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COMBI. NATI ON. OF A DI THI OCARBAMATE COVPOUND AND AN ORGANI C POLYSULFI |

i nvent |n§)n relates to lubricating conpositions, greases, and aqueous fluids
contai M ng a dithiocarbamate conmpound and an organi c pol ysul fi de. J’hese
conposiiti ons possess inproved antiwear or extrene pressure properties.
Lubricati ng’ conposi ti ons, greases, and aqueous fluids are used to maintain
a filmof |ubricant between surfaces that are noving with respect to each
ot her. The conpositions mnimze contact of the noving surfaces thus
preventing harnful wear to the surfaces The conpositions generally al so

| ower the coefficient BjB fI MPEQI.B% ff&%t.ﬁ_/se Ak]l)'leA sitions shoul d
havesuffici ent ant 'F‘ﬁﬁ s Ca EﬂSB tl.hes to
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condi tions. Polysulfldes have een use to prOV| e extrene pressure
protection to lubricating conpositions. H gh levels of polysulfides
generally lead to_hjgher extre ressure protectlon However, high |evels
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properties \palpsulfiderie Thesr compbbitiires passet hypivwld beti®lesr Ur extreme

pol ysul fide. Dithiocarbamate acid esters and their pr eparati on have been
descri bed i rPAGSEUrPRTERGIBES10, 872 (Thonpson et al.), 2,897,152 (Elliott et
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have. been descrl ed in US Patents 4,119,549 REPLACED SHEETS -SG
to other. The compositions minimize contact of the moving surfaces

thus preventing harmful wear to the surfaces. The compositions generally
also lower the coefficie_nt of friction. To be effective, the compositions

. should have sufficient antiwear, antiweld, and extreme pressure properties
to minimize métal damage from metal-to-metal contact under high load
conditions.

Polysulfides have been used to provide extreme pressure protection
to lubricating compositions. High levels of polysulfides generally lead to
_higher extreme pressure protection. However, high levels of polysulfides
can lead to coppgr corrosion, seal compatibility, oxidation stability, and
thermal stability problems. It is beneficial to find a material that when
combined with a polysulfide has good extreme pressure properhes without

, the adverse effects caused by high levels of polysulfide.

Dithiocarbamate acid esters and their preparation have been
described in U.S. Patent 2,710,872 (Thompson et al.), 2,897,152 (Elliott
etal.), 3,_890,360 (Malec), 3,833,496 (Malec), 4,064,265 (Varsanyi etal.),
4,758,362 (Butke), 4,885,365 (Lam), and 4,957,643 (Lam). -

The sulfurized composition_s._'_prepared from unsaturated compounds

and olefinic compounds have bee'_'_"ii described in U.S. Patents 4,119,549
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- 2- (Dévi s), 4,119,550 (Davisetal.), 4,191,659 (Davis), and4, 344,854 (Davis
et al.). The invention provides a-lubricating conposition conprising (A at
| east one dithiocarbamate conpound, (B) at |east one organic polysulfide,
optionally, (C a phosphorus or boron antiwear or extrene pressure agent,
and (D) a base fluid selected from (i) an oil of lubricating viscosity,

(ii) water and a surfactant or thickener, and (iii) an oil of lubricating
viscosity and a thickener. In one aspectT2the invention relates to a

| ubricating conposition generally c rising maj or .anoynt i | of

1 ubricating (’Pé‘&%?s)i'@}1?'%5%?34‘%%%?glgﬁe‘}cﬁ%lhﬁg%ﬁpé‘éﬁﬂt énggﬂr’a‘g{nﬁg @?‘?(Y“E B)

at | east oneeplég@r]i c pol ysul fide. The invention also relates to ‘greases
and aqueous conpdsitions which contain the conbination of (A and (B). The
conposi tions of tThe inventiodnpivxidesgaddbaitatinepeompositivn comprisiaguiz) at
properties. The conbination al so provi dese(ivangroved oxi dation resistance and

t her mal st ableastynedithigcasbamate; compoyngd, gt least ereorgenicRelFWEARs of

the inventio r SCh { -t | t] The
torm  hycr oBRFBGRFT FCp SRR ko anBitar offeitithg brind ddtie,
hydr ocar bon ghau@s) aBdset Adid séleytdly drcis 4di)an oilbef lulrdeatinguiscoditye (i)
contain heteroatom substituents which do not alter the predom nantly

hydr ocar bon wate¥ andp suréagfapypr thickesersand (jjhap elof Jubgicating visersitg t he

follow ng: (1 hydr rhon substituents, i.e., aliphatic (e.g., alkyl or
al kenyl)., al F%’?c? @C?%%SP cycl oal kyl, cycl oal kenyl ) substituents,
aromati c-, aliphatthCondRgpatt,Cyhé iiiventichi tdlake & @ Ribricating tddmigiditoand

the like as well as cyclic substituents wherein the ring is conpleted

t hrough anot lgenepaily compsisinga majox amoantiof an ¢id of fwhrisating|dscemty 1 ()
at least one dithiocarbamate compound, and (B) at least one organic
polysulfide. The invention also relates to greases and aquedus
compositions which contain the combination ‘of (A) and (B). The
compositions of the invention have good antiwear or extreme pressure
properties. The combination also provides improved oxidaﬁon resistance
and thermal stability to fluids.

Various preferred features and embodiments of the invention are
described below by way of rion—]:imiting illustration.

The term "hydrocarbyl" includes hydrocarbon as well as

. substantially hydrocarbon groups. Substantially hydrocarbon describes

- groups which contain heteroatom subsﬁtuents which éo not alter the
‘predominantly hydrocarbon nature of the group. Exampies of hydrocarbyl
groups inclqde the following:

(1) hydrocérbon substituents, i.e., aliphatic (e.g., alkyl or
alkenyl), alicyclic (e.g., cycloalkyl, cycloalkenyl) sub_stituents,
aromatic-, aliphatic- and alicyclic-substituted aromatic‘ substituents and
the like as well as cyclic substituents wherein the ring is completed
through another portion of the molecule (that is, for example, any two

indicated substituents may together form an alicyclic radical);



1]

I ndi cat ed substituents may together forman alicyclic radical); -3- (2)
substituted hydrocarbon substituents, i.e., those substituents ,
cont ai ni ng non-hydrocarbon groups which, in the context of this invention,
do not alter the predom nantly hydrocarbon nature of the substituent; those
skilled in the art wll be aware of such groups (e.g., halo (especially
chloro and fluoro), hydroxy, nercapto, nitro, nitroso, sulfoxy, etc.); (3)
het er oat om substituents, i.e., subst it uemds which will, while having a

predom nantly hydrgQcar bon character- within the context of this |nvent|on
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exanpl e, sul this inwveption, do hbogmeramd predordnibstlythiedvogadison dafure p§ithdy! ,
furyl, thienyl, imdazolyl, etc. eneral , no nore than about 2,
preferabl y nS§ubstiuentinthase, S}ﬁgf-‘érlﬁ g\ﬁb@fﬁ wilkhe awage ?feswlégé'ﬁtlpﬁdte 8very
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hydrocar byl gutfeRyi, %taurel y hydrocarbon. As described above,  the
conposi tions include the conbination of (A) a dithiocarbamate conmpound and
(B) an organic pol{$3ul ﬂe(ﬁ%m@ﬁeﬁ@ﬂﬁ,ment%m &bpgubetitgents whichpeilt, whiler

the of thi ocaPRuiey & kibiitinAntiy Rbond BELAR Ribrerer iy oy S rotfiie”

pol ysul fide ﬁﬁenﬂ:m,ecaﬁtatmlénat&ﬂmﬁéf thAnt @ beASSrdsenflih A ridd'8r’ddiA and
range limts nay be conbined. Dithiocarbamate conpounds include reaction

product s of  Qthexwise camposadiof cacban gtona ((e. gndabkexyrarsalinyithie) afuitable
carboxyl i ¢ a‘fl'egéroat g wﬁe be apparent to those of ordinary skill in the art and

include, for example, sulfur, oxygen, nitrogen and such substituents as,
e.g., pyridyl, furyl, thienirl, imidazolyl, etc.

