combinations thereof. The amount
of the extreme pressure agent may vary from about 0.01 wt. %2 1o about 5 wit. %, from about
.03 wt. % to about 3 wi. %, or from about 0.1 wit. % to abowt 1 wi. %, based on the total
weight of the fubricating oil composition. Some suitable extreme pressure agents have been
described i Leslie R Rudnick, "Lubricant Adduives: Chemistry and Applications,” New
York, Marcel Dekker, Chapter §, pages 223-258 (2003), which 1s incorporated herean by

reference.
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U TS The lobricating oil composition disclosed herein can contain one or more rust
inhibitors that can inhibit the corrosion of ferrous metal swrfaces. Any rust inhititor known
by a person of ordinary skill in the art mayv be used in the lubricating oil composition. Non-
limiting examples of suitable rust inhibitors include nonionic polvoxyaltkviene agents, eg.,
polvoxyethylene lauryl ether, polvoxyethylene bigher alcohol ether, polvoxyethvlene
nonviphenyl ether, polyoxvethviene octylphenyl ether, polyoxyethylene octyl stearyl ether,
polyoxvethyiene oleyl ether, polvoxvethylene sorbitol moncstearate, polyoxyvethylene sorbited
monooleate, and polyethvlene glveol monooleate; stearic acid and other fatty acids;
dicarboxylic acids; metal soaps; fatty acid amine salts; metal salte of heavy sulfonic acid;
partial carboxvlic acid ester of polyhydrie alcohol; phosphoric esters; (short-chain) atkenyl
sucemnic acids; partial esters thereof and nitrogen-containing derivatives thereof] syathetic
alkarylsalfonates, eg, metal dinonyinaphthalene sulfonstes; and the like and muxtures
thereof. The amount of the rust mhibitor may vary from about 0.01 wt. % to about 10 wi. %,
from about 0.05 wt. % to abowt § wi. %, or from about 0.1 wt. %% to about 3 wit. %6, based on
the total weight of the lubricating oil composition.

00162} The lubricating ol composition disclosed herein can contam one or more
multifimctional additives.  Non-bmiting examples of switable multhmcetional additives
imclude  sulfurized  oxymolybdenum  dithiocarbamate,  sulfurized  oxymolybdenum
organophosphorodithioate,  oxymolybdenum monoglveenide, oxymolvbdenom  diethvlate
amide, amine~-molybdenwn complex compound, and sulfur-containing molvbdenam complex

compound.



WO 2013/151593 PCT/US2012/071753

[(163] The lubricating oil composition disclosed herein can contain one of more
viscosity index improvers. Non-himiting examples of swtable viscosity index mmprovers
mcinde polymethacrvlate type polvmers, ethylene-propylene copolvmers, styrene-isoprene
copolymers, hvdrated styrene-isoprene copolymers, polyisobutylene, and dispersant tvpe
viscosiy index improvers.

{00164} The lubricating otl composition disclosed hereln can contain one or more metal
degetivators,  Non-limiting examples of suitable metal deactivators mclude disalicylidene
propylenediamine, triazole dertvatives, thiadigzole devivatives, and mercaptobenzimidazoles.
[00165] i desired, the lubricant addiives mav be provided as an additive package ov
concentrate in which the additives are incorporated into a substantially inert, normally hquid
organic diluent such as, for example, mineral oil, naphtha, benzene, toluene or xylene to form
an additive concentrate. These concentrates usually contain from about 20% 1o about 80% by
weight of sach diluent. Typically, a neutral o1l having a viscosity of about 4 to about 8.5 ¢S5t
at 100°C and preferably about 4 1o about 6 ¢St at 100°C will be used as the diluent, though
syithetic oils, as well as other organic Haguids which are compatible with the additives and
fimshed lubricating oil can also be used. The additive package will typically contain one or
mote of the vartous additives, referred to above, in the desired amounts and ratios to facilitate
direct combination with the requisite amount of the oil of lubricating viscosity,

{00166} In the present mvention, the sulfated ash content of the total lubricating ol
composition is ess than 5 wi. %, less than 4 wt. %, less than 3 wit. %%, less than 2 wt. %, or

Jess than 1wt %%, as measored according to ASTM D874-07.
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[(167] The lubricating oil composition disclosed herem may be suitable for use as
motor oils (or engine oils or crankease oils), trunk piston engine oils, marine oils,
transnussion fluids, gear oils, power steering fluids, shock absorber fluids, brake fluids,
hydraulic Huids andfor greases.

