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.BACKGROUND OF THE I NVENTION 5 This invention relates to processes
and net hods for preparing normal and over based sul furized al kyl phenat e
conpositions which are substantially free of the oxidation products of
pol yol pronoters. In a further aspect, thet invention relates to

| ubricating conpositions and concentrates containing 10 such conpositions.
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generated would result in harmful engine corrosion.

20 The preparation of overbased phenates is well known in the art and is
described, for example, in U.S. Patent Nos. 2,680,096; 3,178,368; 3,367,867;
3,801,507; and the like. The disclosures of each are incorporated herein by
reference in their entirety. Typically, overbased phenates have been
prepared by combining, under elevated temperatures, an alkylphenol, a

25 neutral or overbased hydrocarbyl sulfonate, a high molecular weight alcohol,
lubricating oil, a Group Il metal oxide, hydroxide or C, to Cg alkoxide, sulfur,
and a polyol promoter, typically an alkylene glycol, to the heated mixture.
The water of reaction is removed and carbon dioxide added. Uncombined
CO:. is removed and the reaction vessel is then further heated under vacuum

30 toremove the alkylene glycol, water, and the high molecular weight alcohol.
The product is overbased by incorporation therein of hydrated lime and
carbon dioxide. Typically an alkylene glycol is used to promote both the
neutralization and sulfurization, and also to facilitate overbasing.

35 However, a problem is encountered when the alkylene glycol or other
polyol promoter is employed in the presence of significant amounts of sulfur.
Specifically, under such reaction conditions, the alkylene glycol or other
polyol promoter is oxidized (for example, ethylene glycol is oxidized to the
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20 U.S. Patent Nos. 3,437,595 and 3,923,670 disclose processes wherein

sulfurization is conducted without a polyol promoter by using either a certain
basic catalyst, in the case of U.S. Patent No. 3,437,595, or an amount of an
alkali metal hydroxide in excess of a catalytic amount, in the case of U.S.
Patent No. 3,923,670. Overbasing follows, using glycol and carbon dioxide.

25 Neither patent considers unreacted sulfur and, in the case of the process
described in U.S. Patent No. 3,923,670 and the preferred process described
in U.S. Patent No. 3,437,595, the process suffers from the fact that the
product contains undesirable alkali metal residues. The use of separation
procedures to remove the alkali metal residues from the normal sulfurized

30 phenate is economically undesirable and, in some instances, the separation
procedure introduces problems which interfere with the overbasing process
or produce an inferior overbased product.

In the typical preparation of overbased phenates using a polyol, typically
35 ethylene glycol, the polyol is believed to function as a phase transfer agent
and/or an activating agent for the alkaline earth metal base in the -
sulfurization, neutralization, and overbasing reactions. It is also known to the
prior art that the neutralization can be catalyzed by certain low molecular



product contains undesirable alkali netal residues. The use of separation
.procedures to renove the alkali netal residues fromthe normal sulfurized
30 phenate is econom cally undesirable and, in some instances, the
separation procedure introduces problens which interfere with the
over basi ng process or produce an inf&ior overbased product.
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20  phénate composition or, alternatively, sulfur and alkyl phenol may be added
to the reaction mixture in place of the sulfurized alkyl phenol. The patent
teaches that the reaction mixture further contains a high molecular weight
alcohol and a polyether alcohol of two to three carbon atoms, usually
ethylene or propylene glycol. lllustrative low molecular weight carboxylic
25 acids described in this patent include formic acid, acetic acid, glycolic acid,
glyoxylic acid, propionic acid, maleic acid, etc. Examples 1 and 2 of this
Patent describe a sulfurization-neutralization reaction between
tetrapropenyiphenol, lime, and sulfur, which is conducted in tridecyl alcohol
and glycol in the presence of a mixture of formic acid and glycolic acid.
30
U.S. Patent No. Re. 26,811 discloses a process for preparing basic
sulfurized phenates and salicylates, which comprises reacting at a
temperature above 150° C, (A) a phenol or an alkali metal or alkaline earth
metal salt thereof, (B) sulfur, and (C) an alkaline earth bass, in the presence
35 of (D) a carboxylic acid or an alkali metal, alkaline earth metal, zinc or lead
salt thereof, and (E) a compound of a formula (ROR'),OH, wherein R is
hydrogen or alkyl, R' is alkyl, and x is an integer which is at least two if R is
hydrogen and at least one if R is alkyl. At column 3, lines 52-55, the patent
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b. 5-15 wt% of an organic sulfonic acid, an organic sulphonate, or an
organic sulphate,
c. 5-15wt% of a glycol, a C, to Cs monohydric alkanol, or C, to Cg
25 alkoxy alkanol,
d. 2-15wt% of a magnesium hydroxide or active magnesium oxide,
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30 f. atleast 10% by weight of a diluent oil (including any present in
components (a) and (b)).

The carboxylic acid is described as a promoter and is preferably used in
an amount of 0.5 to 2.0% by -weight and preferably is formic acid, acetic acid,
35 propionic acid, or a 'butyric acid. But, the reaction mixture also contains a
polyol promoter, i.e., a glycol or alkoxyalkanol, or contains a lower
monohydric alkanol.
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further teaches that, when using a glycol or glycol ether, it is preferred to use
20 in combination therewith an inorganic halide, for example ammonium
chloride, and a lower, i.e., Cq to C4, carboxylic acid, for example acetic acid.

European Patent Application 0273588, published July 6, 1988, discloses

a process for increasing the TBN of an alkaline earth alkyl phenate which

25 comprises reacting at elevated témperature a sulfurized alkaline earth metal
hydrocarbyl phenate, an alkaline earth metal base, a carboxylic acid having
at least 12 carbon atoms, and either a polyhydric alcohol having 2 to 4
carbon atoms, (di- or tri-) (C. to C,) glycol, alkyl glycol, alkyl glycol ether, or a
polyalkylene glycol alkyl ether.

30 _

SUMMARY OF THE INVENTION

The present invention is based, in part, on our discovery that sulfurized
alkylphenates can be advantageously prepared without the use of a polyol or
35  alkanol sulfurization promoter by conducting the sulfurization-neutralization
in the presence of a lower molecular weight alkanoic acid, i.e., formic acid,
acetic acid, or propionic acid, or a mixture of lower alkanoic acids. Because
a polyol promoter is not used, the resulting normal or slightly overbased sul-
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to 2/1, and especially on the order of 1/1 are preferred. (See colum
2, lines 53-58) Eur opean Patent #@plication 271262, published
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or slightly oveassealization capacity and improved detergency, and to a lesser extent
-6 antioxidancy, viscosity control and friction reduction and, based.on
20 preliminary testing, exhibit improved thermal stability. As well as reduced
sediments, e.g., oxalates, the present process facilitates the use of higher
sulfurization reaction temperatures, resulting in higher reaction rates.
Accordingly, the present process provides increased process efficiency,
reduced reactor resident time, and reduced capital equipment costs both in
25 terms of reactor capacity and filtration costs.

Therefore, in one aspect, the invention provides an economical process
for preparing normal and_overbased sulfurized alkylphenate compositions
that are free of polyol promoter oxidation products, which process comprises

30 reacting an alkylphenol with sulfur in the presence of a lower carboxylic acid
promoter and at least a stoichiometric amount of metal base, for example,
calcium hydroxide, in the absence of a polyol promoter. Higher TBN
products can be prepared by reacting the reaction product with carbon
dioxide, in the presence of an alkylene glycol, preferably ethylene glycol, and

35 preferably in the presence of a neutral or overbased sulfonate or an alkenyl
succinimide. Additional metal base can be added in this step and/or excess
metal base can be used in the neutralization step. Similarly, where a -
sulfonate or alkenyl succinimide is used, it may be added in the overbasing



furized phenate product is free of polyol oxal ates or other deleterious by-
_products of a pol yol pronoter. The reaction further provides for the

ef fective consunption of virtually all of the elenental sulfur present
in the reaction m xture. This is especially inportant where a high TBN
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25 desired, and a minor amount of a compatible liquid diluent and a lubricating
oil composition comprising a minor amount of said high TBN overbased

sulfurized alkylphenate and a major amount of an oil of lubricating viscosity.

