
EP 0151 581 B1 Description This invention relates to compositions
comprising the reaction products of phosphorus-containing metal salts,
olefinically unsaturated compounds and active sulfur. More particularly,
this invention relates 5  to compositions comprising the reaction products
of metal salts of phosphorous-containing acids or metal salts of mixtures
of such phosphorus-containing acids and carboxylic acids, olefinically
unsaturated compounds and active sulfur. This invention also relates to a
process for reacting an olefin with active sulfur in the presence of a
metal salt of a phosphorus-containing acid or a metal salt of mixtures of
such phosphorus-containing acid and a carboxylic acid. This invention
further relates to lubricants and 10 functional fluids comprising the
foregoing compositions. Metal salts of phosphorodithioic acids are known
lubricant additives. See, for example, U.S. Patents 3,390,082 and
4,326,972. Metal salts of mixtures of phosphorodithioic acids and
carboxylic acids are also known lubricant additives. See, for example, U.S.
Patent 4,308,154. Preparations of phosphorodithioic acid usually involve
the reaction of phosphorus pentasulfide ([err]) 15 and an alcohol or a
phenol. A problem that arises with these preparations is that they often
result in levels of active sulfur that are unacceptable for certain
applications due to the corrosive nature of active sulfur. For example,
certain hydraulic fluids containing an excess of about 300 ppm active
sulfur (as measured by IP-155) may under various circumstances stain or
corrode copper and similar materials. The sulfurization of olefinically
unsaturated compounds at relatively low temperatures of about [err], 20 for
example, requires relatively long reaction times and the products of such
sulfurizations tend to have levels of active sulfur that are unacceptable
for various applications such as lubricants or functional fluids intended
for use with copper or similar metals. When the sulfurization is conducted
at highertemperatures of about 150-180C, for example, very dark to black
products are often obtained which when employed in lubricants or functional
fluids usually results in dark oil solutions that are commercially
unacceptable. 25     It would be advantageous to provide metal salts of
phosphorus-containing acids, or metal salts of mixture of such
phosphorus-containing acids and carboxylic acids that have sufficiently low
levels of active sulfur so that such salts or lubricants or functional
fluids containing such salts would not stain or corrode copper or similar
materials. It would also be advantageous to sulfurize olefinically
unsaturated compounds at relatively low reaction temperatures (i.e., below
about [err]) and relatively short reaction times, and 30 provide
compositions that are relatively light in color and have sufficiently low
levels of active sulfur so that such-compositions or lubricants or
functional fluids containing such compositions would not stain or corrode
copper or similar materials. U.S. Patent 4,289,635 discloses
molybdenum-containing compositions prepared by reacting an olefinically
unsaturated compound capable of reacting with active sulfur with a
composition prepared by 35 reacting (a) a phosphorus containing acid
represented by the formula R(X'), X P-XH .40 [err] wherein each X and X' is
independently oxygen or sulfur, each n is 0 or 1 and each R is
independently the same or different hydrocarbon-based radical, and (b) at
least one hexavalent molybdenum oxide compound, and (c) hydrogen sulfide,
in the presence of (d) a polar solvent. These compositions are described as
being useful as additives for lubricants. US Patent 4191659 describes a
method for the preparation of sulfurized compositions by reacting, under
superatmospheric pressure, an olefinic compound with a mixture of sulfur
and hydrogen sulfide in the presence of an acidic, basic or neutral
catalyst, followed by removal of low boiling materials including 50
unreacted olefin, mercaptan and monosulfide. An optional final step is
removal of active sulfur; for example, by treatment with an alkali metal
sulfide. The sulfurized compositions are stated to be useful as lubricant
additives. British Patent No. 1105729 describes a process for preparing a
metal salt of a phosphorus acid comprising the reaction of a Group II metal
base with a phosphorus acid of the structural formula P 60
R    XH (wherein X is oxygen or sulfur, at least one X being sulfur, and
each R is a substantially hydrocarbon or a substantially hydrocarbonoxy
radical with the proviso that one R can be hydrogen) wherein the reaction
is carried out in the presence of a catalyst selected from carboxylic acids
having up to 10 aliphatic carbon 65 atoms and salts thereof with a metal.
The metal salts prepared in accordance with British Patent No. 2    EP 0151
581 B1 1105729 are stated to be useful as additives inter alia in
hydrocarbon compositions, lubricants, fuels and 



greases. The present invention provides for metal salts of
phosphorus-containing acids, and metal salts of mixtures of such
phosphorus-containing acids and carboxylic acids, that have sufficiently
low levels of 5  active sulfur so that such salts as well as lubricants or
functional fluids containing such salts are non- staining and non-corrosive
to copper and similar materials. The invention further provides for
enhanced sulfurizations of olefinically unsaturated compounds at relatively
low reaction temperatures and relatively short reaction times to provide
compositions that are relatively light in color and have sufficiently low
levels of active sulfur so that such compositions as well as lubricants or
functional fluids containing such 10 compositions are non-staining and
non-corrosive to copper and similar materials. In one aspect, the invention
provides a composition comprising the reaction product of: (A) a metal salt
of (A)(I) at least one acid of the formula [err] [err]
[err] 20 wherein each X and X1 is independently oxygen or sulfur, each n is
zero or one, and each [err] is independently the same or different
hydrocarbon based group, and optionally (A)(ll) at least one carboxylic
acid of about 2 to about 40 carbon atoms, the ratio of equivalents of
(A)(l) to equivalents of (A)(ll), when (A)(11) is present, being in the
range of 0.5:1 to 500:1. (B) an olefinically unsaturated compound
containing 8 to 36 carbon atoms; and 25     (C) active sulfur, component
(A) being present In an effective amount to promote the reaction between
components (B) and (C) and/or between components (A), (B) and (C)
sufficiently to consume substantially all of component (C) at a reaction
temperature below about 140C; wherein the metal for component (A) is at
least one of Group I metals, Group II metals, aluminum, tin, cobalt, lead,
zinc, manganese, nickel or a mixture thereof. 30     The invention further
provides for additive concentrates, lubricant compositions and functional
fluids comprising the foregoing compositions. The invention further
provides for a process comprising reacting active sulfur with an
olefinically unsaturated compound containing 8 to 36 carbon atoms at a
temperature below about [err], in the presence of (A) a metal salt of
(A)(I) at least one acid of the formula 35 [err] P-XH / 40 wherein each X
and [err] is independently oxygen or sulfur, each n is zero or one, and
each [err] is independently the same or different hydrocarbon based group,
and optionally (A)(ll) at least one carboxylic acid of about 2 to about 40
carbon atoms, the ratio of equivalents of (A)(I) to equivalents of (A)(I),
when 45  (A)ll) is present, being in the range of about 0.5:1 to about 1:0,
component (A) being present in an effective amount to promote the
consumption of substantially all of said active sulfur. The reaction
products of this process, as well as concentrates, lubricants and
functional fluids comprising such reaction products are within the scope of
the present invention. Preferred embodiments of the invention are described
below. 50     The term "hydrocarbon-based group" is used throughout this
specification and in the appended claims to denote a group having a carbon
atom directly attached to the remainder of the molecule and having
predominantly hydrocarbon character within the context of this invention.
Such groups include the following: (1) Hydrocarbon groups; that is,
aliphatic, (e.g., alkyl or alkenyl), alicyclic (e.g., cycloalkyl or 55
cycloalkenyl), aromatic, aliphatic- and alicyclic-substituted aromatic
aromatic-substituted aliphatic and alicyclic groups, and the like, as well
as cyclic groups wherein the ring is completed through another portion of
the molecule (that is, the two indicated substituents may together form a
cyclic group). Such groups are known to those skilled in the art; examples
include methyl, ethyl, butyl, hexyl, octyl, decyl, dodecyl, tetradecyl,
octadecyl, eicosyl, cyclohexyl, phenyl and naphthyl (all isomers being
included). 60     (2) Substituted hydrocarbon groups; that is, groups
containing non-hydrocarbon substituents which, in the context of this
invention, do not alter predominantly hydrocarbon character of the group.
Those skilled in the art will be aware of suitable substituents (e.g.,
halo, hydroxy, alkoxy, carbalkoxy, nitro, alkylsulfoxy). (3) Hetero groups;
that is, groups which, while predominantly hydrocarbon In character within
the 65 context of this invention, contain atoms other than carbon present
in a chain or ring otherwise composed of 3    EP 0151 581 B1 carbon atoms.
Suitable hetero atoms will be apparent to those skilled in the art and
include, for example, 



nitrogen, oxygen and sulfur. In general, no more than about three
substituents or hetero atoms, and preferably no more than one, will be
present for each 10 carbon atoms in the hydrocarbon-based group. 5
Component (A): Component (A)(l), the phosphorus-containing acids of the
present invention, are represented by the general formula 10
[err] P-XH [err] 15 wherein each X and [err] is independently oxygen or
sulfur, each n is zero or one, and each [err] is independently the same or
different hydrocarbon based group. Illustrative examples of some preferred
phosphorus-containing acids are: 1. Dihydrocarbyl phosphinodithioic acids
corresponding to the formula, 20 [err] [err] [err] 25
[err] 2. S-hydrocarbyl hydrocarbyl phosphonotrithioic acid corresponding to
the formula, [err] 30 s P-SH [err] 35 3. 0-hydrocarbyl hydrocarbyl
phosphonodithioic acid corresponding to the formula,                    3
[err] P-SH 40 4. S,S-dihydrocarbyl phosphorotetrathioic acids corresponding
to the formula, R-S  S P-SH 50   5. O,S-dihydrocarbyl phosphorotrithioic
acids corresponding to the formula, [err] uss
[err] [err] 6. 0,0-dihydrocarbyl phosphorodithioic acid corresponding to
the formula, 60 [err] [err] 65                                    [err] 4
EP 0 151 581  B1 Preferred acids of the formula R'-O S P-SH 5
/ R'-O are readily obtainable by the reaction of phosphorus pentasulfide
([err]) and an alcohol or a phenol. The 10 reaction involves mixing at a
temperature of about 20 to about [err], four moles of alcohol or a phenol
with one mole of phosphorus pentasulfide. Hydrogen sulfide is liberated in
this reaction. The oxygen- containing analogs of these acids are
conveniently prepared by treating the dithioic acid with water or steam
which, in effect, replaces one or both of the sulfur atoms. The preferred
phosphorus-containing acids are phosphorus- and sulfur-containing acids.
These 15 preferred acids preferably include those acids wherein at least
one X is sulfur, and more preferably both X are sulfur, at least one [err]
is oxygen or sulfur, more preferably both [err] are oxygen and n is 1.
Mixtures of these acids may be employed in accordance with this invention.
Each [err] is independently a hydrocarbon-based group that is preferably
free from acetylenic and usually also from ethylenic unsaturation and have
from about 1 to about 50 carbon atoms, preferably from 20  about 1 to about
30 carbon atoms, and more preferably from about 3 to about 18 carbon atoms.
In a 