In general, no more than about 2, preferably no more than one,
hetero substituent will be present for every ten carbon atoms in the
hydrocarbyl group. Typically, there _wi]l be no such hetero atom
substituents in the hydrocarbyl group. Therefore, such a hydrocarbyl-
group is purely hydrocarbon. '

As described above, the compositions include the combination of (A)
a dithiocarbamate compound and (B) an organic polysulf_ide. Generally,
from about 0.25 up to about 2, or from about 0.5 up to about 1.8, or from

_ about 0.75 up to about.1.5 parts of the dithiocarbamate compound (A) are
used with each part of the organic polysulfide (B). Here as well elsewhere
in the specification, the ratio and range limits may be combined. -

Dithiocarbamate compourtds include reaction products of a dithiocar-
bamic acid or salt and an unsaturated amide, carboxylic acid, anhydride,
or ester, or ether, alkylene-coupled dithiocarbamate, and bis(S-
alkyldithiocarbamoyl) disulfides. In one embodiment, the dithiocai‘bamate
compounds are ashless, i.e. metal free. The dithiocarbamate compdunds

(A) may be prepared by reacting a dithiocarbamic acid or salt with an



or. ester, or ether, alkylene-coupled dithiocarbamte, and bis(S

al kyl di t hi ocar banoyl ) disulfides. In one enbodi nent, the dithiocarbamate
conpounds are ashless, i.e. nmetal free. The dithiocarbamate conpounds (A)
may be prepared by reacting a dithiocarbamc acid or salt with an -4-
unsat urat ed conpound. The dithi ocarbamate conpounds nmay al so be prepared by
si mul t aneously reacting an am ne, carbon disulfide and an unsaturated
conmpound. Generally, the reaction occurs~41 a tenperature from about
25[err] C, or fromahoyt 50[errlC tq abqut. 125[err]C or to_about 100[err]C
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hydrocarbyl group may independently contain from one up to about 40, or

from about two up to about 30, or from three up to about 24, or even up to
about 12 carbon atoms.

In one embodiment, the amines are primary amines. Examples of
primary amines useful in the present invention include ethylamine, propyl~
amine, butylamine, 2-ethylhexylamine, octylamine, ahd dodecylamine.

In one embodiment, the primary amine is a fatty (Cg_3;) amine which
include n-octylamine, n-decylamine, n-dodecylamine, n—tetradecylamine;
n-hexadécylamine, n-octadecylamine, oleyamine, etc. Also useful fatty
amines include commercially available fatty amines such as ;'Armeen " amines
(products available from Akzo Chemicals, Chicago, Illinois), such as
Akzo's Armeen C, AI_'meen O, Armeen OL, Armeen T, Armeen HT, Armeen
S and Armeen SD, wherein the letter designation relates to the fatty
group, such as cocoa, oleyl, tallow, or Qtearyl groups.

Other useful primary amines include primary ether amines, such as
those represented by the formula, R" (OR’)XNHZ , wherein R’ is a divalent
alkylene group having about 2 to about 6 carbon atoms; x is a number from
one to about 150, or from about one to about five, or one; and R" is a

hydrocarbyl group of about 5 to about 150 carbon atoms. An example of an



'S and Arneen SD, wherein the |l etter designation relates to the fatty group,
such as cocoa, oleyl, tallow, or stearyl groups. O her useful primry

am nes include primary ether am nes, such as those represented by the
formula, R®" (OR)[err]NHerr], wherein R is a divalent alkylene group

havi ng about 2 to about 6 carbon atons; x is a nunber fromone to about
150, or from about one to about five, or gne; and R' is a hydrocarbyl group
of about 5 to about 150 carbon atons. An exanple of an -5- ether am ne
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atons. Such amnes are illustrated by tert-butylanine, tert- am ne,
1- net hyl - 1- aGenexslly| dheadiphatic geoup optefeaablyean alkyl grolge,y bomtaies from

tert-dodecyl api ne,, tert-tetradecyl anjne, tert-hexadecyl anm ng,
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Il1lTustrative of amne mxtures of this type are his a
' represented by the formula Rl—C(Rl') 1~NH,, wherein R, is a hydrocarbyl

group containing from one to about 27 carbon atoms and each Rl’ is
independently a hydrocarbyl group _containing from 1 to about 12 carbon
atoms. Such amines are illustrated by tert-butylamine, tert-hexylamine,
" 1-methyl-l1-amino-cyclohexane, tert-octylamine, tert-decylamine,
tert-dodecylamine, tert-tetradecylamine, tert-hexadecylamine,
tert-octadecylamine, tert-tetracosanylamine, and tert-octacosanylamine.
Mixtures of amines are also useful 'for the purposes of this invention.
Hlustrative of amine mixtures of this type are "Primene 81R" which is a
mixture of Cyy-Cy, tertiary alkyl primary amines and "Primene JMT" which
is a similar mixture of Cy4-Cy; tertiary alkyl primary amines (both are
available from Rohm and Haas Company). The tertiary alkyl primary
- amines and I;Iethods for their preparation are known to those of ordinary
skill in the art. The tertiary alkyl primary amine useful for the purposes
of this invention and methods for their preparation are described in U.S.
Patent 2,945,749. o
In another embodiment, the amine is a secondary amine. Specific of
secondarf amines include dimethylamine, diethylamine, dipropylamine,

dibutylamine, diamylamine, dihexylamine, diheptylamine,



m xture of CJerr]-Clerr] tertiary alkyl primary am nes and "Prinmene JMI™
which is a simlar mxture of Clerr]-(Jerr] tertiary alkyl primry am nes
(both are avail able from Rohm and Haas Conpany). The tertiary .alkyl primary
am nes and nmethods for their preparation are known to those of ordinary
skill in the art. The tertiary alkyl primary am ne useful for the pur poses
of this invention and nmethods for their preparation are described in U S.
Pat ent 2, 945,749. In anot her enbodi nent, Pﬁe amne is a secondary amne.
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enbodi ment, the secondary anmi nes may be cyclic am nes such as piperidine,
pi per azi ne, mpmmeuemoepbohmeu ete enbodi nent, the dithiocarbamate
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conpound (A) react
and an unsaturated amide has additional NH group which are capable of

reacting, then the reaction product may be further reacted with a linking

or a coupling compound, such as formaldehyde or paraformaldehyde. The -
- . .reaction products of dithiocarbamic acids and salts with unsaturated amides

are disclosed in U.S. Patents 4,758,362 (Butke) and 4,99_7,'969 (Luciani).

In one embodiment, the dithioc_arbamate compound (A) is a reaction
product of a dithiocarbamic acid or salt with an unsaturated acid,

" anhydride or ester. Examples of unsaturated carboxylic' acids and
anhydrides include.acrylic acid, methacrylic acid, itaconic acid, maleic
acid, fumaric acid, and maleic anhydride. If an unsatu;:'ated carboxylic
acid or anhydride is used, an ester may then be formed by subsequent
reaction of the dithiocarbamate-uhsaturated carboxylic acid or anhydridé
adduct with.an alcohol such as those alcohols discussed herein. In one
embodiment, the alcohol has from 1 to about 12 carbon atoms.