Very high TBN overbased sulfurized alkylphenate can be produced if the
30  sulfurized phenate is treated with carbon dioxide in the presence of polyol
promoter, additional metal base, and stearic acid. In this embodiment, the
stearic acid acts only as a TBN booster, and not as a sulfurization promoter.

Further aspécts of the invention will be apparent from the following
35 description.



-7 step or added to the sulfurization step and carried through to the

_over basi.ng step. As above noted, significant anounts of polyol

oxi dation products are not produced in the overbasing step because, if
the sul furization reaction has been properly conducted, all of the

el emental sulfur will have been consumed 58 and at nost only trace anounts

of elemental sulfur will BYRTHERDESCRIPTION QF THE INVENTIONI ng reaction

m xture. The presence of el emyNPPREFERRED EMBODIMENTSIE! eterious in the
final lubricating oil additiv 't pronotes corrosi on

and staining of netal bearings, particularly copper bearings. 10 In
further aspects, Prior tordisessing thelinverticmin further detaik theafollaskiing terms will
concentr at % fpgg&e@hegpl yol oxidation byproducts, conprising a normal or
noder at el y “ove ul furized al kyl phenate prepared by the above

process and a m nor anmount of a conpatible diluent, and a lubricating oil
conposition conprising a mnor anount ?EFW“’IGN@' enentioned normal or 15
noder at el y overbased sul furized al kyl phenate concentrate and a maj or

anount of an oil of lubricating viscosity. I n anot her aspect, the

DFBCGSS of thefi M@u&éaheﬁéiﬂymuamr@l%gbmve the f%mngrl’g%aiings, unless
substanti y fr 0 ronoter oxidation products, conprising a
maj or armg{rd o] "é’%ﬁ%ﬂ#ﬁ‘%@x@?tﬁ’é‘@&%m furized al kyl phenat e,

prepared by the above process wherein a stoichionmetric excess of netal

base is used and Tﬁ??ﬁ?%@dgﬂwle%?%%%é éaﬁﬂp"fﬁé@f’%@%mﬂnﬁm of the

sul fur in the sul, he sulturize enate Is treated with
car bon dbakiMAL Mmagnesiurp, aRd strentdMpo| yol pronpter and additi onal
metal base, if 25 desired, and a m nor anobunt of a conpatible liquid

of said b TeN Btk dpetal basSLigria BT trelal el indfh e HetdL 0l
of | ?Er ;)izledo:;1 | Ikuuﬂcoxm and the i'ikeaht.lynixtures _t.rf\erteof,wm%.rem the m_etal meelbateafe r<i>r:
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addi ti onal met Stroptive, bapum; s mixtures thereeh ¢ hi s enbodi nent, the

stearic acid acts only as a TBN booster, and not as a sul furization

promoter. 20 The term “calcium base” refers to a calcium hydroxide, calcium oxide,

calcium alkoxide, and the like, and mixtures thereof.

The term “lime” refers to calcium hydroxide, also known as slaked lime or
hydrated lime. '
25
The term “Total Base Number” or “TBN" refers to the amount of base
equivalent to millligrams of KOH in 1 gram of sample. Thus, higher TBN
numbers reflect more alkaline products, and therefore a greater alkalinity
reserve. The TBN of a sample can be determined by ASTM Test No. D2896
30 orany other equivalent procedure.

The term “overbased sulfurized alkylphenate composition” refers to a
composition comprising a small amount of diluent (e.g., lubricating oil) and a
sulfurized alkylphenate complex wherein additional alkalinity is provided by a

35 stoichiometric excess of a metal oxide, hydroxide or C4 to Cs alkoxide, based
on the amount required to react with the hydroxide moiety of the sulfurized
alkylphenol. -



Furt her aspects of the invention will be apparent fromthe follow ng 35

_descri ption. -8
FURTHER DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED
EVMBODI MENTS Prior to discussing the invention in further detail,

the following terns will 5 be defined: _
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met ol hydr oxi g li2g ine Ay Sibstikient. SUERpHdicties 8RS auefly Pasica s o @
m xtures ther 38“%8?‘@% q ﬁ'@l‘ﬂ&%poqtssostg @@Bd ﬁ%#ﬁeﬂh to nPHE'aB‘T'%up

consi sti ngdbof éngiheéacidssodi um pot assi-um nagnesi um cal ci um

strontium barium or mxtures thereof. 20 The term "cal ci um base"

refers to a cal cium hydroxide, cal cium oxide, cal ci um al koxi de, and
the like, and ni Jhertegmt‘mederately overbased sulfrized alkylphenate’seéers to@rcal ci um

hydroxi de, al sgvefBga¥éd s&w&ﬂiié@glkyi]dérﬁpafe having d"TBNPéfsbdut 150 1225,

The term "Total Base Nunber™ o refers to the anount of base
equivalent to mlligrans of KOHin 1 gram of sanple. Thus, higher TBN
nunbers r 0l ect MecteahRhighEBN| odeiasedaulfutized aliylshenate cahgositidra®i ni ty

refers to overbased sulfurized alkylphenate compositions having a TBN of

about 225 to 350. Generally a carbon dioxide treatment is required to obtain

high TBN overbased sulfurized alkylphenate compositions, resulting in what

is believed to be a complex of the phenate with a colloidat dispersion of metal
16 carbonate.

The term “lower alkanoic acid” refers to alkanoic acids having 1 through 3
carbon atoms, i.e., formic acid, acetic acid, and propionic acid, and mixtures

thereof.
20
The term “oil solubility” means that the additive has a solubility of at least
50 grams per kilogram and preferably at least 100 grams per kilogram at
20° C in a base 10W40 lubricating oil.
25 The term “alkylphenol” refers to a phenol group having one or more alkyl

substituents at least one of which has a sufficient number of carbon atoms to
impart oil solubility to the resulting phenate additive.

The term “polyol promoter” refers to a compound having two or more
30 hydroxy substituents, generally the sorbitol type, for example, alkylene
glycols and also derivatives thereof and functional equivalents such as polyol
ethers and hydroxycarboxylic acids.

SYNTHESIS
35
The present process can be conveniently conducted by contacting the
desired alkylphenol with sulfur in the presence of a lower alkanoic acid and
metal base under reactive conditions, preferably in an inert-compatible liquid



reserve. The TBN of a sanple can be determined by ASTM Test No. D2896 30

_or any other equival ent procedure. The term "over based
sul furized al kyl phenate conposition” refers to a conposition
conprising a small anount of diluent (e.g., lubricating oil) and a

sul furized al kyl phenate conpl ex wherein addi@ional alkalinity is provided
by a 35 stoi cinygreddrbén SHGEAE Preférabli te re@action iSizsridudtéd untefbArindrtt 0
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netal 1 5 car.,bonat e. . The . term,"|l ower al kanoic acid" refers to
al kanoi ¢ aci ds iNRAGR,0Hall gr g Rprtian of the acidson atons, i.e., fornmic acid,

aﬁet iC ac'i' d, I andI pr lei on'i' c acid, and mxtures t her eo:c . 20
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kil ogram a® ucted at temperatures in the range of about from 115° C to 300° C,
preferably 135° C to 230° C, depending on the particular metal and alkanoic
acid used. Where formic acid is used alone, we have found that best results
are generally obtained by using temperatures in the range of about from
150° C to 200° C. By using formic acid with other alkanoic acids (acetic,

20 propionic, or acetic/propionic), one can advantageously use the higher
reaction temperatures and obtain higher base retention and reduced piston
deposits. For example, with these mixtures, one can use temperatures in the
range of about from 180° C to 250° C and especially at temperatures of
about from 200° C to 235° C. Mixtures of two or all three of the lower

25 alkanoic acids also can be used. Mixtures containing about from 5 to 25 wt%
formic acid and about from 75 to 95 wt% acetic acid are especially
advantageous where normal or moderately overbased products are desired.
Based on one mole of alkylphenol, typically from 0.8 to 3.5, preferably from
1.2 to 2, moles of sulfur and about 0.025 to 2, preferably 0.1 to 0.8, moles of