particularly advantageous embodiment each [err] is the same or different
and has from about 4 to about 8 carbon atoms. Each [err] can be, for
example, isopropyl, isobutyl, 4-methyl-2-pentyl, 2-ethylhexyl, iso-octyl,
etc. Each RI is most often identical to each other, although they may be
different and either or both may be mixtures. Each [err] is preferably
alkyl, and most desirably branched alkyl. 25     Component (A)(11) may be a
monocarboxylic or polycarboxylic (e.g., di-, trio, etc.) acid, usually
containing from 1 to about 3 carboxy groups and preferably only 1. It may
contain from about 2 to about 40, preferably from about 2 to about 20
carbon atoms, and advantageously about 5 to about 20 carbon atoms. The
preferred carboxylic acids are those having the formula R3COOH, wherein
[err] is an aliphatic or alicyclic hydrocarbon-based group e.g. of about 1
to about 40 carbon atoms, preferably about 1 to about 20 carbon 30 atoms,
that is preferably free from acetylenic unsaturation. Suitable acids
include acetic, propioic, butanoic, pentanoic, hexanoic, octanoic,
nonanoic, decanoic, dodecanoic, tetradecanoic, hexadecanoic, octadecanoic
and eicosanoic acids, as well as olefinic acids such as acrylic, oleic,
linoleic, and linoleic acids and linoleic acid dimer. For the most-part, R3
is methyl or a saturated aliphatic group and especially a branched alkyl
group such as the isopropyl or 3-heptyl group. Illustrative polycarboxylic
acids are oxalic, as  malonic, succinic, alky and alkyenylsuccinic,
glutaric, adipic, pimelic, sebacic, maleic, fumaric and citric acids.
Component (A) is a metal salt of component (A)(l) or a metal salt of a
mixture of components (A)(l) and (A)(ll). The metals for component (A)
areithe Group I metals, the Group II metals, aluminum, tin, cobalt, lead,
zinc, manganese and nickel as well as mixtures of two or more of these
metals. The preferred salts are 40 those of zinc. When component (A) is a
metal salt of component (A)(l) it can be prepared by reacting component
(A>(I) with -a suitable metal base. When component (A) is a metal salt of a
mixture of components (A)(l) and (A)(II) it can be prepared by merely
blending a metal salt of component (A)(l) with a metal salt of component
(A)(ll) in the desired ratio. When component (A)(11) is present, the ratio
of equivalents of (A)(1) to equivalents of (A)(II) can be about 4s  0.5:1
to about 500:1, preferably 0.5:1 to about 200:1, and more preferably about
0.5:1 to about 100:1. When component (A)(11) is a low molecular weight acid
(i.e. about three carbon atoms or less) such as acetic acid or proprionic
acid, a particularly advantageous ratio of equivalents of (A)(I) to
equivalents of (A)(11) is about 400:1 to about 50:1, preferably about 100:1
to about 200:1. When component (A)(II) has more than about three carbon
atoms, a particularly advantageous ratio is in the range of 0.5:1 to about
50:1, preferably 50 about 0.5:1 to about 20:1. The equivalent weight of
component (A)(1) can be determined by dividing the molecular weight of
component (A)(1) by the number of -PXXH groups. These can usually be
determined from the structural formula of component (A)(1) or empirically
through well known titration procedures. The number of equivalents of
component (A)(l) can be determined by dividing the weight of component
(A)I) by its 55 equivalent weight. The equivalent weight of component
(A)(11) can be determined by dividing the molecular weight of component
(A)(11) by the number of -COOH groups present. These can usually be
determined from the structural formula of component (A)(ll) or empirically
through well known titration procedures. For example, a succinic acid has
an equivalent weight of one-half its molecular weight. The number of 60
equivalents of component (A)(11) can be determined by dividing the weight
of component WA)(lO) by its equivalent weight. The total number of
equivalents of component (A) can be determined by adding the number of
equivalents of component (A)(l) and the numxer of equivalents of component
(A)(ll). A second and preferred method for preparing the metal salts of
mixtures of components {A)(l) and 65 (A)(ll) is to prepare a mixture of the
acids (components (A)() and (A)(ll)) in the desired ratio and to react the
5    EP 0151 581 B1 acid mixture with a suitable metal base. When this
method of preparation is used, it is frequently possible to prepare a
neutral salt or a salt having more or less than the metal present in the
corresponding neutral salt. The term "neutral salt" refers to salts
characterized by metal content equal to that which would be 5  present
according to the stoichiometry of the metal and the particular organic
compound reacted with the metal, i.e., component (A)(l) or mixtures of
components (A)(l) and (A)(ll). Thus, if a phoshorodithioic acid, S 11 to
(RO)2 P-SH is neutralized with a basic metal compound, e.g., zinc oxide,
the neutral metal salt produced would contain one equivalent of zinc for
each equivalent of acid, i.e., 15                                         S
l (RO)2 P-SJ Zn 



2 20  However, with the present invention, component (A) can contain more
or less than the stoichiometric amount of metal. The products containing
less than the stoichiometric amount of metal are acidic materials. The
products containing more than the stoichiometric amount of metal are
overbased materials. For example, salts of component (A) containing 80% of
the metal present in the corresponding neutral salt are acidic, while salts
of component (A) containing 110% of the metal present in the corresponding
neutral 25  salt are overbased. Component (A) generally has about 80% to
about 200%, preferably about 100% to about 150%, more E   preferably about
100% to about 135%, and advantageously about 103% to about 110% of the
metal present in the corresponding neutral salt. 7- Variants of the
above-described methods may also be used to prepare the mixed metal salts
of this - 30  invention. For example, a metal salt of component (A)(I) or
(A)(ll) may be blended with the free acid as component (A)(ll) or (A)(1),
respectively, and the resulting blend reacted with additional metal base.
Suitable metal bases for the preparations of component (A) include the free
metals previously enumerated and their oxides, hydroxides, alkoxides and
basic salts. Examples are sodium hydroxide, sodium methoxide, sodium
carbonate, potassium hydroxide, potassium carbonate, magnesium oxide,
magnesium ydroxide, calcium hydroxide, calcium acetate, zinc oxide, zinc
acetate, lead oxide, nickel v, oxide and the like.          h The
temperature at which the metal salts of component (A) are prepared is
generally between about 30 and about 150C, preferably up to about 125C. If
component (A) is prepared by neutralization of a mixture of acids with a
metal base, it is preferred to employ temperatures above about 50 and
especially :  v40  above about 75. It is frequently advantageous to conduct
the reaction in the presence of a substantially inert, normally liquid
organic diluent such as naphtha, benzene, xylene, mineral oil or the like.
If the diluent is minieral oil mr is physically and chemically similar to
mineral oil, it frequently need not be removed before usingthe component
(A) in the compositions of the present invention. f5  Component (B): The
olefinically unsaturated compounds containing 8 to 36 carbon atoms of the
present invention are those compounds that are capable of reacting with
active sulfur. These compounds are diverse in nature. They generally
contain at least one olefinic double bond, which is defined as a
non-aromatic double bond: that is, one connecting two aliphatic carbon
atoms. Preferred olefins may be defined by the formula - o 50R4RGC=CRR7
wherein each of R', RIF RI and RI is hydrogen or an organic group such that
the compounds containing 8 to 36 carbon atoms. In general, the R groups in
the above formula which are not hydrogen may be satisfied by such groups as
:                 -CIRB), -COOR", -CON(RB)2, -COON(RB)4 -COOM, -CN, - 5
-R8COORO, -R'CON(R')2, -ROCOON(R')4, -RBCOOM, -ROCN, 0
0 . 60--R,                                               ARM -Rs, -X, -RX,
-YR8, -R'YR', -R8N(RO)2, or -Ar, wherein: 65     Each RI is independently
hydrogen, alkyl, alkenyl, aryl, substituted alkyl, alkylene, substituted
alkylene, 6    a1'' EP 0151 581 81 substituted alkenyl or substituted aryl,
with the proviso that any two Re groups can be alkylene or substituted
alkylene whereby a ring of up to about 12 atoms is formed; M is one
equivalent of a metal cation (preferably Group I or 11, e.g., sodium,
potassium, barium, calcium); 5     X is halogen (e.g., chloro, bromo, or
iodo); Y is oxygen or divalent sulfur; Ar is an aryl or substituted aryl
radical of up to about 12 carbon atoms in the substituent. Any two of R4,
R5, R6 and RW may also together form an alkylene or substituted alkylene
group; i.e., the olefinic compound may be alicyclic. 1O The natures of the
substituents in the substituted moieities described above are not normally
a critical aspect of the invention and any such substituent is useful so
long as it is or can be made compatible with lubricating environments and
does not interfere under the contemplated reaction conditions. Thus,
substituted compounds which are so unstable as to deleteriously decompose
under the reaction conditions employed are not contemplated. The selection
of suitable substituents is within the skill of the art or may be 15
established through routine testing. Typical of such substituents include
any of the above-listed moieties as well as hydroxy, amidine, amino,
sulfonyl, sulfinyl, sulfonate, nitro, phosphate, phosphite, alkali metal 



mercapto and the like. The olefinically unsaturated compound is usually one
in which each R group which is not hydrogen is independently alkyl, alkenyl
or aryl, or (less often) a corresponding substituted radical. Monoolefinic
and 20 diolefinic compounds, particularly the former, are preferred, and
especially terminal monoolefinic (mono- 1-olefins or alqha-olefins)
hydrocarbons; that is, those compounds in which RI, R6 and R7 are hydrogen,
and R4 is alkyl or aryl, especially alkyl (that is, the olefin is
aliphatic). The olefinic compounds contain from 8 to 36 carbon atoms and
preferably from 8 to 20 carbon atoms. The aliphatic mono-1-olefin or
alpha-olefin (i.e., terminal olefin) is one which is unbranched on the 25
olefinic carbon atoms; that is, which contains the moiety CH2=CH-. It also
usually contains substantially no branching on the allylic carbon atoms;
that is, It preferably contains the moiety CH2=CHCH2-. Preferred
mono-1-olefins or alpha-olefini have 8 to 20, preferably 15 to 18 carbon
atoms. Mixtures of these olefins are commercially available and such
mixtures are suitable for use in this invention. Exemplary .of
mono-1-olefins or alpha-olefins are 1-octene, 1-nonene, 1-decene,
1-dodecene, 1- 30 tridecene, 1-tetradecene, 1-pentadecene, 1-hexadecene,
1-heptadecene, 1-octadecene, 1-nonadecene, 1- eicosene, 1-henicosene,
1-docosene, 1-tetracosene, 1-pentacosene, 1-hexacosene, 1-octacosene, 1-
nonacosene, etc. Exemplary of commercially available alpha olefin mixtures
are C11_js alpha-olefins, C12-1S alpha-olefins, C14--e6 alpha-olefins,
C14-18 alpha-olefins, C1*-1. alpha-olefins, C16_20 alpha olefins, C22-28 Y,
alpha-olefins, etc. Additionally, C30+ alpha-olefin fractions such as those
available from Gulf Oil Company 35 under the name Gulftene can be used.
Mono-olefins which are suitable for use in accordance with the present
invention can be derived from the cracking of paraffin wax. The wax
cracking process yields both even and odd number C6.20 liquid olefins of
which 85 to 90 percent are straight chain 1-olefins. The balance of the
cracked wax olefins is made up of internal olefins, branched olefins,
diolefins, aromatics and impurities. Distillation of the C6_20 liquid 40-
olefins obtained from the wax cracking process yields fractions (i.e.,
Cis-1. alpha-olefins) which are particularly useful in accordance with this
invention. Other mono-olefins can be derived from the ethylene chain growth
process. This process yields even numbered straight chain 1-olefins from a
controlled Ziegler polymerization. Other methods for preparing  the
mono-olefins of this invention  include chlorination- 45
dehydrochlorination of paraffins and catalytic dehydrogenation of
paraffins. The above procedures for the preparation of mono-olefins are
well known to those of ordinary skill in the art and are described in
detail under the heading "Olefins" in the Encyclopedia of Chemical
Technology, Second Edition, Kirk and Othmer, Supplement, Pages 632-657,
Interscience Publishers, Div. of John Wiley and Son, 1971, which is hereby
incorporated by reference for its relevant disclosures 6o pertaining to
methods for preparing mono-olefins. Also, fatty acid esters or amides
derived from one orm ore unsaturated carboxylic acids are particularly
useful as the olefinically unsaturated compounds. The term "fatty acid" as
used herein refers to acids which may be obtained by hydrolysis of a
naturally occurring vegetable or animal fat or oil. These are usually in
the C16-20 range and include oleic acid, linoleic 55 acid and the like.
Fatty acid amides that are useful include oleamide (sometimes referred' to
as oleyl amide), N,N- dimethyl oleamide, N,N-bis(2-hydroxyethyl) oleamide,
and N,N-di-n-butyl oleamide. ;               Fatty acids esters which are
useful are primarily esters of aliphatic alcohols, including monohydric
alcohols such as methanol, ethanol, 1-propanol, 2-propanol, the butanols,
etc., and polyhydric alcohols 60 including ethylene glycol, propylene
glycol, trimethylene glycol, neopentyl glycol, glycerol and the like. The
polyhydric alcohols can be partially or fully esterified. Particularly
preferred are fatty oils derived predominantly from unsaturated acids, that
is, triglycerides of long chain unsaturated carboxlic acids, especially
linoleic and oleic acids. These fatty oils include such naturally occurring
animal and vegetable oils as lard oil, peanut oil, cotton seed oil, soybean
oil, corn oil, palm oil, sunflower oil, and the like. 65 Mixtures of two or
more of these fatty oils an also be used. 7    EP 0 151 581 BI The
composition and nature of fatty oils is well known to those of ordinary
skill in the art and can be found in more detail in M. P. Doss, Properties
of the Principal Fats, Fatty Oils, Waxes, Fatty Acids and Their Salts, The
Texas Company, 1952, which is hereby incorporated by reference for its
description of the fatty oils and unsaturated carboxylic acids useful for
this invention. 5     Mixtures of fatty acid esters and mono-olefins can be
used in accordance with the present invention. A particularly preferred
mixture is that of C15._,8 alpha-olefins and soybean oil. The equivalent
weight of component (B) can be determined by dividing its molecular weight
by the number of olefinic double bonds (-C=C-) present. The number of
equivalents of component (B) can be determined by dividing the weight of
component (B) by its equivalent weight. 