[00168] In one embodiment, the hubricating o1l composition disclosed herein is a motor
or engine oil. Such a motor oil composition may be used to lubricate all major moving parts
i gny reciprocating tmternal combustion engine, reciprocgting compressors and in steamn
engines of crankcase design. In automotive applications, the motor oil composition may also
be used to cool hot engine parts, keep the engine free of rust and deposits, and seal the rings
and valves agamst leakage of combustion gases. The motor oil composition mav comprise a
base oil, a post-treated salt of a sulfurized alkyl-substitnted hvdroxvaromatic composition
disclosed herein, and one or more optional additives.

{00169 In one embodiment; the labricating ot composition disclosed herein 13 a gear
ol for either antomotive or mndustrial applications. The gear oil composition may be used (o
lubricate pears, rear axles, automotive transmissions, final drive axles, accessories in
agricaliural and construction equipment, gear housings and enclosed chain doives. The gear
oil composition may comprise a base oil, a post-treated salt of a sulfurized alkyl-sabstituted
hydroxvaromatic composition disclosed herein, and one or morve optional additives

{00170} In one embodiment, the lubricating oil composition disclosed heremn is a
transmission fluid.  The transmission fhuid composition may be uwsed in cither automatic

transnussion or manual tansmission to reduce transmission losses. The pansmission fluid
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composition may comprise a base oil, a post-treated salt of a sulfinized allyl-substituted
hydroxyaromatic composition disclosed herein, and one or more optional additives.

{00171} In one embodiment, the lubricating oil composition disclosed herein 15 a grease
used 1 various applications where extended lubrication 1s required and where oil would not
be retained, e.g., on a vertical shaft. The grease composition may comprise a base oil, a post-
treated salt of a sulfurized alkvl-substituted bydroxyvaromatic composition disclosed herein,

one of more optienal additives and a thickener.

100172} The following non-hmiting exaraples are Hustrative of the present invention.
[00173] The concentration of free unsulfurized alkyl-sobstitated hydroxyaromatic

compound and its unsulfurized metal salts in the post-treated salt of the sulfurized alkyl-
substituted hydroxyaromatic composition as disclosed herein and exemplified below, as well
as lubricants and o1 additives contaiming salts of the solftrized alkvl-sobstitated
hydroxyaromatic composition 1s determined by veverse phase High Performance Liguoid
Chromatography (HPLC).  In the HPLC wethod, samples were prepared for analysis by
weighing accurately 80 to 120 myg of sample into a 10 mi volumetric flask, diluting to the
level mark with methylene chloride, and mixing until the sample is fully dissolved.

{00174} The HPLC system wsed in the HPLC method mcluded a HPLC pamp, a
thermostatted HPLC colamn compartment, HPLC fluorescence detector, and PC-based
chromatography data acquisition system. The particular system described is based on an
Agitent 1200 HPLC with ChemSiation software. The HPLC column was a Phenomenex
Luna C8(2) 150 x 4.6mm Spm 1004, P/N 00F4249F0.

{001 75] The following svatem seitings were used i performing the analyses:
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{0176} Pump flow = 1.0 mlifmin

[00177} Maxinum pressure = 200 bars

{00178} Fluorescence wavelength: 225 excitation 313 emission ) Gain =9

{00179 Column Thermostat temperature = 25°C

{00180} Injection Size = 1 yL of diluted sample

{00181} Elution tvpe: Gradient, reverse phase

j00182} Gradient: 0-7 min 85/15 methanoliwater switching to 100% methanol linear
gradient.