30 lower alkanoic acid are used. Typically about 0.3 to 1 mole, preferably 0.5 to
0.8 mole, of metal base are employed per mole of alkylpheno!. In addition an
amount of metal base sufficient to neutralize the lower alkanoic acid is also
used. Thus overall, typically about from 0.3 to 2 moles of metal base are
used per mole of alkylphenol, including the base required to neutralize the

35 lower alkanoic acid. If preferred, lower alkanoic acid to alkylphenol and
metal base to alkylphenol ratios are used, then the total metal base to
alkylphenol ratio range will be about from 0.55 to 1.2 moles of metal base per
mole of alkylphenol. Obviously, this additional metal base will not be



20[err] Cin a base 10W0 lubricating oil. 25 The term "al kyl phenol "

refers to a phenol group having one or nore al kyl substituents at
| east one of which has a sufficient nunber of carbon atonms to i npart
oil solubility to the resulting phenate additive. The term
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the aci ds1@nd salts could al so be used. Were salts or m xtures of
salts and acids Wﬁ'er\éstﬁ n n%lliﬁhén fs%éﬁdﬁ&?&%ﬁ%b&h@&eﬁeboth the ; earth
clum sa , he
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Lerr] © gut En ge|]1eral any benefit afforded by the sulfurization catalyst, for example
reduced reaction time, is offset by the increase in costs incurred by the
catalyst and/or the presence of undesired residues in the case of halide
20 catalysts or alkali metal sulfides; especially, as excellent reaction rates can
be obtained by merely using acetic and/or propionic acid mixtures with formic
acid and increasing reaction temperatures. ‘

In one embodiment, the sulfurization process is conducted in the
25 presence of water throughout the process. This results in lower crude
sediments (more efficient filtration), less haze, and improved water stability.

Preferably, at least 50 wt% of the promoter is added to the reaction at a
temperature of at least 130° C. This results in more efficient filtration.
30
If a high TBN product is desired, the sulfurized phenate product can be
overbased by carbonation. Such carbonation can be conveniently effected
by addition of a polyol promoter, typically an alkylene diol, e.g., ethylene
glycol, and carbon dioxide to the sulfurized phenate reaction product.
35 Additional metal base can be added at this time and/or excess metal base
can be used in the neutralization step. Preferably, an alkenyl succinimide or
a neutral or overbased Group Il metal hydrocarbylsulfonate is added to either
the neutralization-sulfurization reaction mixture or overbasing reaction



preferably 135 Cto 230[err] C, depending on the particular netal and

~al kanoi c acid used. Were formc acid is used al one, we have found
that best results are general ly obtained by using tenperatures in the
range of about from 150[err] Cto 200[err] C By using formc acid

wi th ot her al kanoic acids (acetic, 20 pr-c§@ oni c, or acetic/propionic),
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overal |, typi caIIy about fromO0.3 to 2 noles of netal base are used

er nDIe of al kyl noI ncl.udi n base re red to, neutraljze he 35
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general | y 2&qui res usi ng carbon di oxi de together wth a polyol
pronoter. Accordi Wﬂéfe ]géfﬁtéalfﬁl@ r?duct (a SI‘Bri Bf abSUP4 80 10225) isfesireachl on
mxture will °% mc%nometnc amoun to'r %Pght excess o? metal base can be used in the
neutralization step; for example, about from 0.5 to 1.3 moles of base per
mole of alkylphenol in addition to the amount needed to neutralize the lower
25 alkanoic acid. High TBN products are typically prepared by using a mole
ratio of metal base to alkylphenol of about 1 to 2.5, preferably about 1.5 to 2;
a carbon dioxide mole ratio of about 0.2 to 2, preferably 0.4 to 1, moles of
carbon dioxide per mole of alkylphenol and about 0.2 to 2, preferably 0.4 to
1.2, moles of alkylene glycol. Again where lower alkanoic acids are used, in
30 contrast to their salts, an additional amount of metal base sufficient to
neutralize the lower alkanoic acid should be used. As noted above all of the
excess metal base needed to produce a high TBN product can be added in
the neutralization-sulfurization step or the excess above that needed to
neutralize the alkylphenol can be added in the overbasing step or divided in
35 any proportion between the two steps. Typically where very high TBN
products are desired a portion of the metal base will be added inthe
overbasing step. The neutralization reaction mixture or overbasing reaction
mixture preferably also contains about from 1 to 20, preferably 5 to 15,



ous oxidation products of the polyol pronoter during.the overbasing step.

10 Where the neutralization is conducted as a separate step, both
t he neutralization and the subsequent sul furization are conducted
under the same conditions as set forth above. Optionally specialized
sul furization catal ysts, such as dest3ibed in U S. Patent No.
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over basi ng r eact PORsidering now in detail, the reactants and reagents used in the present, ,

m xture. The gprocess, firstaalballctrdgioforhs ofsulfur canbesosedi Theisatfuboan behe
employed either as molten sulfur or as a solid (e.g., powder or particulate) or
20 as a solid suspension in a compatible hydrocarbon liquid.

Preferably, the metal base used is calcium hydroxide because of its
handling convenience versus, for example, calcium oxide, and also because
it affords excellent results. Other calcium bases can also be used, for

25 example, calcium alkoxides. '

In one embodiment, a mixture of metal bases is used. For instance, a
substantially calcium containing phenate is prepared with exactly enough
lithium base to neutralize the alkanoic promoter.

30
In another embodiment, the metal base used is lithium hydroxide because
it affords excellent results. Other lithium bases can also be used, for
example, lithium alkoxides.
35 Suitable alkylphenols which can be used in this invention are those

wherein the alkyl substituents contain a sufficient number of carbon atoms to
render the resulting overbased sulfurized alkylphenate composition oil-
soluble. Oil solubility may be provided by a single long chain alkyl



al kyl phenol and the phenate reaction product and therefore, when used, is
.preferably added to the initial reaction mxture. Overbasing is typically
conducted at tenperatures in the range of above from 160[err] Cto 190[err]
C b5 preferably 170[err] Cto 180 C, for about fromO0.1 to 4 hours,
dependi ng on whet her a noderate or hifgh TBN product is desired.
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25 Preferably, the alkylphenols are para-alkylphenols or ortho-alkylphenols.
Since it is believed that para-alkylphenols facilitate the preparation of highly
overbased sulfurized alkylphenate where overbased products are desired,
the alkylphenol is preferably predominantly a para-alkylphenol with no more
than about 45 mole percent of the alkylphenol being ortho-alkylphenols; and
30 more preferably no more than about 35 mole percent of the alkylphenol is
ortho-alkylphenol. Alkyl-hydroxy toluenes or xylenes, and other alkyl phenols
having one or more alkyl substituents in addition to at least one long chained
alkyl substituent can also be used.

35 In general the present process introduces no new factor or criteria for the
selection of alkylphenols and accordingly the selection of alkylphenols can
be based on the properties desired for lubricating oil compositions, notably
TBN and oil solubility, and the criteria used in the prior art or similar
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The overbasing procedure used to prepare the high TBN overbased
sulfurized alkylphenate compaositions of this invention also employs a polyol
20 promoter, typically a C. to C4 alkylene glycol, preferably ethylene glycol, in
the overbasing step.