10    The ratio of equivalents of component (A) to equivalents of component
(B) is conveniently in the range of about 1000:1 to about 1:5, preferably
about 500:1 to about 1:3, more preferably about 100:1 to about 1:3, and
more preferably about 50:1 to about 1:3. In a particularly advantageous
embodiment, the ratio of equivalents of component (A) to equivalents of
component (B) is about 25:1. 15 Component (C): The term "active sulfur" is
used herein to mean sulfur in a form which can cause staining of copper and
similar materials. Standard tests are available to determine sulfur
activity. For example, ASTM D 1662 can be used for determination of active
sulfur in cutting fluids. Active sulfur can be elemental sulfur, or it can
be present in compounds represented by the formula 20
2 R9L.-So--R' wherein R9 and R' are independently hydrogen or organic
groups, and x is a number greater than 2, preferably in the range of about
3 to about 15. Component (C) is present either as an impurity resulting  2
generally during the formation of component (A)(l), or as an added
ingredient which can be provided for reacting with component (B) or the
combination of components (A) and (B) to modify the properties of
components (A) and/or (B). In general, the R9 and RI' groups in the above
formula which are not hydrogen may be satisfied by 30  such groups as
-C(R")3,--CWR", -CYN(R')2, -CYYNIR')4,-CYYM, -CN,-YM, Y 35
II its                          lR(Y)}l2-P-, -1", -X, -YR'1 or -Ar,
Hwherein: Each RI' is independently hydrogen, alkyl,. alkenyl, aryl,
substituted alkyl, substituted alkenyl or 40  substituted aryl, with the
proviso that any two RW groups can be alkylene or substituted alkylene
whereby a ring of up to about 12 atoms is formed; *M is one equivalent of a
metal cation (preferably Group I or 11, e.g. sodium, potassium, barium,
calcium); X is halogen (e.g., chloro, bromo, or iodo); Y is oxygen or
divalent sulfur; n is zero or one; Ar is an aryl or substituted aryl
radical of up to about 12 carbon atoms in the substituent. R9 and RI0 may
also together form an alkylene or substituted alkylene group; i.e., an
alicyclic group. The natures of the substituents in the substituted
moieties described above are not normally a critical 50 -aspect of the
invention and any such substituent is useful so long as it is or can be
made compatible with lubricant or functional fluid environments and does
not interfere under the contemplated reaction conditions. The selection of
suitable substituents is within the skill of the art or may be established
through routine testing. Typical of such substituents include any of the
above-listed moieties as well as hydroxy, amidine, amino, sulfonyl,
sulfinyl, sulfonate, nitro, phosphate, phosphite, alkali metal mercapto and
the -5   like. When component (C) is in the form of elemental sulfur, its
equivalent weight is its atomic weight. When component (C) is in the form,
;                            ~~~~~~~~~R9 Sj--W its equivalent weight is its
molecular weight divided by x-2. The number of equivalents of component (C)
can be determined by dividing the weight of component (C) by its equivalent
weight. The ratio of equivalents of component (A) to equivalents of
component (C) is conveniently in the range of about 1:0 to about 1:6. The
ratio of equivalents of component (B) to equivalents of component (C) is in
the range of about 1:0 to about 1:3. The specification of ratios of (A):(C)
and (B):(C) of 1:0 are shorthand 8    EP 0151 581 51 methods used herein
and in the appended claims of identifying compositions wherein the presence
of component (C) as an impurity is anticipated, but the actual levels
observed are negligible. In a particularly advantageous embodiment wherein
component (C) is added for the purpose of modifying the properties of
components (A) andlor (B), the ratio of equivalents of component (A) to
equivalents of component (B) to equivalents of component (C) is about
1:2:3. In preparing the compositions of the present invention, the starting
material is the acid, i.e., component (A)(l), or mixture of acids, i.e.,
components (A)(l) and (A)(ll). Component (B) is added either at the same
time, or prior to, or subsequent to the addition of metal base required for
the formation of component (A). Component (C), is present either as an
impurity resulting from the formation of component (A)(l), for 1  example,
or is added preferably at the same time component (B) is added. By heating
the combination of 



components (A) (B) and (C), substantially all of component (C) reacts with
or is consumed by component (B) and/or the combination of components (A)
and (B), and the resulting compositions are characterized by relatively low
(for example, less than 300 parts per million as measured by IP-155) levels
of active sulfur. The term "substantially all" with respect to the
consumption of component (C) is used herein to mean that 15  subsequent to
the reaction between component (C) and component (B), or the combination of
components (A) and (B), the resulting compositions are characterized by
sufficiently low levels of active sulfur so as tb be nonstaining or
non-corrosive to copper or similar materials. The reaction temperature is
generally in the range of about 80rC to about 1400C, preferably about 800C
to about 1300C, more preferably about 1000C to about 1200C. The resulting
compositions are useful, for example, as anti-wear agents and anti-oxidants
in 20  lubricants and functional fluids. Lubricants and functional fluids
employing these compositions are particularly suitable for applications
wherein contact with copper and similar materials is anticipated due to the
non-staining, non-corrosive characteristics resulting from the low levels
of active sulfur in these compositions. While not wishing to be bound by
theory, it is believed that component (C) reacts with the olefinic 25
double bonds of component (B) and that component (A) acts as a catalyst or
promoter. It is possible, however, that, under various circumstances,
component (A) also enters into the reaction. In order for the reaction to
proceed to completion (i.e., react substantially all of component (C) with
component (B) or the combination of components (A) and (B)) at relatively
low temperatures (e.g. 80C to 1400C) an effective amount of component (A)
to catalyze, promote, or enter into the reaction must be present. 30
An advantage of the present invention' is that active sulfur, i.e.,
component (C), reacts with or is consumed by component'(B) or the
combination of components {A) and (B) at relatively low temperatures (e.g.,
about 80C to about 1400C) in relatively- short periods of time to yield
useful compositions characterized by relatively low levels of active sulfur
and light color. In one embodiment, active sulfur which is present as an
impurity resulting from the formation of component (A)(l) is effectively
eliminated 35  (or reduced to acceptable levels) from useful metals salts
of component (A)(1) or metal salts of mixtures of components (A)(l) and
(A)(ll). In another embodiment the sulfurization of olefinically
unsaturated compounds, i.e., component (B), is enhanced or promoted by
component (A), and useful compositions comprising sulfurized reaction
products characterized by relatively low levels of active sulfur are
obtained. In all the following non-limiting examples, unless otherwise
stated, all parts are parts by weight. 40 Example 1 A reaction mixture is
prepared by the addition' of 3120 parts (24.0 moles) of 2-ethylhexanol and
444 parts (6.0 moles) of isobutyl alcohol. With nitrogen blowing at
2.8x10-2m3 (1.0 cubic feet) per hour, 1540 45  parts (6.9 moles) of P2Sr is
added to the mixture over a two-hour period while maintaining the
temperature at 60-78C. The mixture is held at 75C for one hour and is
stirred an additional two hours while cooling. The mixture is filtered
through diatomaceous earth. The filtrate is the product. 50  Example 2 A
reaction mixture is prepared by the addition of 590 parts (14.4 moles) of
ZnO, 114 parts of a commercially available mixture of C1..18 alpha-olefins
and 457 parts of diluent oil. At 25C, 4745 parts (12.5 moles) of the
product of Example 1 is added to the mixture over a thirty minute period.
The exotherm increases the temaerature to 70tC. The mixture is heated to
85C and maintained at that temperature for 55  three hours. The mixture is
stripped to I 10C at 3.3 kPa (25 mm. Hg). The mixture is filtered twice
through diatomaceous earth. The filtrate is the product. A 1% solution of
this product in mineral oil gives an ASTM D130 copper strip rating of 1A
after three hours at 100lC. 60  Example 3 A slurry is prepared by the
addition of 440 parts (10.7 equivalents) of ZnO and 300 parts diluent oil.
3254 parts (9.73 equivalents) of O,O-dl-(4-methyl-2-pentyl)
phosphorodithioic acid is added to the slurry over a 2.5 hour period. The
exotherm increases the temperature to 8VC. The mixture is held at 860C for
three hours. 80 parts (0.35 equivalents) of a commercially available
mixture of C,5_,, alpha-olefins is added 65  to the mixture. The mixture is
stripped to 1 10C at 2 kPa (15 mm. Hg). The temperature is increased from 9
EP 0151 581 BI 90Cto 1100C overa two-hour period. The residue is held at
1100C under a nitrogen flow of 1.4x10-2m3 (0.5 cubic feet) per hour for an
additional two hours before being allowed to cool. The residue is filtered
through diatomaceous earth. The filtrate is the product. The level of
active sulfur of the product as measured by IP- 155 is 39 parts by million.
5 Example 4 A reaction mixture is prepared by the addition of 49 parts (1.2
equivalents) of ZnO over a 15-minute period to 300 parts (1.0 equivalents)
of O,O-di(alkyl) phosphorodithioic acid containing 40 percent isopropyl 