[00183] Run time: 17 minutes

[00184] The resulting chromatograph typically contains several peaks. Peaks due to

the free unsulfurized alkvl-substituted hvdroxyaromatic compound and its unsulfurized metal
salts, which convert to free wn-sulfurized hvdroxyaromatic compound under these conditions,
elute together at early retention times; whereas peaks due to sulfwrized salts of alkyl-
substituted hydroxvaromatic compositions typieally elute @t longer retention times.  For
purposes of quantitation, the area of the single largest peak of the free unsulfurized alkyl-
substituted hydroxyaromatic compound and #ts vnsulfurized metal salts was measared, and
then that area was nsed to determine the concentration of the total free unsalfartzed alkyl-
substituted hydroxyaromatic compound and its uasulfurized metal salt species.  The
assumption is that the speciation of alkvl-substituted hydroxvaromatic compounds does not
change; if something does change the speciation of the alkvl-subsiituted hvdroxyaromatic

compounds, then recalibration is necessary.
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U B The area of the chosen peak is compared to a calibration curve to arrive at the
wi-% of free alloviphenol and free unsulfurized salts of alkylpheneols. The calibration curve
was developed using the same peak m the chromastograph obtained for the free unsulfunized

alkyihvdroxyaromatic compound ased 1o make the phenate product.

ENAMPLE 1
j00186] Preparation  of  Maonich  Post-Treated  Sulfunized  Calcium Phenate

Composition,

[00187] 10 g of an overbased sulfurized calcium phenate composition {commercially

avatlable from Chevron Oronite Company LLC) having a TPP content of about 8 wt. % was
heated to abour 80°C and transferred to a 100ml rwo-neck round bottom flask.  The
temperatare in the flask was maintained at about 80°C while 3ml of toluene solvemt
{approximately 50 wit. % equivalent of the phenate charge) was added to the composttion.
Immediately after the addition of solvent, 5 molar equivalents of paratormaldebvde (based on
molar equivalent of residual TPP) was added and then the mixture was held at 80°C for 10
nmunutes.  Nexi, 5 molar equivalents of diethylamine {based on molar equovalent of residual
TPP) was then slowly added and the reaction conditions were maintained at a temperature of
80°C for a reaction time of 4 hours. At the end of the reaction time, the solvent was distilled
under vacuum. The distilled product had a residual total TPP content of 0.53 wi. %, which

resulted in g 93.38% reduaction.
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EXAMPLES 2 to 14 and COMPARATIVE EXAMPLES A and B

The following examples were repeated in substantially the same manner as

Example 1 using the reactants and reaction conditions as set forth below in Table 1.

in

Example 5, the overbased sulfurized calcium phenate composition was first quenched with 1

molar equivalent of acetic acid prior to the addition of the Mannich reagents.

For the

following examples, the source of formaldehvde was paraformaldehvde and the starting

sulfurized calcium phenate composition was an overbased sulfurized calcium phenate

composition having a TPP content of about 8.0 wt, %,

TABLE ]

Ex Molar Molar Final

0. Eg. Eg. Temp., | Time, TPP, Yo TPP
Ex. Amine Amine Aldehyde | Solvent, wi. % °C fs wt. %o Reduce

2 [0 dicthviamine 16 0% toluene 80 4 {116 98.0

3 5 diethyvliamine 3 159%, toluene S0 4 AR 97 8
4 O dicthviamine 16 4% JOON 3 4 .00 HHLO

3 6 dicthylamine o) S% TOON Rij 4 .10 U8R

G 5 dicthylanune 5 30%, TOON R0 0.5 .79 777

7 5 diethylanune ) 309 160N 80 3 .17 974

8 3 diethylanune 5 0%, 100N MY 4 0.20 R

) 5 diethviamine 3 S05% 1OON 1R 4 {.64 796

10 3 dicthylamine 3 30% 2- A 4 .24 9740

ethvlhexanol

) diethylanune 5 3% decyiakeohol 80 4 .14 U8.3

2 3 didodeoylaming 5 J0%% 100N 80 4 (0% 99 1

3 5 bis(Z-cthythexyl) 5 3004 TOON R4 1.5 1.7 i

anung
14 5 bis{2-cthylhexyl} 30% 100N R0 3 147 854
amine
A 2 dicthviamine 2 S09%% TOON 100 4 348 36,5
B 2 dicthviumine 2 5094 100N 120 4 489 389

6l
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EXAMPLES 13 t0 25 and COMPARATIVE EXAMPLES C-E
j001894 The following examples were repeated in substantially the same manner as
Example 1 using the reactants and reaction conditions as set forth below in Table 2. For the
following examples the source of formaldehvde was etther paraformaldehvde (PF) or formalin
{F) and the starting selforized calcium phenate composition was an overbased sulfurized

calcium phenate composition baving a TPP content of about 3.5 wt. %.