Suitable Group [l metal neutral or overbased hydrocarbyi sulfonates
include natural or synthetic hydrocarbyl sulfonates such as petroleum
25 sulfonate, synthetically alkylated aromatic sulfonates, or aliphatic sulfonates
such as those derived from polyisobutylene. These sulfonates are well-
known in the art. (Unlike phenates, “normal” sulfonates are neutral and
hence are referred to as neutral sulfonates.) The hydrocarbyl group must
have a sufficient number of carbon atoms to render the sulfonate molecule oil
30 soluble. Preferably, the hydrocarbyl portion has at least 20 carbon atoms
and may be aromatic or aliphatic, but is usually alkylaromatic. Most preferred
for use are calcium, magnesium or barium sulfonates that are aromatic in
character. Such sulfonates are conventionally used to facilitate the
overbasing by keeping the calcium base in solutions.
35 '
Sulfonates suitable for use in the present process are typically prepared
by sulfonating a petroleum fraction having aromatic groups, usuailly mono- or
dialkylbenzene groups, and then forming the metal salt of the sulfonic acid
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polyolefin polymer or a derivative thereof with maleic anhydride. The
succinic anhydride thus obtained is reacted with the amine compound. The
preparation of the alkenyl succinimides has been described many times in
the art. See, for example, U.S. Patent Nos. 3,390,082; 3,219,666; and

25 3,172,892, the disclosure of which are incorporated herein by reference.
Alkyl succinimides are intended to be included within the scope of the term
“alkenyl succinimide.” The alkenyl group of the alkenyl succinic anhydride is
derived from an alkene, preferably polyisobutene, and is obtained by
polymerizing an alkene (e.g., isobutene) to provide for a polyalkene which

30 can vary widely in its compositions. The average number of carbon atoms in
the polyalkene and hence the alkenyl substituent of the succinic anhydride
can range from 30 or less to 250 or more, with a resulting number average
molecular weight of about 400 or less to 3,000 or more. Preferably, the
average number of carbon atoms per polyalkene molecule will range from

35 about 50 to about 100, with the polyalkenes having a number average
molecular weight of about 600 to about 1,500. More preferably, the average
number of carbon atoms in the polyalkene molecule ranges from about 60 to
about 90, and the number average molecular weight ranges from about 800
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i nvention al so q,r@qang@eanwppwl detergents such as, for example, sold under the
Trademark Triton X-45 and Triton X-100 by Rohm and Haas (Philadelphia,
20  Pennsylvania) and ethoxylated p-octylphenols. Other suitable commercially
available demulsifiers include Igepal CO-610 available from GAF Corporation
(New York, New York). Where used, demulsifiers are generally added at
from 0.1 to 1 wt% to the alkylphenol, preferably at from 0.1 to 0.5 wt%.

25 LUBRICATING OIL COMPOSITIONS

The oil-soluble, overbased sulfurized alkylphenate compositions
produced by the process of this invention are useful lubricating oil additives
imparting detergency and dispersancy properties to the lubricating oil as well

30 as providing an alkalinity reserve in the oil without adding polyol oxidation
products. When employed in this manner, the amount of the oil-soluble,
overbased sulfurized alkylphenate composition ranges from about 0.5 to 40
wit% of the total lubricant composition, although preferably from about 1 to 25
wit% of the total lubricant composition. Such lubricating oil compositions are

35  useful in diesel engines, gasoline engines, as well as in marine engines. As
noted above, when used in lubricating oil formulations for marine engines,
such phenates are frequently used in combination with Group Il metal
overbased natural or synthetic hydrocarbyl sulfonates.



20 pronoter, typically a C to C4 al kyl ene glycol, preferably ethylene
~glycol, in t he overbasing step. - Suitable Goup Il netal
neutral or overbased hydrocarbyl sul fonates i ncl ude natural or
synt heti c hydrocarbyl sul fonates such as petroleum 25  sul fonate,
synthetically al kyl ated aromatic sul fonatesi8 or aliphatic sul fonates
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Especially useful are the hydrogenated liquid oligomers of Cs to Cy2 alpha
20 olefins such as 1-decene trimer. Likewise, alkyl benzenes of proper
viscosity, such as didodecyl benzene, can be used. Useful synthetic esters
include the esters of both monocarboxylic acid and polycarboxylic acids, as
well as monohydroxy alkanols and polyols. Typical examples are didodecyl
adipate, pentaerythritol tetracaproate, di-2-ethylhexyl adipate, dilauryl-
25 sebacate and the like. Complex esters prepared from mixtures of mono and

dicarboxylic acid and mono and dihydroxy alkanols can also be used.

Blends of hydrocarbon oils with synthetic oils are also useful. For
example, blends of 10 to 25 wt% hydrogenated 1-decene trimer with 75 to 90
30 wt% 150 SUS (100° F) mineral oil gives an excellent lubricating oil base.

Other additives which may be present in the formulation include rust
inhibitors, foam inhibitors, corrosion inhibitors, metal deactivators, pour point
depressants, antioxidants, and a variety of other well-known additives.

35

A further understanding of the invention can be had from the following
non-limiting examples.



such formul ations in conjunction with the overbased sul furized

.al kyl phenates. 15 Alternatively, in lieu of a Goup Il netal neutral
or overbased hydrocar byl or in conbination therewith, an al kenyl
succi ni m de may be enpl oyed. Al kenyl succinimdes are well-known in
the art. The al kenyl succinimdes are -1 he reaction product of a
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Al kyl succinimdes are intended to be included within the scope of the term
"al kenyl succinimde." The al kenyl group of the al kenyl succinic anhydride
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carbon atons psulfurizationeactiom! ecul e will range from 35 about 50 to about

100, with the pol yal kenes having a nunber average nol ecul ar wei ght of
about 600 to about 1,500. Mdre preferably, the average nunber of
carbon at d% i Reastiomol yal kene nol ecul e ranges from about 60 to about
90, and the nunber average nol ecul ar wei ght ranges from about 800

-17 to 1,300. Further information regarding the preparation of al kenyl
succi ni ni des and 'f‘ﬂglss%?@ﬂ‘m?@ mgmvwsgﬂempyeﬂpasbﬂlrw andinitiogendiowp| e,
by reference twas chargled with 1\2204rdrhé.dt propylené hetrambr alkylstiendl, GO0 gRehe! N
5 1t is gegeradynd USR0S 4P5'GrEme 1% oo el ic, which was
20 diluted with water to prevent freezing during winter storage, 200 grams sulfur
powder, and 578 grams of calcium hydroxide. The mixture was heated with
stirring from 60° C to 200° C over three hours while water distillate was being
returned at a rate of two grams per minute. The reaction was held at this
temperature for two hours while water return was continued. Water return
25 was stopped and 300 grams of 100 neutral diluent oil was added over one
minute followed by 275 grams of ethylene glycol added over 20 minutes. The
temperature was adjusted to 174° C, and 173 grams of carbon dioxide was
sparged through the mixture over three hours with rapid stirring. The water
was distilled off by the following procedure.
30 -
Distillation

The temperature was raised to 240° C over 45 minutes and 6 psia, where
it was held for 30 minutes. The concentrate was filtered over diatomaceous
35 earth and diluted to 250 TBN with diluent oil. About 3,200 grams of the
product was collected.



hydrocarbon diluent in the process to facilitate mixing and handling of the
_reaction mxture and product. Typically, a mneral oil wll be used for
this pur pose because of its obvious conpatibility with the use of the
product in | ubricating oil conbinations. Suitable |ubricating oil
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avai |l abl e derrul sifi | ers i ncl ude I gepal CO 610 avail able from GAF Cor poration
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pol yol OXIdatIQE ction. Products. Wien enployed in this manner, the anount
of the oil-solu ? ) over based sul furized al kyl phenate conposition

ranges frol®about 0.5 to 40 wt % of the total |ubricant conposition,
al t hough pr ef erRédgtidis om about 1 to 25 wt % of .the total |ubricant
conposition. Such lubricating oil conpositions are 35 useful in diesel
engi nes, gasoline engines, as well as in marine engines. As not ed

above, when used Imthisiexample ageagtionfvessel withmverlﬁgad stinremand nijtagen flow is
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20 100 neutral diluent oil, 1 grams formlc acid, 200 grams sulfur powder, and
198 grams of calcium hydroxide. The mixture is heated with stirring from
room temperature to 170° C over 3.5 hours and then held at 170° C for
another two hours. A portion of the water produced by the neutralization is
continuously distilled off during the reaction. Then a slurry of 380 grams of
25 calcium hydroxide and 122 grams of a neutral sulfonate in 600 grams diluent
oil is then added over about one minute. The temperature is adjusted to
175° C, and 277 grams of ethylene glycol is added over 20 minutes. 173
grams of carbon dioxide is bubbled through the mixture over two hours with
rapid stirring. The water can be distilled off by the following procedure:
30
Distillation

The temperature is raised from 175° C to 240° C over 45 minutes at 8
psia, where it is held 30 minutes. The distillate is collected. The concentrate
35 s filtered over diatomaceous earth and diluted to 250 TBN with diluent oil.
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ik Conpl f |
| ke. Conpl eX GAYG adtiiat §hsid fBFdTBHo\ﬁFeThQ qgﬂaggtrg{wwas coolddl fPH0%, | ©

acid and nono d kanol s 5 of
hydr ocar bon oi \ﬁ%tqyeé'y“‘)ﬁ%chﬁ%lﬁle? "3 i'&'t%fé? 125 TEN with dilueg gilp| e,

bl ends of 10 to 25 wt%hydrogenated 1 -decene trinmer wwth 75 to 90 30 wt %
- 150 SUS (100 F % oil gives an excellent lubricating oil base.