In one embodiment, the unsaturated carboxylic acid, or anhydride
or ester includes maleic, fumaric, acrylic, methacrylic, itaconic, citraconic
acids and esters. The ester may be represented by one of the formulae:
(R;);C=C(R;)C(O)OR,, or Ry0-(0)C-HC=CH-C(O)OR;, wherein each R,
and R; are independently hydrogen or a hydrocarbyl group having 1 to



" product of a dithiocarbamc acid or salt with an unsaturated acid,
anhydride or ester. Exanples of unsaturated carboxylic acids and
anhydrides include acrylic acid, nmethacrylic acid, itaconic acid, maleic
acid, fumaric acid, and maleic anhydrlde If an unsaturat ed carboxylic acid
or anhydrlde S used an ester may then be fornmed by subsequent reaction of
t he dithi ocar banmat e- unsaturated carboxyl Lg_acid or anhydride adduct with an
al cohol such as those al cohols discussed herein. In one enbodi nent, the

al cohol has fxhgf} 38t BraBUout 32¢ 3N @caﬂ%n%n%”@@s%roéé?ﬁor an
unsaturated carboxyflic acid, or anhydride or ester includes malelc,

fumaric, acryplkyl gmuphhcvxy)lgr from 1 twabout, 6 carbat etvres .adndmeaambcuhmns, Rphe
ester may be: represented % one of the fornul ae:

(R err]) [ err foPEeEgrabl BRP &3 MeShyREEPYR 0- (O)C-'HC—CH-C(O)OQ[err]
wherein each R err ag,m; , ' E%gﬂ Qﬂﬁﬂa &é@%ér byl
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atons. In one enbodinment, R2 is preferably hydrogen or_a nethyl _group
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2- hydr oxypr opthyitxil ahdleat®!. NyPhaerabewé &ist hntlrdedtmend-c ag kil as alibstelrs of!
mal eate. The above list includes nono- as well as diesters of nmleic,
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ester is a vinyl ester. The vinyl ester nmay be represented by the formul a
R[ er r] CH=CH with methyl acrylate. :

In another embodiment, the unsaturated carboxyhc ester is a vinyl

ester. The vinyl ester may be represented by the formula R,CH=CH-
O(O)CR;, wherein Ry isa hydroca;:byl- group having from 1 to about 30, or
to about 12 carbon atoms, preferably hydrogen, and R; is a hydrocarbyl
group having 1 to about 30, or to about 12, or to about 8 carbon atoms.
Examples of vinyl esters include vinyl acetate, vinyl‘Z-ethylhexanoate,
vinyl butanoate, etc. |
In one embodiment, the dithiocarbamate compound (A) is a reaction
product of a dithiocarbamic acid or salt and a vinyl ether. ~ The vinyl ether
is represented by the formula Rg-CH=CH-OR; wherein R is independently
hydrogen or a hydrocarbyl group having from 1 up to about 30, or up to
about 24, 01.: up to about 12 carbon atoms. Ry is a hydrocarbyl group
defined the same as R;. Examples of vinyl ethers include methyl vinyl
ether, propyl vinyl ether, 2-ethylhexyl vinyl ether and the like.
In one embodiment, the dithiocarbamate compound (A) is an
alkylen‘e—coupled dithiocarbamate. AI}-:ylene-coupled dithiocarbamates
useful in the present invention may be prepared by the reaction of a salt

of a dithiocarbamic acid, described above, with a suitable dihalogen



(OCRerr], wherein Rerr] is a hydrocarbyl group having from 1l to about
30, or to about 12 carbon atons, preferably hydrogen, and Rerr] is a

hydr ocar byl group having 1 to about 30, or to about 12, or to about 8
carbon atons. Exanples of vinyl esters include vinyl acetate, vinyl

2- et hyl hexanoat e, vinyl butanoate, etc. In one enbodi nent, the

di t hi ocar bamat e conpound (A) is a reactigg_product of a dithiocarbamc acid
or salt and a vinyl ether. The vinyl ether is represented by the formula

Rl err] - CH=CHocRlRhirlg WAIRIcArbose! I I The +<MeBAN e YdnbrBid’ Sfi5Ted ot at a
hydr ocar byl group having from1 up to about 30, or up to about 24, or up to
about 12 car bempexaiure wRflinr the sarsgenfabmoabolty25 g aptodidfoutdd0f Ge oxane tas

R6. Exanpl es of vi et.hers_i ncl ud thyl vinpyl ether, propyl vijnyl
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reaction is GEtBPLS of malkipgdhessamey In epgamhadi@ent  Hie alindenargpunledm
b 25 : ts : . e 1 LS t ent
N T

3,876,550 is scribes a ene ni dcar banat e conpounds,
and U.S. Pat enéthylent2@ichlorided 1, 736, 429, issued to Cadwel | descri be,
phenyl met hyl ene bi s(dithi ocarbanmates) and net hods of nmaking thée sane. In

one enbodi nent, tHAB anqthesrukedipens, ghe Hiitkigeachamatej compaoungeis By big(S-
di - n- but vyl ' . ' fi. ' ' .
Chbodi ment . PUBGARLEARAHON) diSiE TEhINS Hitetif hBbL rediBaliioblel | |

di sul fi de. Theferredt & bslsulh@r-eoppiad @itlivcdreamates.cr The digulides may be

sul fur-coupl ed dithiocarbamates. The disul fides may be
-+ . prepared- by (A) reacting a sulfur halide with about a stoichiometric

-

equivalent of (i) at least one olefinic hydrocarbon, or (ii) an aldehyde or
ketone, at a temperature and for a period of time sufficient to produce a
di(halohydrocarbyl)sulfur intermediate or a dialdehyde or diketo sulfur
intermediate, and (B) reacting the intermediate with a salt of a
dithiocarbamate in an amount sufficient generally to replace both halo
groups with the dithiocarbamate groups or to react with both carbonyl
groups of the dialdehyde or diketone. The sulfur halide utilized in the first
step (A) may be sulfur monochloride (i.e., SZCIZ), sulfur dichloride,
sulfur monobromide, sulfur dibromide, or mixtures of ahy of the above
. sulfur halides with elemental sulfur in varying amounts.

The sulfur halide utilized in the first step (A) rhay be sulfur
monoch]oridé (i.e., S,Cly), sulfur dichloride, sulfur mondbromide, sulfur
dibromide,l or mixtures of ariy of the above sulfur halides with elemental
sulfur in varying amounts. Various olefins and olefin mixtures may be
used as the starting material in step ( A) . The olefins are disclosed below
for the organic polysulfide. Specific examples of aldehydes that may be
reacted with sulfur halides include, for example, acetaldehyde,
propionaldehyde, butyraldehyde, isobﬁtyra]dehyde ¢ 2-ethyl-hexanal, and



preparéd by (A) reacting a sulfur halide with about a stoichionetric

equi valent of (i) at |east one ol efinic hydrocarbon, or (ii) an al dehyde or
ketone, at a tenperature and for a period of tinme sufficient to produce a
di (hal ohydrocarbyl)sul fur internedi ate or a di al dehyde or di keto sul fur

i nternmediate, and (B) reacting the internediate with a salt of a

di t hi ocarbamate in an anount sufficient _%gneral ly to replace both halo
groups wi.th the dithiocarbamate groups or to react with both carbonyl
groups of the dial dehyde or .diketone, The sulfur ' j | ' he
first step (%cq%es?‘aﬁ’gxg’gwxuarlg"r%%é%h (’)‘?fngges(?%%e&?n%?géﬁ#éﬁg%%%dri de,
sul fur nonobh&ikyd cethsu! ﬁétbnd} bdieth e ke€bndl Xicethgb i86p¥ubyloketohe, adnesteyl

sul fur halides with elenental sulfur in varying anounts. The sul fur halide
utilized in isbeufylrkatopeept¢.A) nay be sul fur nonochloride (i.e., S2Cl12),

sul fur dichlorid sul fyr obr o de ul.fur dihromd Of.. 41 f any
of the above sul ?’Bpe 0=\ %"f n&?‘&ﬁﬁqﬁ% mg%ﬁ"i‘?fgaf%m@m éf&ﬂgﬁéﬁlﬁ?t%
Various ol ef iJfigs getbrahigfis BoRdvétddaTofimbient dfbaathfetS i teffitk taigdd-al i n
step (A). The olefins are disclosed below for the organic polysul fide.

Speci fi ¢ exaatpmiresofothe Imistyres Mt reagtidre is ccondatted tuntdly the rrelagtipdeis

I ncl ude, f | e, t al deh ' | _dehy | d

| Sobut y al erietes WhiGH 9 geaRIALY S bong 5 G Wcitt ok HEERD 1 oRL tHe IR
Exanpl es of ketpoesdcbiohUdthdlidRiedius kRAGNSs sBiddtet! ANk KBS P¥dauéteidy!

ket one, nethyl 1sopropyl ketone, nethyl isobutyl ketone, etc. The reaction
bet ween t he medokered ditam ithdicrganimghase. di t hi ocarbanmate ‘salts generally is

ducted f mbi ent, tyre tg th fl t - f t
mxture. The r eactPePisS CORLuacaRamoh At ideR Al B g FRePaRUY | <
general Iy Trom,ahQills Syieh2keiprichs GeS stbs! B €AY YeatHifigh @AC!d1efinid he

aqueous phase i's separated, and the product is
' hydrocarbon with a halogen to produce a halogen-containing intermediate,

and (B) reacting said intermediate with an alkali metal sulfide and a salt of
a dithiocarbamate in an amount sufficient to replace the halogen groups

' present partially with dithiocarbamate groups and/or partially with sulfide
groups. The bis(S-alkyldithiocarbamoyl) disulfides are described in U.S.
Patent 2,599,350, issued to Rudel et al.