TABLE 2

BExf Molar Molar Final
Comp. Eaq. Eq. Temp., | Time, TPP, Pl
Ex. Antine Antne Aldehvde Solvent, wt. % “C hrs wi. %% Redu
15 5 diethvlammne 3F S TOON 80 4 (.69 BT
16 5 dicthvlamine SPF 3% TOON &0 4 .43 a1,
17 14 dicthylanine 1OF 9% 1OON i} 4 Q.08 98,
iR 1} diethylanune HIPE 0% 1OON 100 4 0.05 99
i9 2 dimethyvlamine 2F 30% 1ODN Bk 4 £.95 &2
20 5 dimethylamine SF S0% TUON Y 4 L1l G,
21 16 dimethvlamine 10F SO0 TOON 84 4 .00 106

mono-methyl

22 2 amine 4.5P¥F 15% tohuene Bi} 4 1,16 hits
23 ) didecviaming 3PF &% toluene B0 4 {1.83 &4,
24 3 dicthvlaming IpF 15% toluenc Ny 4 0.7 87
25 4 dicthylamine 4PF 15% toluene 80 4 .36 g3,
C 2 diethyhomine 2F SGY% 100N &0 4 248 S5,
D 2 dicthylamine 2F 13% 2ethylhoxanol 0 4 1.935 64,
E 2 dicthyltriamine 4.5PF 1 5% toluene B0 4 1.31 76.
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The following examples were repeated in substantially the same manner as

calcium phenate composition was not overbased and had a TPP content of abount 2.8 wi. %.

Example 1 using the reactants and reaction conditions as set forth below m Table 3. Foreach

example, the source of formaldebvde was paratormaldehyde and the starting salfurized

r

TABLE3
xS Molar Maolar Final
Comp. Eq. Eg. Temp., | Timg, TEE, S TRP
Ex. Amine Anmune Aldechvde Solvent, wt. % “ hrs wi, Yo Reduoced
25 i dicthylanune } 100% henzene 80 4 014 95 {}
27 5 diethylanune 3 S6% FOON 80 0.5 {3 {4} 100.0
238 5 dicthvlanmine S S0% TOON %0 4 (.00 100.0
24 3 diecthndamine ) 15% tolushe B 4 .14 93 G
EXAMPLE 30
00191} Preparation of Mannich Post-Treated Tetrapropenyt Alkvlphenol
{00192} To 150 of tetrapropenylphenol {(TPP) in a 1 liter three neck round bottom

Hask fitted with a magnetic stimer, condenser and nitrogen nlet was added S00mi of

anhydrous benzene.

The sohdion was stired vigorously under a nitrogen atmosphere at

ambient temiperature, and paraformaldehyde (19.535g, 1.2eq) was added, followed by addition

of dicthylamine (67 9ml,

1 2eq) over a 5 minute pericd. The reaction mixture was heated to

80°C for 4 hours, then cooled to ambient temperature. Ethyl acetate was then added (5S00ml}
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and the reaction mixture was washed with 3 x 200ml of IN HC, dried over MgS{y and the
sobvent remmoved under reduced pressure.

{00193} The crude product was purified using flash column chromatography: "H NMR
d02-19(m, 31.9H, CH3, CH2), 6 251 (., 4O H,CH2Y, 6 3.7 (5, 20 H, CH2.N}, 665 -73

{m, 3.0 H, aromatic CH).

00194} Testing
[00195] The objective of the study was to evaluate the ability of the mannich post-

treated tetrapropenyl altkvipheno!l of Example 30, to demonstrate or mimic biological
activities consistent with agonism of natural estrogens.