O her additives I C r?aze present in the fornulation include rust

i nhi bi t or 20 f 0326 TBNIGA H.JMCSUkEHRbZEDrALKNlﬂi-tENAi‘EaI deactivators, pour

poi nt der?FFSPLPT F@FQM and a variety of other well-known

addi tives. urﬁ’er unl?erst andi ng of the invention can be had

fromthefollovvlng nonllmtlng exanpl es.
This example illustrates the procedure for holding off addition of the

majority of promoter until 163° C, for the purpose of improving filtration. A

25 reaction vessel with overhead stirrer and nitrogen flow was charged with
1,391 grams of propylene tetramer alkylphenol, 842 grams of a 100 neutral
diluent oil, 219 grams calcium hydroxide, and 11 grams of promoter
comprised of 90% glacial acetic, and 10% technical grade formic acid. Next,
256 grams solid sulfur was added. The mixture was heated from room

30 temperature to 163° C in 90 minutes and held there for one hour. During this
one hour hold, 33 grams of promoter was added over 30 minutes. A portion
of the water produced by the neutralization was continuously distilled off
during the reaction. Finally, the reaction was ramped to 205° C over 95
minutes, and the mixture was held at this temperature for three hours. The

35 vessel was adjusted to 0.5 psia over ten minutes, and held under these
conditions for 30 minutes, whereupon a small amount of yellow oily
substance was removed. Vacuum was broken with nitrogen, the concentrate



-19 EXAMPLES The invention
~wWll be further illustrated by the foll ow ng exanpl es, which set forth
particul arly advant ageous net hod enbodi nents. Wiile the 5  Exanples are
provided to illustrate the present invention, they are not i ntended to
limt it. EXAMPLE 1 250 TBN OVERRASED CALClI UM SULFURI ZED

AhKY!_PHENA_TE IWas cooled to ﬂ&ﬁ‘sc,emmﬁev'et Hliatbmabewseprtbwmimmdf@nﬂsng to
the I nvention . . ring the title conposition using a formc
TENwit cuBhEEr

aci d/ acetic aci sul furization reaction. 15 Reacti on
In this exanple a reaction vessel with overhead stirrer and nitrogen fl ow

was charged w Rasgltg%ﬁéﬁﬁ?nﬁltmml ene tetranmer al kyl phenol, 600 grans
of a 100 neutral diluent oil, 41.5 grans of 10% form c/90% acetic, which

was 20 diPuted with water to prevent freezing during winter storage, 200
grams sul fur Pracedire: Alictude’ Sragiuetswere adinbiedwith diatsmdeeols earthxt ur e

Whi T o e er "o 80 then tbled A o 62K8 GFeiBidmaced s gaith fn,§ Ko bt GHE® .,
m nute. The redempenatuse =ht17? Ct80 psia filtration pregswrafaraend bour Ehenfallowingi | e

t t ' : f
100 neutral ”di“?”e‘ﬁ EBefies totdhiyains Alatel fGP(1) A8 spHCPRCYS BpT ol 2
grams of yl R@%@E@"VQMWBP@@'W nutes. The t enper at ure was

adjusted to 174[err] C, angplitB/Arans of car Not SplibFIAle was spar ged
t hrough the m xture over thrsg hours with rapi ddlsﬁ rring. The water
was distilled off- by the fol ;’\II ng procedure. 3 Distillation
352 100

385 52
15 407

EXAMPLE 6
125 TBN CALCIUM-POTASSIUM SULFURIZED ALKYL PHENATE

20 This example illustrates a procedure according to the invention of
preparing the title composition using a mixture of potassium hydroxide and
calcium hydroxide. A two liter vessel with overhead stirrer and nitrogen flow
was charged with 1,391 grams of propylene tetramer alkylphenol, 842 grams
100 neutral diluent oil, 139 grams calcium hydroxide, 121 grams of potassium

25 hydroxide pellets (85% pure), 236 grams sulfur, and 90 grams of a catalyst
mixture composed of 27 grams water plus 63 grams of 10% formic/90%
acetic acid. The reaction mixture was heated to 250° C over five hours while
water of distillation was returned via peristaltic pump to the reaction mixture
at a rate of two grams/minute. The temperature was held at 250° C for one

30 hour, then allowed to cool to 205° C, all the while continuing to operate the
peristaltic pump. At this point the pump was turned off and the mixture was
distilled under vacuum at one psia for 0.5 hour. The concentrate was cooled
to 180° C, filtered over diatomaceous earth, and diluted to 125 TBN with
diluent oil. '

35



The tenperature was raised to 240 C over 45 minutes and 6 psia, where
it was held for 30 mnutes. The concentrate was filtered over diatomaceous
35 earth and diluted to 250 TBN with diluent oil. About 3,200 grans of the

product was col | ect ed. -20
EXAMPLE 2 250 TBN OVERBASED CALCI UM [=12BH UM SULFURI ZED

ALKYLPHENATE EKAMPLEI?e above exanple is followed exactly, with the
exception thatg cium hydroxi de are used, and 42
grans of Ilithi m OXI @RW&IR?E@?%,[G are added EXAMPLE 3 10
250 TBN O\/ERBA%EbTéN_emEﬂEF\Uﬁﬁ Thi's exanpl e
Illustrates a procedure, according to the | nvent | on, for prepari ng

Db §2 TRl tel £ oA B B kROl e

wi th overhead prepariag the ditieicompusitién osingsstearic acidh oA Sditerwédsel withOowsrans
o1 " Sﬁy'g‘fi;ﬁst?%é%gﬁffgﬁisﬁé‘%%a%ﬁ?e%@ o pfidng 88mar S ordme - 0
cal ci um hydr ox19@ newtral ﬁﬂU@ﬂithl. il 400-gnams hmeh298 igrams gulfun 82 grams stea'lc
tenmperature t Oadlaoéﬁd dH S grRS &16%&&/90% %&m Olich ﬁtd.ﬁied With W

bater
ot ruoudB, "8 vers b i utaerwith b e then hested i 368" Grovesdhipene
of 25 cal ci unhoyns; endds heldiatithat t;emperatlireafoﬂmrbeaiddﬂidrfam@hﬁs Duﬁﬁ@ gy ans
di l'uent fiis titnd, Wadr SHeATx 7Y a8 BUEK AP the'HtE 'of twd 'YFamS Bt rithile ' S

adjusted to

Next, 500 grams of ethylene glycol is added over 30 minutes. The
15  temperature is adjusted to 174° C, and carbonation is continued for three
hours with rapid stirring. In all, 590 grams of carbon dioxide is delivered to
the reactor. The water generated is distilled off.

At the completion of carbonation, the temperature is raised to 240° C over
20 45 minutes at 6 psia, where it is held for 30 minutes. The distillate is

collected. The concentrate is filtered over diatomaceous earth and diluted to
400 TBN.

EXAMPLE 8
25 DETERMINATION OF OXALATE CONCENTRATION

The formic/acetic promoted sulfurization of this invention affords a
product with substantially less oxalate than in currently available highly
_overbased products, which depend on ethylene glycol promotion of the

30 sulfurization step. The oxalate concentrations of metal overbased sulfurized
alkylphenate products can determined by the procedure described below.