and 60 percent 4-methyl-2-pentyl groups. The exotherm increases the
temperature to 700C. The mixture is 10 heated to 80WC and maintained at 80C
for three hours with stirring. The mixture is stripped to 1100C at 2.7 kPa
(20 mm. Hg). The residue is an intermediate product. 310 parts of
intermediate product is mixed with 106 parts (3.31 equivalents) sulfur and
514 parts (2.18 equivalents) of a commercially available mixture of C1..-,8
alpha-olefins. The mixture is heated to 1200C with stirring and nitrogen
blowing beneath the liquid surface at 2.8x102m3 (1.0 cubic feet) per hour.
The mixture is held at 1200C with nitrogen blowing at 15 2.8x 10-2 m3 (one
cubic foot) per hour for three hours. A cloth filter pad is packed with
five parts diatomaceous earth and ten parts diatomaceous earth is stirred
into the mixture. The mixture is vacuum filtered through the cloth pad to
provide 879 parts of red-amber liquid. This liquid is refiltered through
paper giving 869 parts of red-amber liquid. The filtrate is the product. A
2% solution of this product in mineral oil gives an ASTM D130 copper strip
rating of 1A after three hours at 121'C. 20 Example 5 The active sulfur
content of a neutral zinc salt of O,O-di-(4-methyl-2-pentyl)
phosphorodithioic acid is 2732 parts per million. 1000 parts (2.78
equivalents) of this zinc salt and 31.83 parts (0.139 equivalents) of a
\ws'  commercially available mixture of C15.,1 alpha-olefins are heated at
110C with medium speed stirring for 25 three hours under a nitrogen flow of
1.4x 102m3 (0.5 cubic feet) per hour. The level of active sulfur of the
resulting mixture as measured by IP-155 is 50 parts per million. A 1%
solution of this mixture in mineral oil gives an ASTM D130 copper strip
rating of 1A after three hours at 100C and 1A after three hours at 120C.
Example 6 .  - 30   The active sulfur content of a neutral zinc salt of
O,O-di(4-methyl-2-pentyl) phosphorodithioic acid is 2850 parts per million.
150 parts by weight of this zinc salt and 5.97 parts by weight of a
commercially available mixture of Cls_ alpha-olefins are heated at 120C for
three hours under a nitrogen flow of : 1 Ax 102m3 (0.5 cubic feet) per hour
using medium speed stirring. The level of active sulfur of the resulting
mixture as measured by IP-155 is 22 parts per million. A 1% solution of
this mixture in mineral oil gives an ASTM D130 copper strip rating of 1A
after three hours at 100C. Example 7 -150 parts of the starting zinc salt
used in Example 6 and 3 parts of a commercially available mixture of
C1.5-Is alpha-olefins are heated at 1200C for 3 hours under a nitrogen flow
of 1Ax 10-2m3 (0.5 cubic feet) per 40 hour. The level of active sulfur of
the resulting mixture as measured by IP-155 is 36 parts per million.
Example 8 150 parts-of the starting zinc salt used in Example 6 and 1.5
parts of a commercially available mixture of -C1.1 alpha-olefins are heated
at 120Cfor3hoursundera nitrogenflowof 1Ax10O2m3 (0.5cubicfeet) per .45
hour. The level of active sulfur of the resulting mixture as measured by
IP-155 is 29 parts per million. Example 9 .A slurry is prepared by the
addition of 486.6 parts (11.86 equivalents) of ZnO and 243.1 parts diluent
oil. With medium speed stirring 1204 parts (3.6 equivalents) of
O,O-di-(4-methyl-2-pentyl) phosphorodithioic *   50 acid are added to the
slurry and the temperature of the resulting mixture is increased from 560C
to 8rC over a period of 20 minutes. 2407 parts (7.2 equivalents) of
O,O-di(4-methyl-2-pentyl) phosphorodithioic acid are added to the mixture.
The temperature of the mixture is maintained at 86WC for 4 hours. 500 parts
of the mixture are poured off. The remaining 3831 parts of mixture are
mixed with 156.04 parts of a commercially available: mixture of C,-15..
alpha-olefins. The mixture is stripped to 1050C at 2kPa (15 mm. : 55 Hg).
The temperature of the mixture is increased from 22 to 1050C over a 3-1/2
hour period. The mixture is -held at 105C under a nitrogen flow of 1
Ax102m2 (0.5 cubic feet) per hour for an additional two hours before being
allowed to cool. The mixture is cooled and filtered through diatomaceous
earth. The filtrate is * ;   the product. The active sulfur content of the
product as measured by IP-1 55 is 49 parts per million. A 1% solution of
this product in mineral oil gives an ASTM D130 copper strip rating of 1A
after three hours at 60 lOCt. Example 10 100 parts (0.303 equivalents) of
soy bean oil and 46 parts (0.201 equivalents) of a commercially available
mixture of C15.19 alpha-olefins are mixed for five minutes. A reaction
mixture is prepared by the 65 addition of 3 parts of the foregoing soy bean
oil/alpha-olefin mixture and 100 parts of a zinc salt of 0,0- 10    EP 0151
581 81 di(alkyl)phosphorodithioic acid containing 20% butyl and 80%
2-ethylhexyl groups. (The molar ratio of the combination of 2 ethyl-hexanol
and butanol to P2Ss used in making the O,O-di(alkyl) phosphorodithioic acid
is 4A:1. The ratio of acid to zinc oxide is 1:1.3 equivalents.) The
reactants are mixed for ten minutes and heated at 130*C for four hours. *t-
5 Example 11 



Example 10 is repeatedwith the exceptionthat6 parts, ratherthan 3 parts,
ofthesoy bean/C1ts)8 alpha- . - ~~olefin mixture is reacted with the
0,0-di~alkyl) phosphorodithioic acid zinc salt. 10  Examqle 12 - Example 1
0 is repeated with the exception that 12 parts, rather than 3 parts, of the
soy bean oil/Cj,5_js alpha-olefin mixture is reacted with the 0,0-di(alkyl)
phosphorodithioic acid zinc salt. Example 13 15      A reaction mixture of
26.4 parts (0.08 equivalents) of soy bean oil, 1. parts (0.05 equivalents)
of a commercially available mixture of C1,518 alpha-olefins, and 1006 parts
(2.60 equivalents) of O,O-di(alkyl) phosphorodithioic acid containing 80%
2-ethylhexyl and 20% isobutyl groups is heated rapidly to 1200C and
maintained at 120-1250C for one hour. The mixture is cooled to room
temperature. The mixture is added over a 30-minute period to a slurry of
139 parts (3.38 equivalents) of zinc oxide and 121 parts of 20   diluent
oil. The exotherm increases the temperature to 600C. The mixture is heated
to 800C and maintained at that temperature for three hours. The mixture is
stripped to 980C at 2.1 kPa (16 mm. Hg). The mixture is filtered through
diatomaceous earth. The filtrate, which is the product, is a clear yellow
liquid. A 1% solution of this product in mineral oil gives an ASTM D130
copper strip rating of IA after three hours at 1000C. 25 Example 14 A
reaction mixture is prepared by the addition of 117.9 parts (2.9
equivalents) of zinc oxide, 90.7 parts diluent oil and 22.6 parts of a
commercially available mixture of C1S-18 alpha-olefins, 947.5 parts (2.5
equivalents) of O,O-di(alkyl) phosphorodithioic acid containing 80%
isooctyl and 20% isobutyl groups is 30   added to the mixture of a period
over a 45 minute period. The exotherm increases the temperature to 55-60C.
The mixture is heated to 850C and maintained at that temperture for three
hours. The mixture is stripped to 103'C at 1.3 kPa (10 mm.Hg). The mixture
is filtered through diatomaceous earth. The filtrate is the product. A 1%
solution of this product in mineral oil gives an ASTM D130 copper strip
rating of 1A after three hours at 100C. 35 Example 15 -A reaction mixture
is prepared by the addition of 141.5 parts (3A5 equivalents) of zinc oxide,
129.0 parts diluent oil, and 23.1 parts of a commercially available mixture
of C16-1. alpha-olefins. 1015 parts (3.0 equivalents) of O,O-di(alkyl)
phosphorodithioic acid containing 60% 2-ethylhexyl and 40% isobutyl groups
40   are added to the mixture over a one hour period. The exotherm
increases the temperature to 60C. The mixture is heated to 80-850C and held
at that temperature for three hours. The mixture is cooled to 50C. The
mixture is stripped to 100C at 2.4 kPa (18 mm. Hg). The mixture is filtered
through diatomaceous earth. The filtrate is the product. A 1% solution of
this product in mineral oil gives an ASTM D130 copper strip rating of 1A
after three hours at 100C. Example 16 A reaction mixture is prepared by the
addition of 141.5 parts (3A5 equivalents) zinc oxide, 132.6 parts *diluent
oil and 24.4 parts of a commercially available mixture of C15-,1
alpha-olefins. 1097.8 (3.0 equivalents) of O,O-dilalkyl) phosphorodithioic
acid containing 40% 2-ethylhexyl and 60% isobutyl groups 50   are added to
the mixture over a one hour period while heating to 70C. The mixture is
held at 70-75C for three hours. The mixture is cooled. The mixture is
stripped to 1000C at 2 kPa (15 mm. Hg). The mixture is filtered twice
through diatomaceous earth. The filtrate is the product. A 1% solution of
this product in mineral oil gives an ASTM D130 copper strip rating of 1A
after three hours at 100C. 55   Example 17 261 parts (0.98 equivalents) of
O,O-di(alkyl) phosphorodithioic acid containing 50% n-butyl and 50%
isopropyl groups are added to 48 parts (1.17 equivalents) of zinc oxide
over a one-half hour period. The exotherm increases the temperature to 50C.
The mixture is heated to MM and maintained at that temperature for three
hours. The mixture is stripped to 11OtC at 1.3 kPa (10 mm. Hg). 25 parts
(0.78 60   equivalents) of sulfur and 125 parts (0.53 equivalents) of a
commercially available mixture of C1,6_1 alpha- olefins are added to the
mixture. The mixture is heatbd to 120C and maintained at that temperature
for three hours. The mixture is filtered through diatomaceous earth. The
filtrate, which is the product, is a brown liquid. A 1% solution of this
product in mineral oil gives an ASTM D130 copper strip rating of 1A after
three hours at 100C. 65 11    EP  0 151 581  BI Example 18 A reaction
mixture of 263 parts of a neutral zinc salt of O,O-di(4-methyl-2-pentyl)
phosphorodithioic acid, 67 parts (2.1 equivalents) of sulfur, and 196 parts
(1.4 equivalents) of I-decene is heated to 10(rC and 



maintained at that temperature for three hours. The mixture is heated to
1100C and maintained at that 5  temperature for three hours. The mixture is
stripped to 1060C at 2.4 kPa (18 mm.Hg). The mixture is filtered through a
pad of diatomaceous earth. The filtrate, which is the product, is a clear
brown liquid. A 2% solution of this product in mineral oil gives an ASTM
D130 copper strip rating of 1A after three hours at 100IC. 0  Example 19 As
a comparative example, 196 parts (1.4 equivalents) of 1-decene and 67 parts
(2.1 equivalents) of sulfur are heated to 130tC. After maintaining the
temperature of the mixture at 1300C for three hours, the mixture is cooled
and sulfur is precipitated. The color of the liquid is light orange. The
mixture is heated to 1300C and maintained at that temperature for six
hours. The mixture has a darker color. Sulfur precipitates r5  when the
mixture is cooled. The mixture is heated to 1300C and maintained at that
temperature for three hours. The mixture is cooled and 46 parts of sulfur
are collected and washed with solvent. Example 20 A reaction mixture of 376
parts of a neutral zinc salt of O,O-di(alkyl)phosphorodithioic acid
containing 20  40% isopropyl and 60% 4-methyl-2-pentyl groups, 140 parts
1-decene (4.0 equivalents) and 192 par) (6.0 equivalents) sulfur are heated
to 1000C and maintained at that temperature for three hours. Sulfur
precipitates upon cooling. The mixture is maintained at 1000C for three
additional hours. Sulfur precipitates upon cooling. The mixture is heated
to 100lC and maintained at that temperature for 23 hours. A 1.5% soluton of
this mixture in mineral oil gives an ASTM D130 copper strip rating of 1B
after three hours at 25  100C. The mixture is stripped to 110C at 3.3 kPa
(25 mm. Hg). The mixture is then stripped to 86C at 27 Pa (0.2 mm. Hg). The
mixture is filtered through diatomaceous earth. The filtrate, which is the
product, is a :       clear brown liquid. Example 21 30      A reaction
mixture is prepared by the addition of 296 parts of a neutral zinc salt of
0,0- di(alkyl)phosphorodithioic acid containing 40% isopropyl and 60%
4-methyl-2-pentyl groups, 210 parts 1- decene (1.5 equivalents) and 86
parts (2.7 equivalents) of sulfur. The mixture is heated to 1100C and
maintained at that temperature for six hours. The mixture is stripped to 1
lOC at 2.9 kPa (22 mm.Hg). The mixture is filtered through a pad of
diatomaceous earth. The filtrate which is the product is a clear brown .j35
liquid. A 2% solution of this product in mineral oil gives an ASTM D130
copper strip rating of 1A after three IY Ws  hours at 100C. Example 22. A
reaction mixture is prepared by the, addition of 263 parts of a neutral
zinc salt of 0,0- :40. di(alkyl~phosphorodithioic acid containing 40%
isopropyl and 60% 4-methyl-2-pentyl groups, 196 parts (1.4 equivalents) of
1-decene, and 67 parts (2.1 equivalents) of sulfur. The mixture is heated
to 900C and maintained at that temperature for three hours. Sulfur
precipitates from the mixture. The mixture is heated to lOO1   and
maintained at that temperature for three hours. The mixture is stripped to
1000C at 1.7 kPa (13 mm. Hg). The mixture is filtered through diatomaceous
earth. The filtrate, which is the product, is a clear 45  brown liquid. A
2% solution of this product in mineral oil gives an ASTM D130 copper strip
rating of IA after three hours at 100C. Example 23 A       reaction mixture
is prepared by the addition of 286 parts (0.78 equivalents) of a neutral
zinc salt of 50  O,O-di(4-methyl-2-pentyl)phosphorodithioic acid, 252 parts
(0.78 equivalents) of a neutral zinc salt of 0,0-
di(alklV)phosphorodithioic acid containing 40% isopropyl and 60%
4-methyl-2-pentyl groups, 490 parts (3.5 equivalents) of 1-decene, and 168
parts (5.25 equivalents) of sulfur. The mixture is heated to 110hC and
maintained at that temperature for six hours. The mixture is stripped to
108C at 2.7 kPa (20 mm. Hg). The mixture is filtered through a pad of
diatomaceous earth.-The filtrate, which is the product, is a clear red 55
liquid. A 2% solution of this product in mineral oil gives an ASTM D130
copper strip rating of IA after three hours at lODC. Example 24 Part A:
1000 parts by weight of a neutral zinc salt of
0,0-di(4-methyl-2-pentyl)phosphorodithioic acid is 60  reacted with 34
parts by weight of propylene oxide at 80-85PC. The mixture is blown with
nitrogen at 850C and 13 kPa (100 mm. Hg). The mixture is filtered. The
filtrate is the product. Part B: A reaction mixture is prepared by the
addition of 263 parts of the product of Part A, 196 parts (1.A equivalents)
of 1-decene, and 67 parts (2.1 equivalents) of sulfur. The mixture is
heated to 1100C and maintained at that temperature for six hours. The
mixture is stripped to 110C at 2.8 kPa (21 mm. Hg). The 65  mixture is then
filtered through a pad of diatomaceous earth. The filtrate, which is the
product, is a clear 12    i:: EP 0151 581 B1 brown liquid. A 2% solution of
this product in mineral oil gives an ASTM D130 copper strip rating of 1A 