[0019¢6] Procedure

{00197} In accordance with OECD Guidehne No. 440, the OECD principles of GLP,
and US. EPA GLP Standards (40 CFR, Pans 160 and 792), the mannich post-treated
tetrapropenyl alkviphenol of Example 30 was administered orally by gavage to test groups of
& ovartectomized female Crl:CDISD) rats once daily for 3 consecutive days at 73, 250, 300,
and 1000 myu'kedday. A postiive control group (1 Te-ethynviestradiol at 0.2 mp'kp/dav) and a
vehicle control group {com oil) were also tested. Animals were euthamzed by carbon dioxide
inhalation approximately 24 bours following administration of the last dose, and a gross
examination of the uterus was conducted; and uterine weights {wet and blotted) were

recorded.
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{00198} Resulis:
100199 Body Weights
{00200} Significant {(p<0.05 or p<0.1} mean body weight losses were noted i the

antmals {250, 500, and 1000 mg/kg/day treatiment groups) treated with mannich post-treated
tetrapropenyl alkyiphenol of Example 30 and the positive control animals (0.2 mg'kgiday
estradiol} compared to the mean body weight gams in the vehicle control animals over the

treatment period,

{08201} Uterine Weights
{00202} As shown in Figure 1, there was no significant difference in mean blotted or

wet uterine weights at any of the four treatment groups (75, 230, 300, and 1000 mg'kg/day)
compared to the vehicle control group. Both mean blotted and wet wterine weights in the
positive control gronp were significantly increased (p=0.01} compared to the vehicle control

grogp. 1t 18 believed that TPP typically causes dose-dependent increase in nterine weights {1,

2, 3and 7 fold at 75, 125, 250, and 500 mg'kg/day, respectively.

j00203 Conclusion
[06204] OECD Guideline No. 440 (Uterotrophic Assay) indicates that a test should be

considered positive if there is a statistical increase 1 wterine weight {(p-<0.05) when compared
to vehicle control. Based on this guidance, the data suggests that the mannich post-treated
tetrapropenyl alkvlphenol of Example 30 does not appear to demonstrate or mimic the

biological activity consistent with agonists of natural estrogen m the Uterotrophic assay.
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EXAMPLE 31

[00205] Preparation of Mannich  Post Treated Sulfurized Calcium  Phenate
Composition.

00206} A regctor contaming 418.6 grams of overbased sulfurized calctom phenate
composition {commercially available from Chevron Oronite Company LLC) baving a total
TPP content of 5.5 wt. % was heated to a reaction temperature of 100°C and 12.6 grams of
sehd parg-formaldehyde was added. This mixture was stitred 5 minutes and then 30.5 grams
of di-ethylamine was added over 3 munutes. The reaction mixture was held at 100°C for 5
howrs. The reaction was stripped by placed under vacoum (230 mm Hg) and heated to 130°C
and held there for 30 minntes. The vacuum was broken with nitrogen, the reaction allowed to
cool to approximately 100°C and the reactor contents isolated to afford 431.6 grams of crude
product. A portion {214.9 grams ) of the crude product was filtered with the aid of filter aid
{Celite} to afford 1877 grams of final product with the following properties: TBN = 260, wt.
% Total TPP = 0.3; wi. %, % Ca = 9.2, wt. %% Salfur = 3.2, wi. % CO2 = 4.78, Volume %
Sediment = 0.01, wt. % Nitrogen = 035, Viscosity = 504 ¢St {(100°C) as determined by
ASTM D445-88,

{06207 Repeating the above reaction while varying the reaction temperatuwre between
80°C and 130°C; the hold time between 3.5 hrs and 6 hrs; the stripping temperature between
HIOC and 130°C and stripping vacuum between 250 mum Hyg and 350 Hg; afforded filtered

final products with viscosities ranging from 389 ¢St (110°C) to $3R ¢85t (100°C).
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{00208} It owill be understood that various modifications may be made to the
embodiments disclosed herein. Therefore the above description should not be construed as
limiting, but merely as exemplifications of preferred embodiments.  For example, the
functions described above and implemented as the best mode for operating the present
ivention are for illustration purposes only.  Other arrangements and methods may be
mmplemented by those skilled in the art without departing from the scope and spirit of this
wmvention.  Moreover, those skilled m the art will envision other modifications within the

scope and spirit of the claims appended hereto,
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WHATIS CLAMEDR I8