Oxalate presence in the overbased phenate composition is determined by
the presence of an infrared peak at 1660 cm™ and the concentration of the
35 oxalate is determined by peak intensity by first diluting the overbased
phenate with diluent oil until a 50 TBN product is achieved. A small amount
of the resulting composition is then placed in a 0.2 millimeter (nominal
thickness) infrared cavity cell (e.g., sodium chloride plate). A 0.2 millimeter



175[err] C, and 277 granms of .ethylene glycol is added over 20 minutes. 173
~grans of carbon dioxide is bubbled through the m xture over two hours with
rapid stirring. The water can be distilled off by the foll ow ng procedure:
30 Distillation The tenperature is raised from175 C to 240
C over 45 nminutes at 8 psia, where i~24is held 30 minutes. The
distillate is duﬂﬁt mhkn’ése) sodiganthilotide séferercd caviyraall cordainitigioplyaceous

earth and dil ut t,0.. T di luent oil.
-21 EXAI\/PE t ﬁé ?E%Qtr \LCI UM SULFURI ZED ALKYLPHENATE
Thi's exanpl e |Ilustrates a procedure according to the invention for 5

preparing the Ui the, 6OIPAR dddhedrd P%rﬁlg'élﬁférzl\ﬂédélﬁzaﬂemﬁarém catal yst by
a th ure Of acetl c acl acl

| |
& th 5 cr Boagtraphetogieterusing the bua spoim salonaraeys stk A4 5588 g1 ars

gg o propyl epe?d qRrmimttes2 | Kiié w?reu,sp&é&agrmomoaonmrm 6 luent oil,
rans Cl.U

catalyat i xt uRSCIEINGEL k308 Sefipie 7 The X 85 g fho IRk SEQE@" %Qeém? °9‘E oghd

f or m c/ 90% acethieYaadisimeasures aisorbaace irvabsorkance Uﬂd& @'ﬂr] C

over tive hour g ¥ Wﬁe X&iafd fdtnation, THe &dtlbl Gétbﬂﬂln\&i&nrd?tdéldlﬂéhdﬁ af

O/ m k" alate AbERERt Sumbet Hemadaiby,s IS whict sl he oxslate

al | OvvtegI | Ioccgglspéaraﬁfffamhe Gefegd.’ﬁ%d ¢ $acifuinh andahén soales the neb ebaorbanke tour .
eri1s

was di still ed ﬁgﬁ?ﬁf#ﬁ@?@{@ﬁ e s 7 B Pl RO et B e i

was cooled to ﬂwmaoh filtered over. di at onaceous earth, and
diluted to 125 TBN with diluent oil . EXAMPLE 5 20 125 TBN CALCI UM

SULFURI ZED ALKYLPHENATE W TH SPLI T FORM C/ ACETI
15 While the present invention has been described W|th reference to specific

embodiments, this application is intended to cover those various changes
and substitutions that may be made by those skilled in the art without
departing from the spirit and scope of the appended claims.

20
25
30

35



This exanple illustrates the procedure for holding off addition of the
maj ority of prom)ter unti | 163herr] C, for the purpose of inproving

:‘N;ISt Eﬁ;'r ggd A \m“m:“lﬁmnfﬂ with overhead stirrer and nitrogen flow

ans of propylene tetramer alkylphenol, 842

grams of a 100 rteufrat di luent oil 95219 granms.-cal-ei-tumtydlpxi de and
11 grans of pronoter conpri sed of 5%% gl a,C‘I at : and’® 10%
technical grade formc acid. Next, 256 griams SOk FdEdl f__g,[_.,-,\zvas added.
The mi xture WABahisgaimedism r oom 30 t enper at urle—to-163[&r7] C in 90
mnutes and held there for one hour. During this one hour hold, 33
grans of pro tery he wat er
produced b e neWzaW\/@g con muousﬁ’%‘?&‘gﬁmwﬂ during
the reacti n Fi having a B ~

m nutes, and the Wmmmhdmmwmwmmmhours The

ggndl Y?iﬁgl f\(l)v?SSO ﬁ‘m t‘%v‘\?%aseu on a snak?i%gﬁ%un @MW m?@der these

subst ance was r entAfeen r'B PWSPHQH f rate
-22 was coolmwaﬂalmclmwi

to 125 TBN I I tion:

Pr ocedurewAII C\I‘MEI‘ e prggggi?s Were adm X ngk%lrﬁ’gi ceous ée“gldrﬂith 'and
then filtered ovefiduresthergef, ang:atigast & Moichiometiic;amount ofamatab base us.
Tenperature = 177MMW@MBNWIMWMMWdM

(2) total gram 10m£ﬁf€ered s e @ 5iig gt o 74l prlnofod br bl Sicallfor ™ 1

Split F/A of ime to react essenually all of the gulfur thereby
147 15 yualdmg a metaBﬁﬂfunzed alkylphenate reattion product mixture
385 assentially fide bt elemental sulfur. 07

2. The process according to Claim 1 wherain said process is conducted at
temperatures in the range of about 130° C to 300° C.
20 . ,
3. The process according to Claim 1 wherein said process is conducted in
the presence of water throughout said process.

4. The procass according to Claim 1 wherain at least SO wt% of the
25 promoter is added to the reaction at a temperature of at least 130° C.

S. The procass according to Claim 1 wherein said procass is conducted
using about from 0.8 to 3.5 moles of said sulfur, G.025 to 2 moles of said
promoter, 0.4 to 1.2 moles of said metal base per mole of said alkyl-

30 phenol, an additional neutralizing amount of metal base per mole of said
carboxylic acid, and a minor amount of an inert organic liquid diluent.

6. The process according to Claim 5 wherein said process is conducted at

pressures in the range of about from 25mm Hg absolute to 850mm Hg
35 absolute.

7. The process according to Claim § wherain said promoter is a carboxylic
acid and is selected from the group of acetic acd, propionic acid,

Ill
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EXAMPLE 6 125 TBN CALCI UM POTASSI UM SULFURI ZED ALKYL PHENATE 20

~ This exanple illustrates a procedure according ta.the_invention OL
preparing the titl lﬂm g a mxture ;G patassidam by oxi de and
cal ci um hydr oxi de. mmwﬂﬂ“mn Bel with overhead stimrgrpand njtrogen
fl ow was charged®w th 1, 3Y1 grans of propytene-tetranrer—at-kyl phenol ,
842 grans 100 neutral diluent oil, 9 grans cal ci um hydroxi de, 121
grams of potassium 25 hydroxide, pellets T85% pur 6 ans sul fur, and
90 grans of a cat ‘°¥a°°u9ﬁ"ﬂ e W%@Mr pl us 63
granms of 10% f or nfasmBacid. acetic acid. The reaction m xture was heat ed
to 250[err] C over five hours while wat er of distillation was

t o SR | " o . f
two gr ams/ m nifte, TGS bortdnd J&E‘é‘%f’&“ﬁ‘?‘%&em ek
then all owdd to céemperatwesinthejracge gf abaytfroghi 7 €808 eng to operate the

peristaltic punp. At this point the punp was turned off and the m xture was

distilled undeg v ' . Q. t s cool ed
fo hBop err] o | T G s R EoRibG d Claitl Pyfiidin sdd RrdRRGER Jefdied e E0
with di | uentfros the group of acetic acid, propionic acid and mixtures thereof and
- 23 EXAVPLE séid processisiodndctéd dbtempéatdres #héIrSnge of about &dmi BN

PHENATE W WATE [‘J{JBI\‘J,OO. This exanple illustrates a procedure
accordi ng ila; t he ﬁndvagn Ion o?c' preparing the title conposition using

stearic acid. A5 liter vessel with over- head stirrer is charged
with 1,220 grane. ofhepeesseaccdrdingaoBlandBdherainsaid carboxyi@acaus aal di | uent

il, 1,400 | : - f : . | L4, d
15 g ans of - 10v ESure o o€ S il dbanic GE e Sy BASEASY s conaucrdify ™ T
vessel is quickly ‘emperaturas iphe ranaeqrfadbouhemnB3y Slo B err] C over

three 1shours, and is held at that tenperature for three additional

hours. During gl The%E%Mql%lﬁ(m%vﬁﬂéﬁ&aié&%c%sq the

rate of two grans per . . :
mixture containing about from 5 10 25 wt% formic acid and about from

75 to 95 wi% acatic acid.