after three hours at 1000C. Example 25 5      A reaction mixture is
prepared by the addition of 168 parts of a neutral zinc salt of 0,0-
di(alkyl)phosphorodithioic acid containing 40% isopropyl and 60%
4-methyl-2-pentyl groups, 200 parts soy bean oil, 91 parts of a
commercially available mixture of C15-1s alpha-olefins, 11 parts of Sylfat
96 (a commercially available tall oil acid available from Sylvia Chemical)
and 34 parts sulfur. The mixture is heated to 1100C and maintained at that
temperature for three hours. The mixture is filtered through a pad of 10
diatomaceous earth. The filtrate, which is the product, is a clear
amber-red liquid. A 1.5% solution of this product in mineral oil gives an
ASTM D130 rating of 1A after three hours at 1000C. Example 26 A reaction is
prepared by the addition of 168 parts of a neutral zinc salt
O,0-di(4-methyl-2- 15 pentyl)phosphorodithioic acid, 200 parts soy bean
oil, 91 parts of a commercially available mixture of C15-18 alpha-olefins,
11 parts Sylfat 96, and 34 parts sulfur. The mixture is heated to 120C and
maintained at that temperature for three hours. The mixture is filtered
through diatomaceous earth. The filtrate, which is the product, is a clear
brown liquid. A 1.5% solution of this product in mineral oil gives an ASTM
D130 rating of IA after three hours at 1000C. 20 Example 27 A reaction
mixture is prepared by the addition of 321 parts of a neutral zinc salt of
0,0- di(alkyl)phosphorodithioic acid containing 65% isobutyl and 35%
primary amyl groups, 19 parts zinc oxide, 400 parts soy bean oil, 184 parts
of a commercially available mixture of C15-1. alpha-olefins, and 58 parts
>s    25  sulfur. The mixture is heated to 1300C. The exotherm increases
the temperature to 1350C. The mixture is cooled to 130C and maintained at
that temperature for three hours. The mixture is filtered through a pad of
diatomaceous earth. The filtrate, which is the product, is a clear brown
liquid. A 1.5% solution of this product in mineral oil gives an ASTM D130
rating of 1A after three hours at 100C. 30 Example 28 A reaction mixture is
prepared by the addition of 315 parts of a neutral zinc salt O,O-di(2-
ethylhexyl)phosphorodithioic acid, 200 parts soy bean oil, 86 parts of a
commercially available mixture of C15..,8 alpha-olefins, and 29 parts
sulfur. The mixture is heated to 1300C and maintained at that temperature
for three hours. The mixture is filtered through pads of diatomaceous
earth. The filtrate, which is the 35 product, is a clear brown liquid. A 2%
solution of this product in mineral oil has an ASTM D130 copper strip
rating of IA after three hours at 100C. Example 29 A reaction mixture is
prepared by the addition of 263 parts of a neutral zinc salt of 0,0-di-(2-
40 ethylhexyl)phosphorodithioic acid, 10 parts zinc oxide, and 196 parts of
l-decene. The mixture is heated to 1300C. 67 parts of sulfur is added to
the mixture. The mixture is-maintained at 1300C for six hours. The mixture
is filtered through a pad of diatomaceous earth. The filtrate, which is the
product, is a clear brown- red liquid. A 2% solution of this product has an
ASTM D130 copper strip rating of IA after three hours- at 100C. 45 Example
30 A reaction mixture is prepared by the addition of 608 parts of a nuetral
zinc salt of O,0-di-(isooctyl) phosphorodithioic acid, 224 parts (2.0
equivalents) of l-octene, and 80 parts (2.5 equivalents) of sulfur. The
reaction mixture is heated at 10C and maintained at a temperature for three
hours with nitrogen blowing 50  at a rate of 1.4x10'2m' (0.5 cubicfeet) per
hour. The mixture is stripped at 110C at 1.3 kPa (10 mm. Hg). The mixture
is filtered through a diatomaceous earth. The filtrate, which is the
product, is a brown-reddish liquid. A 2% solution of this product has an
ASTM D130 copper strip rating of lA afterthree hours at llOtC. Example 31
58     A reaction mixture is prepared by the addition of 495 parts (0.910
equivalents) of a neutral zinc salt of
O,0-di-(2-ethylhexyl)phosphorodithioic acid, and three parts (0.0216
equivalents) of l-decene. The mixture is heated to 120tC and maintained at
that temperature for four hours. The mixture is filtered. The filtrate,
which is the product, is a golden transparent liquuid. A 2% solution of
this product in mineral oil has an ASTM D130 copper strip rating of IA
after three hours at lOOC. 60 Example 32 A reaction mixture is prepared by
the addition of 495 parts of a neutral zinc salt of 0,0-di-(2-
ethylhexyl)phosphorodithioic acid, and five parts of a commercially
available mixture of C15_,s alpha- olefins. The mixture is heated to 120C
and maintained at that temperature for two hours. The mixture is 65 13    



Mae;:~$ i:        .:                           -i EP 0151 581 B13 filtered
through filter paper. The filtrate is the product. A 1% solution of this
product in mineral oil has an ASTM D130 copper strip rating of IA after
three hours at 1000C. Example 33 A reaction mixture is prepared by the
addition of 480 parts of a neutral zinc salt of 0,O-di-(2.
ethylhexyl)phosphorodithioic acid, and 20 parts of a commercially available
mixture of C16-l6 alpha-olefins. The mixture is heated to 1000C and
maintained at that temperature for five hours. The mixture is filtered
through filter paper. The filtrate is the product. A 1 % solution of this
product in mineral oil has an ASTM D130 copper strip rating of 2A after
three hours at 100*C. to Example 34 A reaction mixture is prepared by the
addition of 500 parts of a neutral zinc salt of 0,0-di-
(alkyl)phosphorodithioic acid containing 40% isopropyl and 60%
4-methyl-2-pentyl groups, 150 parts (4.69 equivalents) of sulfur and 350
parts (3.12 equivalents) of 1-octene. The mixture is heated to 110rC and
maintained at that Temperature for three hours with nitrogen blowing at  Ax
102m3 (o.5 cubic feet) per hour. The mixture is vacuum stripped to 110hC at
0.66 kPa (5 mm. Hg). Diatomaceous earth is stirred into the mixture and the
mixture is vacuum filtered through cloth with diatomaceous earth on the
cloth. The filtrate, which is the product, is a clear amber-brown liquid.
20  Example 35 A reaction mixture is prepared by the addition of 250 parts
of a neutral zinc salt of 0,0- di(alkyl)phosphorodithioic acid containing
40% isopropyl and 60% 4-methyl-2-pentyl groups, 75 parts (2.34 equivalents)
of sulfur and 175 parts (1.56 equivalents) of 2-octene. The mixture is
heated to 110C and maintained at that temperature for six hours. The
mixture is stripped to 1 100C at 3.3 kPa (25 mm. Hg). Ten 25  parts
diatomaceous earth are stirred into the mixture which is cooled and
filtered through a cloth pad with diatomaceous earth on the pad. The
filtrate, which is the product, is a clear amber-brown liquid. A 2% .
solution'of this product in mineral oil has an ASTM D130 copper strip
rating of IA after three hours at 100IC. *a: E  '  Example 36 -    ' 30  A
reaction mixture is prepared by the addition of 500 parts of a neutral zinc
salt of 0,0- di(alkyl)phosphorodithioic acid containing 40% isopropyl and
60% 4-methyl-2-pentyl groups, 342 parts (3.29 equivalents) of styrene, and
158 parts (4.94 equivalents) of sulfur. The mixture is heated to 110C and
;'-  ''-n maintained at thattemperature for six hours. The mixture is
stripped to hlt at 2.9 kPa (22 mm. Hg). Ten grams of diatomaceous earth-are
stirred into the mixture and the mixture is vacuum filtered through a cloth
pad having diatomaceous earth on the pad. The filtrate, which is the
product, is an opaque, tan, gel-like material. A 1 % solution of this
product in mineral oil has an ASTM D130 copper strip rating of IA after
three hours at 100C. mQ  l-'s'    Example 37 A slurry is prepared by the
addition of 117.2 parts (2.86 equivalents) of zinc oxide and 94.7 parts
diluent oil. With medium  stirring at a temperature of 22*C, 818 parts (2
equivalents) of 0,0-di-(2- ''ethylhexyl)phosphorodithioic acid, and 12
parts (0.2 equivalents) of acetic acid are added to the slurry over a
ten-rinute period. The exotherm increases the temperature of the resulting
mixture to 61BC. The mixture *o>'' '     is heated to 800C and maintained
at that temperature for three hours. Sixteen parts of 50% sodium <
hydroxide is added to the mixture. The mixture is stripped to 100C at 1.5
kPa (11 mm. Hg). 22.9 parts (0.1 equivalents) of a commercially available
Cj5._1 alpha-olefin mixture is added to the mixture. The mixture is heated
to 120tC and maintained at that temperature for three hours. The mixture is
filtered through diatomaceous earth. The filtrate is the product. A 1%
solution of this product in mineral oil has an ASTM :i  D130 copper strip
rating of Al after three hours at 1OOtC. 50 ": '''I     <Exarnple it A
slurry is prepared by the addition of 133.2 parts (3.25 equivalents) of
zinc oxide and 98 parts diluent oil. At a temperature of 22C, 818 parts (2
equivalents) of 0,0-di-(2-ethylhexyl)phosphorodithioic acid, and 30 parts
(0.5 equivalents) of acetic acid are added to the slurry. The exotherm of
the resulting mixture increases the temperature to 60SC. The mixture is
heated to SOC and maintained at that temperature for -' three hours. While
the mixture is cooling, 40 parts of a 50% sodium hydroxide solution is
added to the :mixture. The mixture is cooled to 50C with stirring. The
mixture is stripped to 100C at 1.5 kPa (11 mm. Hg). 22.9 parts (0.1
equivalents) of C1. alpha-olefin is added to the mixture. The mixture is
heated to 1200C and maintained at that temperature for three hours. The
mixture is filtered through diatomaceous earth. The filtrate Is the
product. A 1% solution of the product in mineral oil has an ASTM D130
copper strip rating of IA after three hours at 10C. Example 39 A slurry is
prepared by the addition of 175.89 parts (4.29 equivalents) of zinc oxide
and 145.9 parts of 65 diluent oil. To this slurry is added 1245.8 parts (3
equivalents) of 0,0-di-(isooctyl)phosphorodithioic acid, 14 