In the compositions of the p:esent invention, the dithiocarbamate
compoimds (A) esters are used in combination with (B) an organic
polysulfide. ‘The organic polysulfides are generally c_haracterized as
having sulfide linkages having from at least 2 to about 10 éulfu_r atoms, or
from 2 to about 6 sulfur atoms, or from 2 to about 4 sulfur atoms. The
.organic polysulfides are gener_a]ly'di-, tri- or tetrasulfide compositions
with t_risﬁ.lfide compositions preferred. The organic polysulfides may be
a mixture of di-, tri- or tetrasulfide materials with materials having a
majority of trisulfide being preferred. Materials having at least 70%
trisulfide are preferred, with materials containing greater than 80%°
trisulfide more preferxed. _

The organic polysulfides of the present invention provide from about

‘13 to about 3% sulfur to the lubricating compositions. Generally, the



recovered fromthe organic phase. The bis(S-al kyl dithiocarbanoyl)

di sul fides al so may be prepared by a process which conprises the steps of
(A) reacting an ol efinic hydrocarbon with a hal ogen to. produce a

hal ogen-contai ning internediate, and (B) reacting said internmediate with an
al kali metal sulfide and a salt of a dithiocarbamate in an anount
sufficient to replace the hal ogen groups B_r_esent parti-ally with

di t hi ocar bamate groups and/or partially \’M th sulfide groups. The

bi s(S-al kyl di t hi Qcar, ' i i i éﬁ]ﬁ’ Pédt &-8m

2,599, 350, | ESEYC PSQ%L‘T’?J%PL%? bx?#l_:ﬂ rfgg’?ﬁggg'%)?g%g‘f tbil?%%sédc%f t er'p?;esent 208
invention, tHealbhbEE,240a Bt RofOaBEUESES tc\hb6Gt €5% salfuryus eaterialsowhictat i on
with (B) an organic pol ysul fide. The organic polysulfides are generally
char act er i zemagdersnifuxjzed te form the exgasiceelysylfidesincludegils, datty agids: 10
sul fur atonms, _or from2 .t o _about |fur atoms, or from2 to about 4

sul fur at ons®F ?ﬁfeer&'gogn?lsﬁﬁlgl'ﬂ:u?ﬁy%geguﬁ'e generally di-, tri- or
tetrasul fide conppdistiRich mhy Belilbutibed are qiERasall srodeniteticcsile theltliing
organi ¢ pol ysulfides may be a mxture of di-, tri- or tetrasulfide -
materi al s wi minenal oils alardiedlsi caybaxyigteestersgienived fran géphatiaglgphelsand d.

Material s hayi t .l east. 70%trisul fid f d. . wi terd
Cont ol ni g g atian B AT Carteriarids P e hFFspl bEalR Lold 8let1
pol ysu”idesoiéfat%ﬂ_eaﬁ’&_%%ﬂ’ﬂheﬁ@‘(ﬁﬁaitﬁfhﬁéa%téﬁs beqyabadks 1% t o about 3%

sul fur to the lubricating conpositions. Cenerally, the -10- organic
pol ysul fi des cont &attyf acidsapenarallfocantairb fcom ebotit @ aprto ahoutr Iy o0 frem

bout 50% d 5% t % syl f MVat er i al '
Do sul ur | 2oBDPBE PR PRV JARRED AR RV 1 R HIRE P fas g o P el BHRAT o
esters, or. %E?ai}ﬁirtoﬁﬁc PoleYO) :[%Eiﬂb?eicgﬂn%lé&ﬁi, bleo¥bearie, &td.f Bulfifdzad fatty

natural or 'synthetic oils 1 ncluding
acid esters prepared from mixed unsaturated fatty acid esters such as are

obtained from animal fats and vegetable oils including tall oil, linseed oil,_ _
rapé oil, fish oil', etc., also are useful. |
The olefinic compounds w_hi'ch may be sulfurized are diverse in.
nature. '_I'hey contain at least one olefinic double bond, which is defined.
as anon-aromatic double bond; thatis, one connecting two aliphatic carbon

atoms. In its broadest sense, the olefin may be defined by the formula
R'IR*c=CcRr"R™

wherein each of R*l, R*z, h*:i and R™ is independently hydrogen or an
organic group. In general, the R groups in the above fdrmula which are
not hydrogén may be satisfied by such groups as -C(R*5)3, -COOR*S,
~CON(R"),, -COON(R"),, -COOM, -CN, -X, ~YR" or -Ar, wherein: each
RY is independently hydrogen, alkyl, alkenyl, aryl, substituted alkyl,
substituted alkenyl or substituted aryl, with the proviso that any two R"
groups can be alkylene or substituted alkylene whereby a ring of up to
about 12 cai'bon atoms is formed; M is one equivalent of a metal cation

(preferably Group I or II, e.g., sodium, potassium, barium, calcium); X



mneral oils, lard oil, carboxylate esters derived fromaliphatic al cohols
and fatty acids or aliphatic carboxylic acids (e.g., nyristyl ol eate and

ol eyl oleate), and synthetic unsaturated esters or gI ycerides. Fatty acids
generally contain fromabout 8 up to about 30, or from about 12 up to about
24 carbon atonms. Exanples of fatty acids include such as palmtoleic,

oleic, ricinoleic, linoleic, oleostearic,y,etc. Sulfurized fatty acid esters
prepared from m xed unsaturated fatty acid esters such as are obtained from
ani mal fats ?mamgsﬁt(abb.e, tho?:o' Hromd, raﬂlbabi 9'1E1oﬂyg'é§ﬁﬁddﬁ'ahentr§th9”
fish oil, etc so are useful ! The Ol efinic conpounds whi ch may b

sul furi zed aAe igi arcasel lon sunsnitated'heyl @rotipi of ap ﬂoeahxiutonbcathtm raltomsloubl e
bond, which is defined gs apnonsgaromatic doubl e bond; that is,

connect i ng t%BYaF“I"bH’&t?c'c%r moR “a IMaY @lsq, fogrtber fogmsan qlh ﬁ%ﬂee??n
be def f
REore], R er FioSies, mﬁ’ﬁﬁ"‘gﬁfﬁ{ﬁﬁ SICHRf Chfboiid iiFbE hcRRae, O

group. I n geher al ThiehsleRnix compoundtxbmsaianyeozie)nﬂwhacmbacﬂn Rafrgrou;t wiiieli ogen
may be satisfied by such groups as -C(R[err]);qrr]

-CON(R[ err]) jerpot hmmm el¥ ] ar{ (y\} alkxnyl YRFelaF]l’l 0BTOWp .

\émuggt?: '?ut :chllog)ﬁie%su{:) ?’h{i §P§gl <eny aﬁﬁ%rafyﬁ@yh{rﬁ?e{ryl are

proviso that pgaferirea, Rird rebpléiau@St&QtﬁnEB nﬁid@ble&ﬂﬁc%yétﬁ&kbbﬂﬁﬁ&h&t kigl, ene
whereby a ring of up to about 12 caabon at Qs is formed; Mig one

equi val ent othesergermpounds dn whicks Rraan @IS hydrogen apd R aemhﬁjmare

Pty ¥ o ShHTkr CANY, Yiband suﬁae%#iﬂ‘A?a?ﬁ@ roflps, IR B, R Brechl sc
group of up tBpAREH) zu@?ubﬁm@wm 3tho%oﬁiqscbr1ﬂﬁé&ouﬁﬁaﬁa and

Rlerr] may also togeth orm an al kyl ene or substituted al kyl ene group;
i .e., the ol efiup to dmyiduerrhanatemsa| Olafiniccompeundsdfaving abetp duadcbiont

usually one '38 \My ecsri)ee V4 apﬁgu\{l% tg ra%%ﬂt‘i’g (?n%st often less than about 9) carbon

atoms are particularly desirable.