1. A post-treated salt of a sulfurized alkyl-substituted hydroxyaromatic composition
which is a reaction product of {a) a salt of a sulfunzed alkyl-substituted hvdroxyaromatic
composition, wherein the atkvi-substituted hydroxyaromatic compound 1s dertved from
alkylation of a hvdroxyaromatic compound with one or more olefins comprising Co to Cix
oligomers of monomers selected from propylene, butylene or mixtures theveof, {b) a source of
an aldehyde and (¢} a primary andfor secondary monoantne compound having at least one

active hydrogen.

2. The post-treated salt of a sulfurized alkvihvdroxvaromatic composition according
to Claim 1, wherein the salt of a sulfunzed alkyl-substituted hyvdroxyaromatic composition is

an overbased salt of a sulfurized alkyl-substituted hvdroxyaromatic composition.

3. The post-treated salt of a sulfunized alkylhydroxvaromatic composition according
to Claims 1 or 2, which is prepared by a process comprising:

{a} providing a salt of a sulfunzed alkyl-substiuted hydroxyaromatc composition
containing an unsulfonzed atkyl-substituted hydroxyaromatic compoond and its unselforized
metal salt; wherein the alkyvl-substituted hydroxvaromatic compound is derived from
atkviation of a hydroxvaromatic compound with one or more olefins comprising Go to Cis
oligomers of monomers selected from propylene, botvlene or mixtures thereof] and

{b) reacting the salt of a sulfurized alkvl-sabstuinted hydroxyaromatic composition

with an effective amount of an aldehyde and a primary andior secondary monoaming
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compound baving at least one active hydrogen and onder reaction conditions sufficient to
provide a post-treated salt of the sulfurized alkyl-substituted hydroxyaromatic composition
having at least about 70% reduced content, by combined mass, of the unsulfurized alkyl-
substituted hydroxyaromatic compound and s unsulfurized metal salt, compared to the
content, by combined mass, of the unsulfurized alkyl-substituted hydroxyvaromatic compound
and i3 unsalfucized metal salt present in the non-post-treated salt of a sulfurized alkyl-
substituted hydroxyaromatic composition.

4. The post-treated salt of a sulfurized alkylhydroxyaromatic compound according to
Claims 1-3, having at least about 30% reduced content, by combined mass, of the
unsulfunized alkyvl-substitated hvdroxyaromatic compound and #s unsulfunized metal salt,
compared to the coment, by combined mass, of the unsulfunized alkyl-substituted
hydroxyaromatic compound and its unsulfurized metal salt present in the non-post-treated salt

of a sulfurized alkyi-substituted hvdroxyaromatic composition,

5. The post-treated salt of a sulfurized alkvlhvdroxyaromatic compound according to
Clatms 1-3, having at least about 90% reduced content, by combined mass, of the
unsulfurized alkyl-substituted hydroxvaromatic compound and 3ts unsulfurized metal salt,
compared to the content, by combined mass, of the wmmsulfurized alkvl-substituted
hydroxyaromatic compound and s nnsulfurized metal salt present in the non-post-treated salt

of a sullurized alkyl-substituted hydroxvaromatic composition.
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& A process for preparing a post-treated salt of a sulfurized alkyl-substituted
hydroxyaromatic conposition having a reduced content of unsulfurized alkyl-substitsted
hvdroxyaromatic compound and its unsulfurized metal salt, the process comprising the steps
oft

{a) providing a salt of a sulfurized alkvl-substituted hydroxyaromatic composition
coptaining an unsulfurized alkyvi-substituted hydroxvaromatic compound and its unsulfurized
metal salt; wherein the alkyl-substituted hydrexvaromatic compound is derived from
alkylation of a hydroxvaromatic compound with one or more olefing comprising G to Cix
oligomers of monomers selected from propylene, butylens or mixtuwres thereof) and