EP 0151 581 B1 in                    and 43.26 parts (0.3 equivalents) of
2-ethylhexanoic acid with stirring at room temperature. The temperature of
the mixture is increased to 800C and maintained at that level for three
hours. The mixture is stripped to 1100C at 2.4 kPa (18 mm. Hg). The mixture
is cooled to room temperature. 35A parts (0.15 equivalents) of a
commercially available mixture of Ci5.,11 alpha-olefins is added to the
mixture. The 2-                 5  temperature of the mixture is increased
to 1300C and maintained at that level for three hours. The mixture is S.
filtered through diatomaceous earth. The filtrate, which is the product, is
a clear golden liquid. A 1% d                     solution of this product
in mineral oil has an ASTM D130 copper strip rating of lA afterthree hours
at 1 000C. VI1                       The compositions of the present
invention can be admixed, for example, with a diluent to form a concentrate
as discussed below, or with a lubricant or functional fluid, as discussed
below. 10     As previously indicated, the composition of the present
invention are useful as additives for lubricants and functional fluids.
They can be employed in a variety of lubricants based on diverse oils of
lubricating viscosity, including natural and synthetic lubricating oils and
mixtures thereof. The lubricants include 9                     crankcase
lubricating oils for spark-ignited and compression-ignited internal
combustion engines, including automobile and truck engines, two-cycle
engines, aviation piston engines, marine and railroad r                 15
diesel engines, and the like. Also contemplated are lubricants for gas
engines, stationary power engines and turbines and the like. Transaxle
lubricants, gear lubricants, metal-working lubricants and other lubricating
oil and grease compositions, as well as functional fluids such as hydraulic
fluids and automatic -           transmission fluids, benefit from the
incorporation therein of the compositions of the present invention. Natural
oils include animal oils and vegetable oils (e.g., castor oil, lard oil) as
well as liquid petroleum 20 oils and solvent-treated or acid-treated
mineral lubricating oils of the paraffinic, napthenic or mixed
paraffinic-napthenic types. Oils of lubricating viscosity derived from coal
or shale oil can also be included as the base oil. Synthetic lubricating
oils include hydrocarbon oils and halosubstituted hydrocarbon oils such as
polymerized and interpolymerized olefins (e.g., polybutylenes,
polypropylenes, propylene- isobutylene copolymers, chlorinated
polybutylenes, etc.); poly(1-hexenes), poly~l-octenes), poly(1- 25
decenes), etc. and mixtures thereof; alkylbenzenes (e.g., dodecylbenzenes,
tetradecylbenzenes, dinonylbenzenes, di(2-ethylhexyl)benzenes, etc.);
polyphenyls (e.g., biphenyls, terphenyls, alkylated polyphenyls, etc.);
alkylated diphenyl ethers and alkylated diphenyl sulfides and the
derivatives, analogs and homologs thereof and the like. *            -
Alkylene oxide polymers and interpolymers and derivatives thereof where the
terminal hydroxyl 30 groups have been modified by esterification,
etherification, etc. constitute another class of known synthetic oils.
These are exemplified by the oils prepared through polymerization of
ethylene oxide or propylene oxide, the alkyl and aryl ethers of -these
polyoxyalkylene polymers (e.g. methylpolyisopropylene glycol ether having
an average molecular weight of 1000, diihen yl ether of polyethylene glycol
having a molecular weight of 500-1000, diethyl ether of polypropylene
glycol having a molecular weight of 35  1000-1500, etc.) or mono- and
polycarboxylic esters thereof, for example, the acetic acid esters, mixed
C3-C8 fatty acid esters, or the C13 Oxo.acid diester of tetraethylene
glycol. Another suitable class of synthetic lubricating oils comprises the
esters of dicarboxylic acids (e.g., phthalic acid, succinic acid, alkyl
succihic acids and alkenyl succinic acids, maleic acid, azelaic acid,
suberic acid, sebacic acid, fumaric acid, adipicacid, linoleic acid dimer,
malonic acid, alkyl malonic acids, alkenyl 40  malonic acids, etc.) with a
variety of alcohols (e.g., butyl alcohol, hexyl alcohol, dodecyl alcohol,
2- ethylhexyl alcohol, ethylene glycol, diethylene glycol monoether,
propylene glycol, etc.). Specific examples of these esters include dibutyl
adipate, di(2-ethylhexyl) sebacate, d-n-hexyl fumarate, dioctyl sebacate,
diisooctyl azelate, diisodecyl azelate, dioctyl phthalate, didecyl
phthalate, dieicosyl sebacate, the 2- ethylhexyl diester of linoleic acid
dimer, the complex ester formed by reacting one mole of sebacic acid 45
with two moles of tetraethylene glyvol and two moles of 2-ethylhexanoic
acid, and the like. Esters useful as synthetic oils also include those made
from C1 to C12 monocarboxylic acids and polyols and polyol esters such as
neopentyl glycol, trimethylolpropane, pentaerythritol, dipentaerythritol, -
-          tripentaerythritol, etc. Silicon-based oils such as the
polyalkyl-, polyaryl-, polyalkoxy-, or polyaryloxy-silane oils and silicate
:        50 oils comprise another class of synthetic oils (e.g., tetraethyl
silicate, tetraisopropyl silicate, tetra-(2- ethylhexyl) silicate,
tetra-(4-methyl-2-ethylhexyl) silicate, tetra-(p-tert-butylphenyl)
silicate, hexa-(4-methyl- 2-pentoxy)-disi!Oxane, poly(methyl) siloxanes,
polyimethylphenyl)siloxanes, etc.). Other synthetic oils include liquid
-esters of phosphorus-containing acids (e.g., tricresyl phosphate, trioctyl
phosphate, diethyl ester of decylphosphonic acid, etc.), polymeric
tetrahydrofurans and the like. 55     Unrefined, refined and rerefined-oils
(and mixtures of each with each other) of the type disclosed hereinabove
can be used in the lubricants and functional fluids of the present
invention. Unrefined oils are those obtained directly from a natural or
synthetic source without further purification treatment. For example, a
shale oil obtained directly from retorting operations, a petroleum oil
obtained directly from distillation or ester oil obtained directly from an
esterification process and used without further treatment 



60 would be an unrefined oil. Refined oils are similar to the unrefined
oils except they have been further treated in one or more purification
steps to improve one or more properties. Many such purification techniques
are known to those of skill in the art such as solvent extraction, acid or
base extraction, filtration, percolation, etc. Rerefined oils are obtained
by processes similar to those used to obtain refined oils applied to
refined oils which have been already used in service. Such rerefined oils
are also known as 65 15 *4    EP 0151 581  BI reclaimed or reprocessed oils
and often are additonally processed by techniques directed to removal of *'
spent additives and oil breakdown products. Generally, the lubricants and
functional fluids of the present invention contain an amount of the
compositions of this invention sufficient to provide it with antioxidant
and/or anti-wear properties. 5  Normally this amount will be about 0.25% to
about 10%, preferably about 0.4% to about 7.5%, of the total  5 weight of
the fluid. The invention also contemplates the use of other additives in
combination with the compositions of this invention. Such additives
include, for example, detergents and dispersants of the ash-producing or
ashless type, corrosion- and auxiliary oxidation-inhibiting agents, pour
point depressing agents, auxiliary to extreme pressure agents, color
stabilizers and anti-foam agents. The ash-producing detergents are
exemplified by oil-soluble neutral and basic salts of alkali or alkaline
earth metals with sulfonic acids, carboxylic acids, or organic phosphorus
acids characterized by at least one direct carbon-to-phosphorus linkage
such as those prepared by the treatment of an olefin polymer (e.g.,
polyisobutene having a molecular weight of 1000) with a phosphorizing agent
such as phosphorus 15 trichloride, phosphorus heptasulfide, phosphorus,
pentasulfide, phosphorus trichloride and sulfur, white  a phosphorus and a
sulfur halide, or phosphorothioic chloride. The most commonly used salts of
such acids ar those of sodium potassium, lithium, calcium, magnesium,
strontium and barium. The term "basic salt" is used to designate metal
salts wherein the metal is present in stoichiometrically larger amounts
than the organic acid radical. The commonly employed methods for preparing
the basic 20  salts involve heating a mineral oil solution of an acid with
a stoichiometric excess of a metal neutralizing  2A agent such as the metal
oxide, hydroxide, carbonate, bicarbonate, or sulfide at a temperature above
500C and filtering the resulting mass. The use of a "promoter" in the
neutralization step to aid the incorporation of a large excess of metal
likewise is known. Examples of compounds useful as the promoter include
phenolc substances such as phenol, naphthol, alkylphenol, thiophenol,
sulfurized alkylphenol, and As~J5  condensation products of formaldehyde
with a phenolic substance; alcohols such as methanol, 2-         2f
propanol, octyl alcohol, cellosolve, carbitol, ethylene glycol, stearyl
alcohol, and cyclohexyl alcohol; and amines such as aniline,
phenylenediantrne, phenothiazine, phenyl-beta-naphthylamine, and
dodecylamine. A particularly effective method for preparing the basic salts
comprises mixing an acid with an excess of a basic alkaline earth metal
neutralizing agent and at least one alcohol promoter, and carbonating the o
mfixture at an elevated temperature such as 60-2000C. Ashless detergents
and dispersants are so called despite the fact that, depending on its
constitution, the dispersant may upon combustion yield a non-volatile
material such as boric oxide or phosphorus pentoxide; however, it does not
ordinarily contain metal and therefore does not yield a metal-containing
ash on combustion. Many types are known in the art, and any of them are
suitable for use in the lubricants 35  of this invention. The following are
illustrative:                                                      3: E
(1) Reaction products of carboxylic acids (or derivatives thereof)
containing at least about 34 and preferably at least about 54 carbon atoms
with nitrogen-containing compounds such as amine, organic hydroxy compounds
such as phenols and alcohols, and/or basic inorganic materials. Examples of
these "carboxylic dispersants" are described in British Patent 1,306,529
and in many U.S. patents including the .40  following:
4 3,163,603            3,351,52             3,541,012 i3,184,474
3,381,022            3,542,678 .... . ..... .     3,315,707
3,399,141            3,542,680 45                  3,219,666
3,415,750             3,567,637                                    4
3,271,310          .3,433,744             3,574,101 * 3,272,746
3,444,170            3,576,743 3,281,357            3,448,048
3,630,904 3,306,908            3,448,049            3,632,510 -  50
3,311,558            3,451,933            3,632,511 3,316,177
3,454,607            3,697,428 3,340,281            3,467,668
3,725,441 