-IJ

Isobutene, propylene and their dimers, trimers and tetramers, and
mixtures thereof are especially preferred olefinic cbmpoﬁnds. Of these
compounds, isobutylene and diisobutylene are particularly desirable
because of their availability and the particularly high sulfur containing
compositions which can be prepared therefrom. |

In one embodiment, the organic polysulfide compﬁses a sulfurized
olefin, where the olefins are described above. For exampie, organic poly-
sulfides may be prepared by the sulfochlorination of olefins containing four
or more carbon atoms and further treatment with inorganic higher
polysulfides'according to U.S. Patent 2,708,199.

In one embodiment, sulfurized olefins are prdduced by (1) reacting
sulfur monochloride with a stoichiometric excess of a lower olefin, e.g.
containing less than eight carbon atoms, (2) treating the resulting product
with an alkali metal sulfide in the preSence of free sulfur in a mole ratio of
no less than 2:1 in an alcohol-water solvent, and (3) reacting that product

with an inorganic base. This procedure is described in U.S. Patent



i s, not "hydrogen is independently alkyl, alkenyl or aryl group. Mnool efinic
and di ol efinic conpounds, particularly the fornmer, are preferred, and
especially term nal nonool efinic hydrocarbons; that is, those compounds in
which Rerr] and Rlerr] are hydrogen and R err] and R err] are al kyl or

aryl groups, especially alkyl groups (that is, the olefin is aliphatic)
“having 1 up to about 30, or up to about_&?L or up to about 8, and or up to
about 4 carbon atons. O efinic conmpounds having about 3 to about 30 and

especial |y agﬁ”;l%%‘%?r g,%@gkaiﬁ, tHR Slefdh tr@acéaﬁﬁsgéx{&au?%&&aj%)s £ 2ot O1TB

are particula I'sobut ene, propylene and Their diners, triners
and t et raner3 todnchrbont atoas drid egahplescinehpde ethylenp| eiropyleteq | mitylére,
conpounds. O these conpounds, isobutylene and diisobutylene are

particul ar| yisebytylgpee 3808 cetl- t heir availability and the particularly

hi gh sul fur” cont 2ngAAROS dLAAS WHIEA e el AR EdubOREBREQUF pld' One

enbodi nent, the organic polysu e conprises a s z ere

t he ol ef i ns presedts Ghivbrtionbalso may deanpieparedgdsy Ctiw! yeackidrd,i desdemy be
prepared by the sulfochlorination of olefins containing four or nore carbon
atons and f useperatmospheEsiPTRSsAre nef ¢jafinic sempeyngs mixarepfsHENmg to

U.S. Patent 2. 708 - . ' f Ui fi 8 ed
by (1), r cact P S0 epapm AR 8 TR B Rhes L p lbatG B, Rl n @ B e O
ol efin, e.g.10WPnbailiiImaesTalshan aHg8t peacddirelt £6F5, preParingalsulirized
resulting product with an alkali nmetal sulfide in the presence of free

sul fur in a sompositions wifichgreasefulinthe presentinvantignis desceibeddnidn®. and

3 ot hat \ ; ; s e ;
oo hon | oppfiesl 008 540)'4,118 650, 97, 603 0g 4 AR8BROCE0LTS 10
general |y cont ai nghr ModBRy tnoh-lithifingod:Raiplat lEtead SPGAMN polyswdfidds.

et hyl ene, propyl ene, butyl ene,
Example 1

Sulfur (526 parts, 16.4 moles) is charged to a jacketed,
high-pressure reactor which is fitted with an agitator and internal cooling
coils. Refrigerated brine is circulated through the coils to cool the reactor
prior to the introduction of the gaseous réacuuns.; Afuu;seaﬁng'the
reaétor, evacuating to about 2 torr and cooling, 929 parts (16.4 moles) of
isobutene and 279 parts (8.2 moles) of hydrogen sulfide are charged to the
reactor. The react;)r is heated using steam in the external jacket, to a
temperature of about 182°C over about 1.5 hours. A maximum pressure of
1350 psig is reached at about 168°C during this heat-up. Prior to reaching
the peak reaction uﬂnpérature, the pressure starts to decrease and
continues to decrease steadily as the gaseous reactants are consumed.
After about -10 hours at a reaction temperature of about 182°C, the
pressure is 310-340 psig and the rate of pressure change is about 5-10 psig
per hour. The unreacted hydrogen sulﬁde and isobutene are vented to a
recovery system. After the pressure in the reactor has decreased to
atmospheric, the sulfurized mixture is recovered as a liquid.

The mixture is blown with nitrogen at about 100°C to remove. low

boiling materials including unreacted isobutene, mercaptans and



| sobutyl ene, anylene, etc. The sulfurized ol efins which are useful in the
conpositions of the present invention also nmay be prepared by the reaction,:
under superat nospheric pressure, of olefinic conpounds with a mxture of

sul fur and hydrogen sulfide in the presence of a catalyst, followed by
removal of low boiling materials. Thi s procedure for preparing

sul furized conpositions which are-useful .0 the present invention is
described in U S. Patents 4,119, 549, 4fff9,550, 4,191, 659, and 4, 344, 854.

The foll ow n ~det g L al.es i Lysul f£i.d Exampl e
1'Sul fur °( 5okeRBRaleldEs,! Plekalearts AhsabPofhiRl f aBfalok bt oS subtF e
react or whi cRiltsolfand filtewel ) BnQ & didtSihactiotsi reh Fater 8.1 MEhe Silbate is

Refrigerated brine is circulated through the coils to cool the reactor
prior to thethedesired:sWiurized composition which contains 427 5% suifdwl.i ng t he

reactor, eva s it 2 [ | cooling, 920 parts (16.4 noles) of
| sobut ene angigééaﬂ(?ﬂ[sl?gp\ %%nn%Mhydr.pgen sulfide are charged to the
reactor. The reacifloneSerbédiaiénts ith8 combRiAtich b @XhRCARbahAKEmpdignd
tenperature of about 182[err]C over about 1.5 hours. A maxinmum pressure of
1350 psi g i s{AdandeorganigpelysulsigiectB) & used mgth I{iCY dtdabsitipne Riiosphbous
reachi ng the_pe eacti.on .temperature, the pressure starts to decrease and
conti nues toogeg&gn RENE By a&é“’ﬁ?é' §hs EBHEMS REEFFHEL 42Ee s M iR ¢ er

eas
about 10. hougmbaBinterits aghé PhdsPHBLOS! o %o%naém&irﬁﬁé[ Shtilvear L6 dXteemd" ©
I's 310-340 psig and the rate of pressure change I s about 5-10 psig per -
hour. - The unpressurg agembd&n isicOnveniently pobsérenin aneamenhedsufficernitetovery

system After th rgssure i .tk@grea tor has decreased to atnospheric, the
Sulfuri zed riRRHEAREWEREC AUHeISs Snl/GR, FAEreRR. RReRPUTS REOPBTUAR 19 the
ni trogen at Aieark@0hed tuntional SRRYS. | P¥etOhddptbriBG biken AW gr

unreact ed i sobut ene, nercaptans and
. extreme pressure agents (C) are typically present in the lubricants and

3

functional fluids at a level of up to about 20% by weight, preferably up to
about 10% by weight, based on the total weight of the lubricant, functional
fluid, or grease. Typically, the phosphorus or boron containing antiwear
or extreme pressure agent is present in the lubricants and functional fluids
at a level from about 0.01%, or from about 0.05%, or from about 0.08% by
weight. The phosphorus or boron containing antiwear or extreme pressure
agent is present in an amount up to about iO%, or up to about 3%, or up to
about 23 by weight. In one embodiment, the lubricating compositions,
functional fluids, and greases contain mére than 0.01% _—phosphorus, or
greater than 0.05% phosphorus.