{b) reacting the salt of a sulfurized alkvi-substituted hvdroxvaromatic composition
with an effective amount of an aldehyde and a primary andfor secondary monoamine
compound baving at least one active hydrogen and under reaction conditions sufficient to
provide a post-treated salt of the sulfurized alkyl-subsiitited hydroxyaromatic composition
having at least about 70% reduced content, by combined mass, of the unsulfurized alkyl-
substituted  hydroxyvaromatic compound and its unsulfurized metal salt, compared to the
content, by combined mass, of the unsulfurized atkyl-substituted hydroxvaromatic compound
and its unsalfanized metal salt present in the non-post-treated salt of a sulfurized alkyl-

substituted hyvdroxyaromatic composition.

7. The process according to Claim 6, wherein the salt of a sulfunized atkyl-substituted

hydroxyaromatic composition provided m step {a) 18 an overbased salt of a sulfurized alkyl

substitited hydroxyaromatic composition.
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&  The process according o Claims 6 or 7, wherein the effective amount of the
aldehvde 15 from about 1 molar equivalent to about 10 molar equivalent per equivalent of the
unsulfurized alkvi-substitoted hydroxvaromatic compound and s unsulfunzed metal salt
present in the salt of a sulfurnized alkyl-substituted hydroxyaromatic composition provided in
step {a), and the effective amount of the monoamime compound is from about 1 molar
equivalent to about 10 molar equivalent per equivalent of the unsulfurized alkyvi-substituted
hydroxyvaromatic compound and its wosulfurized metal salt present in the salt of a sulfurized

alkvi-substituted hydroxyaromatic composition provided in step {(a).

9. The process according to Claims 6-8, whergin the post-treated salt of the sulfurized
alkvi-substituted hydroxvaromatic composition has at least about 8¢% reduced content, by
combined mass, of the unsulfunzed alkyl-substituted hydroxvaromatic compoond and its
unsutfurized metal salt, compared to the content, by combined mass, of the unsulfurized
alkyl-substituted hydroxyaromatic compound and its unsulfurized metal salt present in the

non-post-treated salt of a sulfunized alkyl-substituted hydroxyvaromatic composition.

10, The process according to Claims 6§, wherein the post-treated salf of the
sutfurized allovi-substituted byvdroxyaromatic composition has at least about 90% reduced
content, by combined mass, of the unsulfurized alkyl-substituted hydroxvaromatic compound
and 115 unsulfurized metal salt, compared to the content, by combined mass, of the

unsulfgized alkyl-substitated hydroxyaromatic compound and its sasulfurized metal salt
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present in the non-post-treated salt of a sulfurized alkyl-substiiuted hydroxyaromatic

composition.

11, A lsbricating oil composition comprising {8} a major amount of an ol of
hibricating viscosity and (b} at least one post-treated salt of a sulfurized alkyibydroxyaromatic

compound according to Claims §-5.

12. The lnbricating o1l composition accordimg to Clatma 11, wherein the at least one
post-treated salt of a sulfunized alkylhydroxvaromatic compound s present in an amount of
about 0.01 wit. % to about 1} wt %, based on the toral weight of the lubricating oil

COmMpOosition.

13, The lubricating oif composition according to Claims 11 or 12, further compnising
at least one additive selected from the group consisting of an antioxidant, anti-wear agent,
detergent, rust iohibitor, debazing agent, demulsifving agent, metal deactivating agent,
friction modifier, pour point depressant, antifoaming agent, co-solvent, package
compatibiliser, corrosion-inhibitor, ashless dispersant, dve, extreme pressure agent and

mixtures thereof

4. A method for lubricating an engine comprising operating the engine with the

hubricating otl composition according to Claims 11-13,
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15, A method for reducing the endocrive disrupting properties of a lebricating oil
composition on exposure to mammals, the method comprising adding at least one post-treated
salt of a sulfurized alkyi-substituted hydroxvaromatic composition according to Claims 1-5, 10

a lubricating o1l composition comprising a major amount of an o1l of lobricating viscosity.
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