3,341,542            3,501,405            Re 26,433 3,346.493
3,522,179 555 (2) Reaction products of relatively high molecular weight
aliphatic or alicyclic halides with amines, preferably polyalkylene
polyamines. These may be characterized as "amine dispersants" and examples
thereof are described for example, the following U.S. Patents: 60 3,275,554
-     3,454,555 3,438,757            3,565,804 (3) Reaction products of
alkyl phenols in which the alkyl group contains at least about 30 carbon
atoms 65  with aldehydes (especially formaldehyde) and amines (especially
polyalkylene polyamines), which may be 16    EP 0 151 581 B1 characterized
as "Mannich dispersants". The materials described in the following U.S.
Patents are illustrative: 3,413,347            3,725,480 5
3,697,574            3,726,882 3,725,277 (4) Products obtained by
post-treating the carboxylic, amine or Mannich dispersants with such
reagents as urea, thiourea, carbon disulfide, aldehydes, ketones, carboxyic
acids, hydrocarbon-substituted 1o succinic anhydrides, nitrites, epoxides,
boron compounds, phosphorus compounds or the like. Exemplary materials of
this kind are described in the following U.S. Patents: 3,036,003
3,282,955         3,493,520           3,639,242 3,087,936
3,312,619         3,502,677           3,649,229 15           3,200,107
3,366,569          3,513,093          3,649,659 3,216,936         3,367,943
3,533,945          3,658,836 3,254,025          3,373,111         3,539,633
3,697,574 3,256,185          3,403,102          3,573,010
3,702,757 3,278,550          3,442,808          3,579,450
3,703,536 20           3,280,234         -3,455,831          3,591,598
3,704,308 3,281,428          3,455,832          3,600,372
3,708,522 (5) Interpolymers of oil-solubilizing monomers such as decyl
methacrylate, vinyl decyl ether and high molecular weight olefins with
monomers containing polar substituents, e.g., aminoalkyl acrylates or 25
acrylamides and poly-(oxethylene)-substituted acrylates. These may be
characterized as "polymeric dispersants" and examples thereof are disclosed
in the following U.S. patents: 3,329,658            3,666,730 3,449,250
3,687,849 30                               3,519,565            3,702,300
The above-noted patents are incorporated by reference herein for their
disclosures of ashless dispersants. Auxiliary extreme pressure agents and
corrosion- and auxiliary oxidation-inhibiting agents are exemplified by
chlorinated aliphatic hydrocarbons such as chlorinated wax; organic
sulfides and 35  polysulfides such as benzyl disulfide,
bis(chlorobenzyl)disulfide, dibutyl tetrasulfide, sulfurized methyl ester
of oleic acid, sulfurized alkylphenol, sulfurized dipentene, and sulfurized
terpene; phosphosulfurized hydrocarbons such as the reaction product of a
phosphorus sulfide with turpentine or methyl oleate; phosphorus esters
including principally dihydrocarbon and trihydrocarbon phosphates such as
dibutyl phosphite, diheptyl phosphite, dicyclohexyl phosphite, pentylphenyl
phosphite, dipentylphenyl phosphite, 40  tridecyl phosphite, distearyl
phosphate, dimethyl naphthyl phosphite, oleyl 4-pentylphenyl phosphite,
poly- propylene (molecular weight 500)-substituted phenyl phosphite,
diisobutyl-substituted phenyl phosphite; and metal thiocarbamates, such as
zinc dioctyidithiocarbamate and barium heptylphenyl dithiocarbamate. The
compositions of this invention can be added directly to the lubricant or
functional fluid. Often, however, they can be diluted with a substantially
inert, normally liquid organic diluent such as mineral oil, 45  naphtha,
benzene, toluene or xylene, to form an additive concentrate. These
concentrates usually contain from about 20% to about 90% by weight of the
composition of this invention and may contain, in addition, one or more
other additives known in the art or described hereinabove. While the
invention has been explained in relation to its preferred embodiments, it
is to be understood that various modifications thereof will become apparent
to those skilled in the art upon reading the 50  specification. Therefore,
it is to be understood that the invention disclosed herein is intended to
cover such modifications as fall within the scope of the appended claims.
Claims 55      1. A composition comprising the reaction product of: 



(A) a metal salt of (A)(l) at least one acid of the formula R'(X')" X \11
60                                               P-XH / wherein each X and
X' is independently oxygen or sulfur, each n is zero or one, and each R' is
65 independently the same or different hydrocarbon based group, and
optionally (A(ll) at least one carboxylic 17    characterized as "Mannich
dispersants". The materials described in the following U.S. Patents are
illustrative: 3,413,347            3,725,480 5
3,697,574             3,726,882 3,725,277 (4) Products obtained by
post-treating the carboxylic, amine or Mannich dispersants with such
reagents as urea, thiourea, carbon disulfide, aldehydes, ketones, carboxyic
acids, hydrocarbon-substituted 10 succinic anhydrides, nitrites, epoxides,
boron compounds, phosphorus compounds or the like. Exemplary materials of
this kind are described in the following U.S. Patents: 3,036,003
3,282,955          3,493,520          3,639,242 3,087,936
3,312,619          3,502,677          3,649,229 '5           3,200,107
3,366,569          3,513,093          3,649,659 3,216,936
3,367,943          3,533,945          3,658,836 3,254,025
3,373,111          3,539,633          3,697,574 3,256,185
3,403,102          3,573,010          3,702,757 3,278,550
3,442,808          3,579,450          3,703,536 20           3,280,234
3,455,831          3,591,598          3,704,308 3,281,428
3,455,832          3,600,372          3,708,522 (5) Interpolymers of
oil-solubilizing monomers such as decyl methacrylate, vinyl decyl ether and
high molecular weight olefins with monomers containing polar substituents,
e.g., aminoalkyl acrylates or 25 acrylamides and
poly-(oxethylene)-substituted acrylates. These may be characterized as
"polymeric dispersants" and examples thereof are disclosed in the following
U.S. patents: 3,329,658            3,666,730 3,449,250            3,687,849
30                               3,519,565            3,702,300 The
above-noted patents are incorporated by reference herein for their
disclosures of ashless dispersants. Auxiliary extreme pressure agents and
corrosion- and auxiliary oxidation-inhibiting agents are exemplified by
chlorinated aliphatic hydrocarbons such as chlorinated wax; organic
sulfides and 35  polysulfides such as benzyl disulfide,
bis(chlorobenzyl)disulfide, dibutyl tetrasulfide, sulfurized methyl ester
of oleic acid, sulfurized alkylphenol, suffurized dipentene, and sulfurized
terpene; phosphosulfurized hydrocarbons such as the reaction product of a
phosphorus sulfide with turpentine or methyl oleate; phosphorus esters
including principally. dihydrocarbon and trihydrocarbon phosphites such as
dibutyl phosphite, diheptyl phosphite, dicycl6hexyl phosphite, pentylphenyl
phosphite, dipentylphenyl phosphite, 40  tridecyl phosphite, distearyl
phosphite,'dimethyl naphthyl phosphite, oleyl 4-pentylphenyl phosphite,
poly- propylene (molecular weight 500)-substituted phenyl phosphite,
diisobutyl-substituted phenyl phosphite; and metal thiocarbamates, such as
zinc dioctyldithiocarbamate and barium heptylphenyl dithiocarbamate. The
compositions of this invention can be added directly to the lubricant or
functional fluid. Often, however, they can be diluted with a substantially
inert, normally liquid organic diluent such as mineral oil, 45  naphtha,
benzene, toluene or-xylene, to form an additive concentrate. These
concentrates usually contain from about 20% to about 90% by weight of the
composition of this invention and may contain, in addition, one or more
other additives known in the art or described hereinabove. While the
invention has been explained in relation to its preferred embodiments, it
is to be understood that various modifications thereof will become apparent
to those skilled in the art upon reading the 50  specification. Therefore,
it is to be understood that the invention disclosed herein is intended to
cover such modifications as fall within the scope of the appended claims.
Claims 55      1. A composition comprising the reaction product of: (A) a
metal salt of (A)(l) at least one acid of the formula R1(X1), X \tI 60
P-XH *   ~       ~~ R1(X1)n 



wherein each X and Xi is independently oxygen or sulfur, each n is zero or
one, and each R1 is 65 independently the same or different hydrocarbon
based group, and optionally (A)(ll) at least one carboxylic 17 l
11111111111111111    EP 0151 581 B1 :: ,-? acid of about 2 to about 40
carbon atoms, the ratio of equivalents of (A)(l) to equivalents of
(A)(11),, when (A)(1l) is present, being in the range of 0.5:1 to 500:1.
(B) an olefinically unsaturated compound containing 8 to 36 carbon atoms
and (C) active sulfur, component (A) being present in an effective amount
to promote the reaction between 5  comonents (B) and (C) and/or between
components (A), (B) and (C) sufficiently to consume substantially all  5 of
component (C) at a reaction temperature below about 140TC; wherein the
metal for component (A) is at least one of Group I metals, Group II metals,
aluminum, tin, cobalt, lead, zinc, manganese, nickel or a mixture thereof.
2. A composition of Claim 1 wherein component (A)ll) has the formula 10
R1-O S \lI P-SH / 15                                      R1-O wherein each
RI is as defined in Claim 1. 3. A composition of Claim 1 wherein component
(A) is a zinc salt of a di-(alkyl)phosphorodithioic acid wherein each alkyl
has independently from 4 to 8 carbons. 20     4. A composition of any one
of the preceding Claims wherein component (A)(ll) has the formula R3COOH,
wherein R3 is an aliphatic or alicyclic hydrocarbon-based group. 5. A
composition of any one of the preceding Claims wherein component (A) has
from about 80% to about 200% of the metal present in a corresponding
neutral salt. 6. A composition of any one of the preceding Claims wherein
component (B) has the formula * 4R5'C=CRGR 4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
wherein each R', R", R' and R' is independently hydrogen or an organic
group. 7. A composition of any one of Claims 1 to 5 wherein component (B)
is at least one monoolefinic or ' 30  diolefinic compound; at lesat one
fatty acid ester or amide derived from one or more unsaturated carboxylic
acids; or mixtures thereof. 8. A composition of any one of Claims I to 5
wherein component (B) is at least one fatty oil derived from one or more
unsaturated carboxylic acids. 9. A composition of any one of Claims 1 to 5
wherein component (B)is an oleamide, lard oil, peanut oil, cottonseed oil,
soybean oil, corn oil, palm oil, sunflower oil or a mixture thereof. 10. A
compositiori of any one of Claims 1 to 5 wherein component (B) is one or
more mono-l-olefins oi *     8 to 36 carbons. 11. A composition of any one
of Claims I to 5 wherein component (B) is selected from the group
consisting of one or more of the following alphh-olefin fractions: C1,...1
alpha-olefins; C12.16 alpha-olefins; . - ;40   C4-16 alpha-olefins; C14-1
alpha-olefins; C1*-1. alpha-olefins; C,0_20 alpha-olefins; C22-28
alpha-olefins; .'^- and Cso+ alpha-olefins. 12. A composition of any one of
the preceding Claims wherein the ratio of equivalents of component (A) to
equivalents of component (B) is in the range of 1000:1 to 1:5. 13. A
composition of any one of the preceding Claims wherein component (C) is
elemental sulfur. 14. A composition of any one of the preceding Claims
wherein component (C) has the formula R9-S--R' wherein R9 and R' are
independently hydrogen or organic groups and x is a number greater than 2.
-  15. An additive concentrate comprising a substantially inert, normally
liquid organic diluent and the lubrcan orfuncionl fuidcompisig amajramut
ofmll oiqand orani m inomuent ofd the composition of any one of Claims
1-14. - h - 60  '16. A lubricant or functional fluid comprising a major
amount of oil and a minor amount of the composition of any one of Claims
1-14. 17. A process comprising reacting active sulfur with an olefinically
unsaturated compound containing 8 to 36 carbon atoms at a temperature below
about 140C, in the presence of (A) a metal salt of (A)(l) at least one acid
of the formula | 55                   "                R(X)n X P-XH 