. Examples of phosphorus or boron containing antiwear or extreme
pressure agénts (C) include a metal thiophpsphate s a phosphofic acid éster
or salt thereof; a phosphite; a phosphorus~containing carboxylic acid,
ester, ether, or amide; a borated dispersant; an alkali metal borate; a
borated overbased metal salt; a borated fatty amine; a | borated
phospholipid; and a borate estex. The phosphorus acids include the
phosphoric, phosphonic, phosphinic and thiophosphoric acids including



-13- nonosul fides. The residue after nitrogen blowing is agitated with 5%
Super Filtrol and filtered, using a diatomaceous earth filter aid. The
filtrate is the desired sul furized conposition which contains 42.5% sul fur.
Phosphorus or Boron Agents (C): In one enbodi ment, the conbination of a
di t hi ocar bamat e conmpound (A) and organic polysulfide (B) is used with (O
at | east one phosphorus or boron containjpg antiwear or extreme pressure
agent. In this enbodi nent, the phosphorus or boron containing antiwear or

extrenme presgihi 0 LSgqcoqven, 8ot 1 pypese r{zﬂhﬁa{i: HBkicSULEigci ent
to inpart an(?ll mﬁggh?%’\%el%édan%ogb%gt r%rre%?egltéoure p g%%?t?eg to the

| ubri cants andophosphinitndnd Ithicthosphenpdhasidsor us or boron antiwear or
extreme pressure agents (C) are typically present in the |ubricants and

functional fluidslthtong emhedimenty, Phesphivsys G ROFNRATYAINIngG AEWERY \OTup t o
b 10% b ' al_ wej I yhr j onal
oo, 0% bledpil prbAtpd et Pl Wlibol! o Ui Belpardd 8y o1

or dgrease. OSphO ron contaln anti ar or

extrene presgaictinf®mle bf MOLS Sphodphdrine heid iogaahhyadiilled wAth | &Mailcbhol ds
at a level fromabout 0.01% or from about 0.05% or from about 0.08% by
wei ght. The ¢trdapisgusonronsyramineshabeyl 3 gasken akams.oThecalcehel gerexalive

agent is present.in._an _agou up_to abqut % __or Q 3% up to
Sbout 296 by Gargis uB o 3BIERRe Br B R i 1Al i P abSub BE Hartied ame!
functional firHedshosphdris @REE orHRideBs gehbaalP Ml gaahphusSphéus
greater than 0.05% phosphorus. Exanples of phosphorus or boron contai ning

antiwear or reagentesprk8sphesphermspemioxide) phesphomisdiciaxifiepnboppherus g
PhoSpor | SBhoEas p epiilc SR SHidnpPoBoGE B obPs IR BESe SN ™
Bor at ed_ PhosB T e D o e e
phosphoric, peotasudfide, aphteplikeai d.owed nhvspboouphcid esters denduadlylehntgin -
from 1 to about 7 carbon atoms in each ester group. The phosphbrus acid
ester may be a mono-, di- or tﬂphosphoric acid ester. Alcohols used to
prepare the phosphorus acid esters include butyl, amyl, Z—éthylhexyl,
| hexyl, octyl, and oleyl alcohols, and phenols, such as cresol. Examples .
of commexrcially available alcohols include.Alfol 810 (a mixture of primarily |
straight chain, primary alcohols having from 8 to 10 carbon atoms); Alfol
© 1218 (a mixture of synthetic, primary, straight-chain alcohols containing
12 to 18 carbon atoms); Alfol 20+ alcohols (mixtures of CIB'CZB primary
alcohols having mostly C, alcohols as determined by GLC
. (gas-liquid-chromatography)); and Alfol 22+ alcohols (Cy3~Cyg primary
alcohols containing primarily C,, alcohols). Alfol alcohols are available from
'Continental dil Company.
Ancther example of a commercially available alcohol mixtures are Adol-
60 (about 75% by weight of a straight chain C,, primary alcohol, about 15%
of a Cy; primary alcohol and about 8% of clB and C,, alcohols) and Adol 320
(oleyl alcohol). The Adol alcohols are marketed by Ashland Chemical.
A variety of mixtures of monohydric fatty alcohols derived from

naturally occurring triglycerides and ranging in chain length of from Cg4 to



-14- di't hi ophosphoric acid as well as the nmonot hi ophosphori c acid,
thIOphOSphInIC and t hi ophosphonic acids. In one enbodi nent, phosphorus or
boron containing antiwear or extrene pressure agent (C is a phosphorus
acid ester prepared by reacting one or nore phosphorus acid or anhydride
wi th an al cohol containing fromone, or from about 3 carbon atons. The

al cohol generally contains up to about 30Q, or up to about 24, or up to
about 12 carbon atons. The phosphorus aci™® or anhydride is generally an

P e e e T e e O
phosphor us hahiibtis dnfifits P ESRPAEEHAS boh&inRg RaftP3IBNanUI6 SBE 1B ¢Rrbon
i ncl udi ng phosphorus pentasul fide, and the |iKke. Lower phosp orus acid

esters gener étqﬂ}s-cG"'rOFeﬁmnlngp-tléléb@atfafthICbbnl aixivgeicontzgining O 5% of
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anyl, 2-et hybt&msi., hexyl octyl, and ol eyl al cohols, and phenols, such as
cresol. Exanples of commercially available al cohols include Al fol 810 (a
“m xture of pri mar iArgotlaeraggbnp Ccoii commexciaty a}aﬂdmésmllmdmg finclnde thelO
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avai l abl e from Conti nen%al Q.| Compan Anot’her exanple of a commercially

avai |l abl e al EHRJMEPRE Of &9- fri0 Wb lﬁelcf’ﬁ%‘ut 75% by wei ght of a straight
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Adol al cohol frem Ashlakeét@ill undesstiengenéitad rticadé .designation Adol 114 and Adol
158. The former is derived from a straight.chain alpha olefin fraction of

C11~Cy4, and the latter is derived from a Cy5~Cy4 fraction. _

.Examples of useful phosphorus acid esters include the ph’osphon’c
acid esters prepared by reacting a phosphoric acid or anhydride with
cresol alcohols. An example of these phosphorus acid esters is'
tricresylphosphate.

In another embodiment, the phosphorus or boron antiwear or extreme
pressure agent (C) is a thiophosphorus acid ester or salt thereof. The
thiophosphorus acid ester may be prepared by reactin‘g a phosphorus
sulfide, such as those described above, with an alcohol, such as those
described above. The thlophosphorus acid esters may be mono- or
d1t1'nophosphorus acid esters. Thiophosphorus acid esters are also
referred to generally as thiophosphoric acids.

In one embodiment, ~the phosphorus acid ester is a
monothiophosphoric acid ester or a monothiophosphate.
Monothiophosphates may be prepared by the reaction of a sulfur source
with a dihydrocarbyl phosphite. The sulfur source may for instarice be

elemental sulfur. The sulfur source may also be a monosulfide, such as a



A variety of mxtures of nonohydric fatty alcohols derived fromnaturally
occurring triglycerides and ranging in chain length of from{err] to

-15- (err] are available from Procter & Ganbl e Conpany. These m xtures
contain various amounts of fatty al cohols containing mainly 12, 14, 16, or
18 carbon atons. For exanple, CO 1214 is a fatty al cohol m xture containing
0.5% of C[err] alcohol, 66.0%of Clerr] alcohol, 26.0%of Cerr] alcohol
and 6.5%of Clerr] alcohol. Another groupléef commercially available

m xtures include the "Neodol" products avail able from Shell Chem cal Co.