20 12, The process according to Claim 5 wherein said promoter is formic acid
and said procass 18 conducted at temperaturas of about from 130° C
to 175° C.

13. The process according to Claim 1, wherein said promoter is selected
25 from the group of caicium formate, calcium acsetate, calcium propionate
and mixtures thereof.

14. A process for prepanng a metal overbased sulfurized alkylphenate
composition having a TBN of at least 200 which is substantially free of
30 polyol promoter axidation products, which comprises the steps of:
(a) contacting an alkylphenol, having at least one alkyl substituent
having from 6 to 36 carbon atoms, with sulfur, in the presence of a
prombter acid selected from the group of alkanoic acids having 1
through 3 carbon atoms, mixtures of said alkanoic acids, metal
35 salts of said alkanoic acids, and mixtures thereof, and at least a
stoichiometric amount of a metal base sufficient to neutralize said
alkylphenol and said promoter under reactive conditions in the __
absencs of a polyol promoter or an alcohol for a sufficient period of
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Next, 500 grans of ethylene gl ycot~is added over 30 minutes. The 15

tenperature i s adj u C and carbonation is continued for
three hours wi ﬂmgﬂ“m im‘ . Inall, 580 qr.¢ ans or{ c:ambén di oxi de
is delivered to he wat er generate s,,-: i stillled off.

At the conpletion of carbonation, the tenper at uce.is Fabsé te-240[err] C

over 20195 <3 g b ey s Paiitd iy ﬁé'ﬁ“%i? mme

di at omaceous earth an$uifwized alkyiphenate essentialiy:fcee
DETERM NATI ON OF @AL ofstep (E)mthmaidmidaw onot ed

EoritacticRyhd redcticd broduct
sul furization of thi S alsdlh gﬁ,aaH M’B@&I ally
| ess oxal ate than in curyé%%b “?1 y' 'ﬁqqﬁ%verh&?gﬁ roduct s,

whi ch deped on et hyl BfRsegrd m%@ vpRefst ep.
The oxal ate concent ramwﬁeomapmmawthsnlmummbfabomﬁdd(yl phenat e
products can determ nqgob hh@o @cedure descri bed bel ow. Oxal ate
presence in the overbased phenate conposition is determ ned by t he

presence of an infrared peak at 1660 cnierr] and the concentration of the
35 oxalate. issdem process bgcarding torGlains it 4 whayeih istext (a) iof mldmgod:énsns

over based EQ"EE% bhwe | aBBut Bl
achi eved. }5\ smal | anoun e‘@étqeﬁ: sc”r'és““léu | ngd?conpoglﬁt ion IS t%en pl aced
ina 0.2 mllinmeter (nom nal t hi ckness) infrared cavity cell (e.g.,

sodi um chl ori deygp! Theprochs® atcariding wECKAIm 14 wherein step (a) of said procass is
-24 (nomi nal vity cell
contai ning only %nt o%%ﬁs’%ﬁ%r nglbﬁpﬁspfﬁ

The cells are
scanned on a Perkin Elnmer Model 281 Infrared 5 Spectr ophot onet er usi ng

the two sodsum 1l Thageosasslaccording td\Ciunet 150wherein step (a) is conducted using

about from 0.8 to 3.5 moles of said sulfur, 0.025 to 2 moles of said
promoter, 0.5 to 2.5 moles of said metal per mole of said alkylphenol, an
additional neutralizing amount of said metal base per mole of said
alk.a0ic acid, and a minor amount of an inert organic liquid diluent.

20

18. The process according to Claim 17 wherein step (b) is conducted in situ

with the reaction product mixture of step (a) and wherein said step (b) is
conducted using about from 1 to 2 moles of said metal base. about
0.2 to 2 moles of carbon dioxide, and 0.2 to 2 moles of said alkylene

25 glycol per moles of said alkylphenol, wherein said alkylene glycol is
ethylene glycol. '

19. The process according to Claim 18 wherein said steps (a) and (b) are

cenducted at prassures in the range of about from 25mm Hg absolute to
30 850mm Hg absolute.

20. The process according to Claim 18 wherein said promoter is selected
from the group of formic acid, acetic acid, and mixtures thereof.

35 21. The procass according to Claim 20 wherein said promoter is formic acid

and step (a) is conducted at temperatures of about from 130° C to
175° C.
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speed 12 minutes. The infrared spectra from 2000 to 1500 cnjerr] is
.determ ned for the sarrpl e.. The X axis of the IR spectra nmeasures cni and

the Y axis neasures a rbance units. The peak at 1660
cnjerr] is due t ﬂgﬁ m The actual determ nation or
calculation of 10 o nunber is mage.  by;; a:marej'n r}e i ch

subtracts the oxal ate spectrumfromthe reference ‘spec Uth-8nd t hen
scal es the net absorbance to a standard 0.2D00 nrhiteh{t l|5| sing ithe
appropriate cell path length inputted int28 the nachine. 15 VWi | e

tgg 8_resent inﬁﬁntmwmwm”mﬁmdm%e&&fﬁwmt&mw
Shd substi tuti ons & “ﬁ‘*%:‘ggj'ﬁa"*‘%@&?ﬂ niflefd f‘f Bopti R4 A bbbt 0 10°°

departing fromt he whereip:step (q) is 25

30 35 conducted at temperam: mmerangeofabwtfrom 170° C 10 300° C.
5
23. The procass according to Claim 22 wherein said promoter is selected
from the group of acetic acid, propionic acid, and mixtures thereto, and
wherein step (a) is conducted at temperatures in the range of about
from 190° C to 300° C.
10

24. The procass according to Claim 14, wherein said promoter is selected

from the group of caicium formate, calcium acetate, calcium propionate
and mixtures thereof.

15 25. The process according to Claim 14, wherein step (a) occurs in the
presencs of stearic acid.

20
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-25 Wiat is clained is: 1. A proess for preparing a netal sulfurized

al kyl phenat e conposition having a TBN of about from 50 to 150 which is
substantially free of pol yol pronoter oxidation products which
conprises contacting an al kyl phenol , having at | east one al kyl
substituent having from6 to 36 carbon atons, with sulfur, in the
presence of a pronoter selected from- 29 the group of al kanoi c aci ds
having 1 through 3 carbon atons, and m xtures of said al kanoi ¢ aci ds,
nmetal salts of al kanoic acids, and m xtures thereof, and at |least a

st oi chi or net r METHODSNFORf PREPARINGONOBMAL ANDUOVERBASEDt PHENATES| | ze sai d
al kyl phenol and sai d carboxylic acid under reactive conditions, in the
absence of a polyol pronoter or an al ABSTRACT a sufficient period of
time to react essentially all of the sulfur thereby yi el ding a netal

sul furized aIkyIPhenate reacti gn product m xture essentially free of
el emental sul f UPFOCREERSfOr RFgParing feswval ard @Mﬁ@ﬁ@@d“eta' sulfyrizet presence of

wat er 1 hrgpuglatiylplienatesr Thesrosssked dreainarattetizgadby a sulfalizatiolh reactios

Y0 err]C 3"%@%@‘3%@1%%9%@@séw"ﬁcbf&f%@a%%gpwpﬁcﬁﬁétsn :

conducted at €.g., ethylene glycol. eThe prodassraffards af matal sulfudeed phpnate: prodioof er r |

C. 3. The [ | in3a CONduct ed
usi ng about fﬂ%}?%ésﬁ%ﬁ%l ff&ﬁ %gp@asgléatW?ﬂ&cgoggetp? thfc:tmlazs of said
promoter. 0. MSghllasa t'\é%sm" ubricating: Qils. hase per nole of said al kyl - .
phenol , g& additional neutralizing amount of metal base per nmpole of said

carboxylic acid, and a m nor anount of an inert organic |iquid diluent. 4

The process according to Caim3 wherein said process is conducted at
pressures in the range of about from 25mm Hg absolute to 850nmm Hg

absol ute. 5. The process according to Caim3 wherein said pronoter is a
car boxylic acid and is selected fromthe group of acetic acid,
propi oni ¢ aci d.