/ R1(X1). wherein each X and X' is independently oxygen or sulfur, each n
is zero or one, and each R' is; independently the same or different
hydrocarbon based group, and optionally (A)(ll) at lesat one carboxylic
acid of about 2 to about 40 carbon atoms, the ratio of equivalents of
(A)(l) to equivalents of (A)(ll), when (A)(11), is present, being in the
range of about 0.5:1 to about 1:0, component (A) being present in an
effective 65 amount to promote the consumption of substantially all of said
active sulfur. 18    EP 0 151 581 B1 18. The process of Claim 7 wherein
said temperature is in the range of 80C to 130C. Patentanspruche 5     1.
Zusammensetzung, umfassend das Reaktionsprodukt von: (A) einem Metallsalz
aus (A)(I) mindestens einer Saure der Formel RI(X1)n X \11 10
P-XH R"(Xl)n in der X und XI unabhingig voneinander Sauerstoff- oder
Schwefelatome bedeuten, jedes n Null oder 1 ist 15 und die Reste RI
unabhfngig voneinander gleiche oder verschiedene Rest auf
Kohlenwasserstoffbasis darstellen, und gegebenenfalls (A)(ll) mindestens
einer Carbonsaure mit etwa 2 bis etwa 40 Kohlenstoffatomen, wobei das
Verhaitnis der Aquivalente von (A)(l) zu den Aquivalenten von (A)(I1), wenn
(A)(II) vorhanden ist, im Bereich von 0,5:1 bis 500:1 liegt; (B) einer
olefinisch ungesAttigten Verbindung mit 8 bis 36 Kohlenstoffatomen und 20
(C) aktivem Schwefel, wobei die Komponente (A) in einer wirksamen Menge zur
ausreichenden Forderung der Umsetzung zwischen den Komponenten (B) und (C)
und/oder zwischen den Komponenten (A), (B) und (C), um im wesentlichen die
gesamte Komponente (C) bei einer Reaktionstemperatur unter etwa 140C zu
verbrauchen; 25    und wobei das Metall der Komponente (A) mindestens ein
Metall der Gruppe 1, ein Metall der Gruppe 11, Aluminium, Zinn, Kobalt,
Blei, Zink, Mangan, Nickel oder ein Gemisch davon ist. 2. Zusammensetzung
nich Anspruch 1, wobei die Komponente (A)(l) die Formel R'-O S 30
\II P-SH / 35 aufwiist, in der jeder Rest RI wie in Anspruch 1 definiert
ist. 3. Zusammensetzung nach Anspruch 1, in der die Komponente (A) sin
Zinksalz einer Di(alkVl)phosphorodithiosiure ist, in der jeder Alkylrest
unabhingig 4 bis 8 Kohlenstoffatome aufweist. 4. Zusammensetzung nach einem
der vorangehenden AnsprOche, in der die Komponente (A)(1l) die Formel
R3COOH aufweist, wobei RI einen Rest auf der Basis iines aliphatischen oder
alicyclischen 40 Kohlenwasserstoffes darstellt. 5. Zusammensetzung nach
einem der vorangehenden Anspruche, wobei die Komponente (A) etwa 80 bis
etwa 200% des Metalls aufweist, das'in elnem entsprechenden neutralen Salz
vorhanden ist. 6. Zusammensetzung nach einem der vorangehenden Anspruche,
in der die Komponente (B) die Formil 45 R4RGC=CR'R7 aufweist, in der jeder
der Rests R4, RI, RI und R7 unabhlngig voneinander ein Wasserstoffatom oder
einen organischen Rest darstellt. 50     7. Zusammensetizung nach einem der
Anspruche 1 bis 5, in der die Komponente (B) mindestens eine Monoolefin-
odor Diolefinverbindung, mindestens einen Fettsiureester oder -amid,
abgeleitet von mindestens elner ungeslttigtsn Carbonsfure, oder sin Gemisch
davon darstelit. 8. Zusammensetzung nach minem der Anspriche 1 bis 5, in
der die Komponente (B) mindestens ein Fett6l, abgeleitet-von mindestens
einer ungesattigten Carbonsaure, darstellt. 55     9. Zusammensetzung nach
einem der AnsprOche 1 bis 5, in der die Komponente (B) ei Olsiuriamid,
Speck6l, ErdnuB6l, Baumwollsamenol, Sojabohnenol, Mais6l, Palm6l,
Sonnenblumenol oder ein Gemisch davon ist. 10. Zusammensetzung nach einem
der Anspruche 1 bis 5, in der die Komponinte (B) mindestens ein
Mono-1-olefin mit 8 bis 36 Kohlenstoffatomen ist. 60     1 1.
Zusammensetzung nach einem der Anspruche 1 bis 5, in der die Komponente (B)
mindestens elne 



der folgenden a-Olefin-Fraktionen darstellt: C15-1g-a-Olefine;
C,2-16-a-Olefine; Cu4 16-o-Olefine; C14-1,4- Olefine; C,.,s18a-Olefine;
CIO20.--Olefine; C22-ge-o-Olefine und C,0+-a-Olefine. 12. Zusammensetzung
nach einem der vorangehenden Ansprfichs, in der das Verhiltnis der
Aquivalente zur Komponente (A) zu den Aquivalenten von Komponente IB) im
Bereich von 1000:1 bis 1:5 65 liegt. 19         | ||||||  IIU 1111 lu~l 11
l1l
.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~t EP 0151 581 B1 13.
Zusammensetzung nach einem der vorangehenden Anspruche, in der die
Komponente (C) elementarer Schwefel ist. 14. Zusammensetzung nach einem der
vorangehenden Anspruche, in der die Komponente (C) die Formel R9-SX-R'0
aufweist, in der RI und RI' unabhangig voneinander Wasserstoffatome oder
organische 5 Rests bedeuten und X sine Zahl groBer als 2 ist.
s 15. Zusatzkonzentrat, umfassend sin im wesentlichen inertes,
normalerweise flOssiges, organisches VerdOnnungsmittel und die
Zusammensetzung nach einem der Anspruche 1 bis 14. 16. Schmiermittel oder
Arbeitsflussigkeit, umfassend sine groBere Menge 01 und eine kleinere Menge
der Zusammensetzung nach einem der AnsprOche 1 bis 14. 10    17. Verfahren,
umfassend die Umsetzung von aktivem Schwefel mit einer olefinisch
ungesattigten Verbindung mit 8 bis 36 Kohlenstoffatomen, bei einer
Temperatur unter etwa 140C in Gegenwart von (A) einem Metallsalz von (A)(l)
mindestens einer Saure der Formel RI(XI), X 15
\II P-XH R IXr)n 20 in der X und X' unabhangig voneinander Sauerstoff- oder
Schwefelatome bedeuten, jedes n Null oder l ist und die Rest R1 unabhangig
voneinander gleiche oder verschiedene Rest auf Kohlenwasserstoffbasis
bedeuten und gegebenenfalls (A)(l1) mindestsns einer Carbonsaure von etwa 2
bis etwa 40 Kohlenstoffatomen, wobei das Verhiltnis der Aquivalente von
(A)(I) zu den Aquiventen von (A)(NI), wenn ' IA)III) vorhanden !at, im
Bereich von etwa 0,5:1 bis etwa 500:1 liegt, wobei die Komponente (A) in
einer 25 wirksamen Menge zur F6rderung des Verbrauchs von im wesentlichen
dem gesamten aktiven Schwefel vorhanden ist. 18. Verfahren nach Anspruch
17, wobei die Temperatur im Bereich von 80 bis 130C liegt. 30
Revendications. 1. Composition comprenant Is produit r6actionnel de: (A) un
sel m6tallique de (A)(I) au moins un acide de formule R'(X1)n X P-XH \ ,,
,,                        ~~~~~~~~RI(X), ... 540 dans laquelle chaque X et
chaque XI est ind6pendamment un oxygAne ou un soufre, chaque n vaut z6ro ou
. un et chaque RI est ind6pendamment un groups 3 base d'hydrocarbure
semblable ou different, et facultativement (A)(ll) au moins un acide
carboxylique d'environ 2 A environ 40 atomes de carbone, Ie rapport des
6quivalents de (A)(1) aux equivalents de (A)(ll), lorsque (A)(ll) est
pr6sent, etant dans la gamme de 0,511 A 500AI; (B) un compose 3
insaturation olefinique contenant 8 3 36 atomes de carbone; et (C) du
soufre actif, le composant (A) etant pr6sent en une quantite efficace pour
favoriser la reaction entre lesa composants (B) et (C) et/ou entre les
composants (A), (B) et (C) suffisamment pour consommer la -:
quals-totalite du composant (C) A une temperature de r6action inferieure A
environ 140C; 50    ob le metal du composant (A) est au moins un metal du
groups 1, un metal du groupes11, I'aluminium, I'etain, le cobalt, le plomb,
le zinc, le manganese, le nickel ou un de leurs melanges. 2. Composition
selon la revendication 1, dans laquelle le composant (A)(l) repond  l Ia
formuls Rt-O S 55 P-SH :                               ~~~~~~~/ Rt-o 60
dans laquelle chaque RI est comme defini dans la revendication 1. i6O    3.
Composition selon la revendication 1, dans laquelle le composant (A) est un
sel de zinc d'un acide di(ailkyI)phosphorodithioique dans lequel chaque
alkyle a independamment 4 A 8 atomes de carbone. 4. Composition selon l'une
quelconque des revendications precedentes, dans laquelle le composant 



(A)(l1) repond a la formule R3COOH, dans laquelle R3 est un groups 3 base
d'hydrocarbure aliphatique ou 65 alicyclique. 20     l lililil ~ ~lili 1
1lill  11 IIU1    EP 0151 581  B1 5. Composition salon l'une quelconque des
revendications pr6c6dentes, dans laquelle le composant (A) a environ 80% A
environ 200% du m6tal present dans un sel neutre correspondant. 6.
Composition solon I'une quelconque des revendications pr6c6dentes, dans
laquelle le composant (B) r6pond b la formule 5; R4RsC=CR6R7 dans laquelle
chaque R4, R5,R6 et R' est independamment un hydrogene ou un groupe
organique. 7. Composition salon l'une quelconque des revendications 1 A 5,
dans laquelle le composant (B) est au to moins un compos6 monool6finique ou
diol6finique; au moins un ester ou amide d'acide gras deriv6 d'un ou
plusieurs acides carboxyliques insatur6s; ou leurs melanges. 8. Composition
salon lune quelconque des revendications 1 A 5, dans laquelle le composant
(B) est au moins une huile grasse d6riv6e d'un ou plusieurs acides
carboxyliques insatur6s. 9. Composition selon l'une quelconque des
revendications 1 A 5, dens laquelle le composant (B) est un 15 ol6amide,
I'huile de lard, l'huile d'arachide, I'huile de graines de coton, I'huile
de soja, Ihuile de mals, I'huile de palms, I'huile de tournesol ou un de
leurs m6langes. 10. Composition selon l'une quelconque des revendications 1
3 5, dans laquelle le composant (B) est une ou plusieurs mono-1-ol6fines de
8 A 36 atomes de carbone. 11. Composition salon lune quelconque des
revendications 1 A 5, dans laquelle le composant (B) est 20 choisi dans le
groupo constitue par une ou plusieurs des fractions d'a-ol6fines suivantes:
a-ol6fines en  -L4 C16...1; a-ol6fines en C12..,; a-ol6fines en C14,,-;
a-ol6fines en C14-18; a-ol6fines en C6..,.; a-olefines en C1S_20;
a-ol6fines en C22_2.; et les a-olefines en CJ0+. 12. Composition solon lune
quelconque des revendications pr6c6dentes, dens laquelle le rapport des
6quivalents du composant (A) aux equivalents du composant (B) est dans la
gamme de I 000/I A 115. :2        25     13. Composition solon rune
quelconque des revendications pr6cedentes, dens laquelle ie composant    -
(C) est le soufre 6l6mentaire. 14. Composition solon rune quelconque des
revendications pr6c6dentes, dens laquelle le composant   A 85        (C) A
pour forniule R-S6-R10 dans laquelle RI et RI0 sont ind6pendamment un
hydrogene ou des groupsa organiques et x est un nombre sup6rieur A 2. 30
15. Concentr6 additif comprenant un diluent organique essentiellent inerte
normalement liquide et la composition de l'une quelconque des
revendications 1 A 14. 16. Lubrfiant ou fluids fonctionnel comprenant une
quantitb majeure d'huile et une quantit6 mineure de la composition de l'une
quelconque des revendications 1 a 14. 17. Proc6d6 comprenant la r6action de
soufre actif avec un compos6 a insaturation ol6finiqus 35 contnant 8 a 36
atomes do carbone A une temperature inf6rieure A environ 1400C, en presence
de (A) un sel m6tallique de (A)(l) au moins un acide de formule R'(X')n X
40                                            P-XH R1(X'), 'dans laquelle
chaque X et X' est ind6pendamment un oxygbne ou un soufre, chaque n vaut
z6ro ou un et 4   chaque R' est ind6pendamment un groups A base
d'hydrocarbure semblable ou diff6rent, et facultativement (A)(l1) au moins
un acide carboxylique d'environ 2 A environ 40 atomes de carbons, le
rapport des 6quivalents de (A)(1) aux equivalents de (A)(ll), lorsque
(A)IlI) est pr6sent, 6etnt dans la gamme d'environ 0,5 A environ 1/0, le
composant 4A) 6tant present en une quantit6 efficace pour promouvoir la
consommation de la quasi-totalite dudit soufre actif. 50     18. Procede
selon la revendication 17, dans lequel ladite temp6rature est dans la gamme
de 80C A 130C. 55 60 6s    