For exanpl e, snéguioupled elefingia gufugicogplad dithisphosphate .aElestasitsl salfudol
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I nclude those avail able from Ashland Q| under the general trade
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chain al pha o).efi.n fraction of . CJerr]l-CJerr], and the latter_ is deriyved
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boron anti vve‘%(rgo r extrene rog:ssur e agent (O is a thigphosphorus acid ester
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or salt ther - tReahant p S Bigher) doctorm the, popattiprBasRRptSy reacting
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di t hi ophosph@ressace dgest ¢€3.is Ehiithintmsphosicaadid @sphosphomdititoic adid.r ed

to gener ally 'I%?e H‘Mgpri?osé%rﬁ%gccac%gin?asj be represented by the formula (RéO)zPSSH
wherein each Ry is independently a hydrocarbyl group containing- from
about 3 to about 30 carbon atoms, or up i:o about 18, or to about 12, or to
about 8. Examples Ry include isopropyl, isobutyl, n-butyl, sec-butyl, the
various amyl, n-hexyl, methylisobutyl carbinyl, heptyl, 2-ethylhexyl,
isooctyl, nohyl, behenyl, decyl, dodecyl, and tridecyl groups.
INustrative lower alkylphenyl Rg groups include butylphenyl, amylphenyl,
heptylphenyl, etc. Examples of mixtures of Rg groups include: 1-butyl
and 1-octyl; 1-pentyl and 2-ethyl-1-hexyl; isobutyl and n~-hexyl; isobutyl
and isoamyl; '2-propy1 and 2~-methyl-4-pentyl; isopropyl_ and sec-butyl;
and isopropyl and isooctyl.

In one embodiment, the dithiophosphoric acid may be reacted with an
epoxide or a glycol. This reaction product may be used alone, or further
reacted with a phosphorus acid, anhydride, or lower ester. The epoxide
is generally an aliphatic epoxide or a styrene oxide. Examples of useful
epoxides include ethy_lene oxide, propylene oxide, butene oxide, octene
oxide-., dodecene oxide, styrene 6xide, etc. Propylene oxide is preferred.
The glycols may be aliphatic 'glycpls having from 1 to about 12, or from

about 2 to about 6, or from 2 or 3 carbon atoms, or aromatic glycols.

Glycols include ethylene glycol, propylene glycol, catechol, resorcinol,



In one enbodinment, the phosphorus acid ester is a
nDnothlophosphorlc aci d ester or a nonothi ophosphate.

Monot hi ophosphat es may be prepared by the reaction of a sul fur source with
a di hydrocar byl phosphite. The sul fur source may for instance be el enental
sul fur. The sulfur source may al so be a nonosul fide, such as a - 16-

sul fur coupled olefin or a sulfur coupl egdithi ophosphate. Elenental sulfur
is a preferred sulfur source. The preparation of nonothi ophosphates is
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Monot hi ophosphates may al so med in a 1ubricant blend by addi ng a
di hydr ocar byphpiwus pbadgentscarad mebhodsabf wgacting diiet saome soedgseribgddnsul $ur
source, such as a sulfurized_ olefin. The rp’ggs‘{)hlte may react with the
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I n anot her enbodi nent, the rus or bqQron anti ar extrerre pressure

agent (C) i susefliltphodphosnseicid estérd.or phosphor odi t hi oi c acid. The
di t hi ophosphoric acid may be represented by the fornula (Rlerr]O[err]PSSH
wherein each R8 is independently a hﬁﬁfw 1 group containing from about

3 to about 30 car Sﬁ;éf : g)é)atg out
8. Exanples R8 i n??’gagﬁl soppgfﬁ | sob s$9is ﬁ‘iﬁd?atgec- éfa%'ﬁ:g Vg?l ous
anyl, n-hexyhs nmiditessabut sl cgﬁ:bmsylof hni)ﬁ)tbxyﬁrdmhw Oe®yBi(4-metitylyl:
nonyl , behenyl; decyl, dodecyl, and. tridecyl groups IlTustrative | ower
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| phosphorus, 15.2% by weight sulfur, and an acid number of 87
{bromophenol blue).
Example P-2

A mixture of 667 grams of phosphorus pentoxide and the reaction

product of 3514 grams of diisopropyl phosphorodithioic acid with 986 grams

- of propylene oxide at 50°C is heated at 85°C for 3 hours and filtered. The
filtrate contains 15.3% by weight phosphorus, 19.6% by weight sulfur, and
an acid number of 126 (bromophenol blue).

Acidic phosphoric. acid esters may be further reacféd with an amine
compound or metallic base to form an amine or metal salt. The salts may be
formed separately and then i:he salt of the phosphorus acid ester may be
added to the lubricating composition. Alternatively, the salts may also be
formed in situ when the acidic phosphorus acid ester is blended with other
components to form a fully formulated lubricating composition.

The amine salts of the phosphorus acid esters may be formed from
ammonia, or an amine, including monoamines and polyamines. The amines
may be primary amines, secondary amines or tertiary amines. Useful
amines include those amines disclosed in U.S. Patent 4,234,435 at Col. 21,



epoxi de or a glycol. This reaction product may be used al one, or further
reacted with a phosphorus acid, anhydride, or |lower ester. The epoxide is
generally an aliphatic epoxide or a styrene oxide. Exanples of useful

epoxi des i nclude ethyl ene oxi de, propyl ene oxide, butene oxide, octene

oxi de, dodecene oxide, styrene oxide, etc. Propylene oxide is preferred.
The gl ycols may be aliphatic glycols havi from1l to about 12, or from
about 2 to about 6, or from2 or 3 carbon atons, or aromatic glycols. '

d ycol s incl . , ¥ ERE . ok or gkl
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U S. patent 3,197,405 and U S. patent 3,544, 465. The foll ow tEx |l es P-1
and P-2 exenputylpmine, sebyamine oangdrdefacyiamine, Jipgthidamine, agq ¥ anmpl e

"1 Prosor s Bt (oSt ks Aty BysBhaoh] C Qiinaui,
pentyl) phospheiedhyhiraaes trlbepasathd)y meeagldiegdanihereéthyl- dibutylamine,

pentyl)-phosphorodithioic acid with 1.3 noles of propyl ene oxide at
25[err] C). Tk&m xture is heated at 75[err]C for 2.5 hours, nmixed with a

di at omaceous earth_and filtered.at 70 G- [ e ' %Ry
wei ght phosphorus&nlgpﬁ%eﬁye PSHE‘Q%"LH &J?,ﬂéﬁggaﬁééﬁedh%ﬁ%wgé é‘f&ﬁﬁ
(bromophenol JaliHed,; sEXRHR! 1oBe ZeprEbattedcpPitheGormur™s of phosphorus

pent oxi de and the reactlciETproduct of 3514 grans of diisopropyl

phosphor odi t hi oi ¢ acid wi {(R985,H arrﬁ'chfO)QHopyl ene oxide at 50[err]Cis .
heated at 85[err]C for rsang fillteyjed \The filtrate contains 15. 3% by
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wei ght phosphorus, 19.6%
wherein: Rgis a hydrocarbyl group generally containing from about 6 to
about 30 carbon atoms; Rj; is an alkylene group havmg from about two to
about twelvé carbon atoms, or an ethylene or propylene group; R;; is an
alkylene group containing up to about 5 carbon atoms; y is Zexro or one; .
and each z is independently a.number from zero to about 10, with the
proviso that at least one z is zero.

Useful hydroxyhydrocarbyl amines wherein y in the above formula
is zero include 2—hydroxyéthy1hexylamine; 2-hydroxyethyloctylamine;
2-hydroxyethylpentadecylamine; _2-hydroxyethyloley1amine;
Z—hydroxyethylsoyamine ; bis(2-hydroxyethyl ). hexylamine;
bis(2-hydroxyethyl) oleylamine; and mixtures thefeof. Also included are
the comparable members wherein in the above formula at least one x is at
leaét 2, as fbr example, 2-hydroxyethoxyethylhexylamine.