16
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_-26 m xtures of acetic and propionic acid, and m xture gof
-Wth _ formc acid. 6 . The process accordl ng t%”?f}?%*s
wherein said process is conducted at tenperatures in the range of
about from 170 C to 300 C. 7 . The process according-te-Cl-ai.m.5.

wherein said pronoter is selected .25 . fromthe f acetic acid,
propionic acid and mxtures thereof and sai aﬂﬂﬁmi ,(mcmmct ed
at tenperatur‘ﬁﬁ n the r nge of about from

300[err] C ‘rocess according to Caimb5 wherein sai d°

carboxylic acid |s a mxture of formc acid and acetic acid and

said process s c® tet@n of about
from 130[ err] Ct 300 E S.S Ccor aim 8,
wherein said carb éeryd Mmsow‘?sa“&'% r’é’gﬁ%[%ogbout from
5 to 25 m%form&t&!ummonmwdswhmwmmmm@acetuc aci d.
10. The processalRpipRéndlBavifg ot Riast SneaikyPsubstifiaht RavIR h@fnﬁ%ﬁermc aci d
andlggl[d p]r(c):cess guc ed a 3@@ es_of about ; ga g?ée rr |

o] err é%ﬁqﬁﬁe sal
promoter is sel ecmdalmmwmmgmﬁmmm e, calcium
acetate, .cal ci um gip@ided’ i s8id alkanoic acids, fiethl'Salts of kahbie'Rids, and 12 A

D T o P Pt Wt U355 S B AL BT AR e, o1
sufﬁcent to neutralize said alkyipheno! and said carboxylic acid under
' reactive conditions, in the absenca of a polyol promoter or an alcohol for
a sufficient period of time to react assentially all of the sulfur thereby
yielding a metal sulfurized alkylphenate reaction product mixture
essentially free of elemental sulfur; wherein said process is conducfed
in the presence of water throughout said process and wherein at least

50 wt% of the promoter is added to the reaction at a temperature of at
least 130°C.

2. The process according to Claim 1 wherein said process is conducted at
temperatures in the range of about 130° C to 300° C.

3. The process according to Claim 1 wherein said procass is conducted
using about from 0.8 to 3.5 moles of said sulfur, G.025 to 2 moles of said
promoter, 0.4 to 1.2 moles of said metal base per mole of said alkyi-
phenol, an additional neutralizing amount of metal base per mole of said
carboxylic acid, and a minor amount of an inert organic liquid diluent.

The procass according to Claim 3 wherein said process is conducted at

pressures in the range of about from 25mm Hg absolute to 850mm Hg
absolute.

5. The process acodrding to Claim 3 wherein said promoter is a carboxylic
acid and is selected from the group of acatic acid, propionic acid,




pol yol pronoter oxidation products, which conprises the steps of:
‘(a) contacting an al kyl phenol, having at |east one al kyl. substituent . --

having from®6 to 36 carbon atons, with sulfur, in th
pronoter acid selected fromthe group of al kanoic acﬁﬂ[liﬁ@jﬁ"j IjUIIL
t hrough 3 carbon atons, m xtures of said al kanoi c aci'ds; M ¥ Of

C
sai d al kanoic acids, and mxtures thereofgsgand at |east a
stoi chionetric a”%'igﬁrg ‘L_I 2’?8? f%i t W@t&%’iz sai d
al kyl phenol and sgl ,pro?rﬁ%%? %ﬁ‘& '8%%[ ‘g Al Biiatud
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The process according to Caim1l5 wherein step (b) is conducted in situ
9. The procass according to Claim 8, wherein said carboxylic acid is a

mixture containing about from 5 to 25 wt% formic acid and about from
75 to 95 wt% acetic acid.

-10. The process according to Claim 3 wherein said promoter 18 formic acid

and said procass is conducted at temperaturas of about from 130° C
to 175° C.

11. The process according to Claim 1, wherein said promoter is selected

from the group of caicium formate, calcium acetate, calcium propionate
and mixturas thereof.

12, A procass for prepanng a metal overbased sulfurized alkylphenate
composition having a TBN of at least 200 which is substantially free of
polyol promater oxidation products, which comprises the steps of:

(a) contacting an alkylphenol, having at least one alkyl substituant

' having from 6 to 36 carbon atoms, with sulfur, in the presence of a

| promoter acid selected from the group of alkanoic acids having 1

i- through 3 carbon atoms, mixtures of said alkanoic acids, metal

salts of said alkanoic acids, and mixtures thereof, and at least a
stoichiometric amount of a metal base sufficient to neutralize said
alkylphenol and said promoter under reactive conditions in the
absenca of a polycl promoter or an alcohol for a sufficient period of



“with the reaction “product mxture of ste p (a) and wherein said step (b) is
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to 2 noles of carb 12 to 2 noles of said al kyl ene
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sel ected from@MﬁM@mﬂWﬂMudMnMMMt ic acid
and propionic B80°C tgfggnextures thereof with formc acid, and
wherein step (a) is conducted at tenperatures in the range of about
from170[err]C to 300[err]C. 21. The process according to Caim20

wher ei n sai d ABondheproeesscacsordiag to Claim 12 wherein sigpdapobsaid peadassasi d,
propionic acid, argndictbdaftdnisiratutes ithe range of 4B&EII0° T RIBAFC. S

conducted at tenperatures in the range of about from 190[err]C to
300[err]C. 22. The process according to Caim12, wherein said pronoter
is selected 14. Thefpropsshaceprding tofClaim d2wiherain stap:(3) ofsaid procasstiat e,
cal ci um propi onat onducted in the presence of water throughout step (a).

15.. Tha procass according to Claim 13wherein step (a) is conducted using
about from 0.8 to 3.5 moles of said sulfur, 0.025 to 2 moles of said
promoter, 0.5 to 2.5 moles of said metal per moie of said atkylphenol, an
additional neutralizing amount of said metal base per mole of said
alk.0ic acid, and a minor amount of an inert organic liquid diluent.

16:.. The procass according to Claim 15wherein step (b) is conducted in situ
with the reaction product mixture of step (a) and wherein said step (b) is
conducted using about from 1 to 2 moles of said metal base, about
0.2 to 2 moles of carbon dioxide, and 0.2 to 2 moles of said alkylene

glycol per moles of said alkylphenol wherein said alkylene glycol is
ethylene giycol.

17. The process according to Claim 16 wherein said steps (a) and {b) are

cenducted at pressures in the range of about from 25mm Hg absolute to
850mm Hg absolute.

18 The process according to Claim 16 wherein said promoter is selected
from the group of formic acid, acetic acid, and mixtures thereof.

1o. The process according to Claim 18 wherein said promater is formic acid

and step (a) is conducted at temperatures of about from 130°* C to
175° C.
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and m xtures thereof. 23.

The process according to Caim 12 wherein step
(a) occurs in the

presence of stearic acid.

A
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20. - The procass according to Claim 18wherein said promoter is selected
from acetic acid, propionic acid, mixtures of acetic acid and propionic
acid, and mixtures therecf with formic acid, and wherein step (a) is
conducted at temperatures in the range of about from 170° C 10 300° C.
21.

The procass according to Claim 20 whersin said promoter is selected
from the group of acetic acid, propionic acid, and mixtures thereto, and

wherein step (a) is conducted at temperatures in the range of about
from 190° C to 300° C.

22. . The procass according to Claim 12, wherain said promoter is selectad -

from the group of calcium formate, calcium acatate, calcium propionate
and mixturas thereof.

23. The process according to Claim 12 wherein step (a) occurs in the

prasences of steanc acid.