A number of hydroxyhydrocarbyl amines wherein y in the above
formula is zero are available from Akzo Chemical, under the general trade
designations "Ethomeen" and "Propomeen". Speéific examples of such
products include: Ethomeen C/15 which is an ethylene oxide condenéate
of a cocoamine containing about 5 moles of ethylene oxide; Ethomeen C/20

and C/25 which are ethylene oxide condensation products from cocoamine



an_ acid nunber of 126 (bromophenol bl ue). Acidic phosphoric acid esters may
be further reacted with an am ne conpound or netallic base to forman anine
or netal salt. The salts nay be fornmed separately and then the salt of the
phosphorus acid ester nmay be added to the |ubricating conposition.
Alternatively, the salts may also be fornmed in situ when the acidic
phosphorus acid ester is blended with oygﬁ{ conponents to forma fully
formul ated |ubricating conposition. The ine salts of the phosphorus aci d

esters may be el mde?o @1%@?1%“15%’!\0&5 oqgtﬁgie%%oﬂlagl Hg%ﬁ&rﬁgr%ga ffgri%p bary
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4,234,435 at Col. 21, -18- line 4 to Col. 27, line 50. The am nes have
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Commercially available examples of alkoxylated amines where y in the

above formula is one include Ethoduomeen T/13 and T/20 which are
ethylene oxide condensation products of N-tallowtrimethylenediamine
containing 3 and 10 moles of ethylene oxide per mole of diamine,
respectively.

The fatty diamines include mono- or dialkyl, symmetrical or

' asymmetrical ethylene diamines, propane diamines (1,2, or 1,3), and
polyamine analogs of the ab_ové. Suitable commercial fatty diamines are
Duomeen C (N-coco-1,3-diaminopropane}, Duomeen S
(N-soya-1,3-diaminopropane) ,DuomeenT (N ~tallow-1 r3—-diaminopropane),
and Duomeen O (N-oleyl-1,3-diaminopropane). “buomeens" are
commercially available from Armak Chemical Co., Chicago, Illinois. In one
embodiment, the secondary amines may be cyclic amines such as piperidine,
piperazine, fnorpho]ine, etc. _ '

The metal salts of the phosphorus acid esters may be prepared by
the reaction of a metal base with the phosphorus acid ester. The metal
base may be any metal compound capable of forming a metal salt. Examples
of metal bases include metal oxides, hydroxides, carbonates, sulfates,
bo;ates,, or the like. The metals of the metal base include Group IA, 1A,
IB through VIIB, and VIII metals (CAS version of the Periodic Table of the



is.zerd i ncl ude 2- hydroxyet hyl hexyl ami ne; "2- hydr oxyet hyl oct yl am ne;

2- hydr oxyet hyl pent adecyl am ne; 2-hydroxyet hyl ol eyl am ne; '

2- hydr oxyet hyl soyam ne; bis ( 2-hydroxyethyl) hexyl am ne;

bi s(2- hydroxyet hyl) ol eyl am ne; and m xtures thereof. Al so included are the
conpar abl e nenbers wherein in the above fornula at |east one x is at |east .
2, as for exanple, 2-hydroxyethoxyethy|hﬁéylanine. A nunber of

hydr oxyhydr ocar byl amines wherein y in tHe above fornmula is zero are
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formula is one.include Ethqduone /13 an /20 whi ch are ethylene oxide
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mol es of et hyh&Ne XA REAY. Mfartled 61 Midtal ' §itARKSPHOSBhYtes include zinc
isopropyi, methylamyl dithiophc_)sphate, zinc isopropyl isooctyl

dithiophosphate, barium di(nonyl) dithiophosphate, zinc di(cyclohexyl)
| dithiophosphate, zinc di(isobutyl) dithiophosphate, calcium di(hexyl)
dithiophosphate, zinc isobutyl isoamyl dithiophosphate, and zinc isopropyl
secondary-butyl dithiophosphate. _
The following Examples P-3 to P-6 exemplify the preparation
- of useful phosphorus acid ester salts.
Example P-3 .

A reaction vessel is charged with 217 grams of the filtrate from
Example P-1. A commercial aliphatic primary axhine (66 gréms) , having an -
average molecular weight of 191 in which the aliphatic radical is a mixture
of tertiary alkyl radicals containing from 11 to 14 carbon atom, is added
over a penod of 20 minutes at 25-60°C. The resulting product has a
phosphorus content of 10.2% by weight, a nitrogen content of 1.5% by
weight, and an acid number of 26.3.

Example P-4

The filtrate of Example P-2 (1752 grams) is mixed at 25-82°C with 764
.grams of the aliphatic primaiy amine used in of Example P-3. The resulting
product has 9.95% phosphorus, 2.72% nitrogen, and 12.6% sulfur.



The fatty diam nes i ncl ude nono- or dial kyl, symmetrical or asymmetri cal

et hyl ene di am nes, propane diamnes (1,2, or 1,3), and pol yam ne anal ogs of
t he above. Suitable comrercial fatty diam nes are Duoneen C :
(N-coco-1, 3-di am nopropane), Duoneen S (N-soya-1, 3-di am nopropane),
DuoneenT (N-tall ow 1, 3-di am nopropane), and Duoneen O :

(N-ol eyl -1, 3-di am nopr opane). "Duoneens;_are commercially avail able from
Armak Chemi cal Co., Chicago, Illinois. In"one enbodi nent, the secondar.y

am nes may be cyclic am nes such as @xgﬁ{pjlgilﬂg, pi perazi ne, norpholine,
etc. The netal salts of the phosphorus acCid esters may -be prepared by the
reaction of a netPhodpltorus péntdxide (@SR ranss)ais ddded @6 .2340gramsabf Hase may
be any netal conpound capable of forming a netal salt. Exanples of petal
bases i ncl udectybleoholiqyex, a pexiask pf Sshouxs oRhe demperaturedacreases: fom of
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hydr oxi de, copper oxide, etc. |In one enbodi nent, the phosphorus or boron
cont ai ni ng anumhen{phenglphthateip)essure agent (C) is a netal thiophosphate,
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oxide. The mixture is heated to 60-70°C under a pressure of 30 mm Hg;

The resulting product mixture is filtered using a diatomaceous earth. The
filtrate has 8.58% zinc and 7.03% phosphorus.
Example P-6 _

Phosphorus pentoxide (208 granis) is added to the product prepared
by reacting 280 grams of propylene oxide with 1184 grams of
0,0'-di—isobutylphosphorodithioic_ acid at 30-60°C. The addition is made
at a temperature of 50-60°C and the resulting mixture is then ‘heated to
80°C and held at that temperature for 2 hours. The commercial aliphatic
primary amine identified in Example P-3 (384 grams) is added to the
mixture, while the temperature is maintained in the range of 30-60°C. The
reaction mixture is filtered through diatomaceous earth. The filtrate has
9.31% phospﬁorus, 11.37% sulfur, 2.50% nitrogen, and a base number of 6.9
(bromophenol blue indicato:_r) . _

In another embodiment-, the phosphorus or boron antiwear or extreme
pressure agent (C) is a metal salt of (a) at least one dithiophosphoric acid
and (b) at least one aliphatic or alicyclic carboxylic acid. The
di'thiophosphor.ic acids are described. above. The carboxylic acid may be

a monocarboxylic or polycarboxylic acid, usually containing from 1 to about



dlthlophosphate bari um di (nonyl) dithiophosphate, zinc di(cycl ohexyl)

di't hi ophosphat e, zinc di(isobutyl) dithi ophosphate, cal ci um di (hexyl)

di t hi ophosphate, zinc isobutyl isoanyl dithiophosphate, and zinc isopropyl
secondary-butyl dithiophosphate. The foll ow ng Exanples P-3 to P-6
exenplify the preparation of useful phosphorus acid ester salts. Exanple
P-3 A reaction vessel is charged with Zﬁé grans of the filtrate from
Exanpl e P-1. A conmerci al allphatlc pri %y anmne (66 grams), having an
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Borrs 6'5I'Fe tabmmc A?uprteahwtéasos fromrabous 6 we hp abaut P cashen pEomad AnAnfed
el ow err ter the . additjon is co e .the.rea n X

heated to 90%'@???‘@%(1 nést Y2 IRO8P, ITST%*E g ach 1“% ‘%lhgeh%qﬁ lr)sllll&'%o&é
D at omaceous,, ﬁﬁf ¢S 3ERHCID t BetaHolé U Shondidid,Ne detaheoics | Bodéddried.
The filtrate has 12 ‘4% phosphorus, a 192 acid neutralization nunber

( br omophenol odtodetansid and€i¢osancic racids abs »all as olefinicraqigs svehpa Al n) .

linoleic, and linolenic acids and linoleic acid dimer. A preferred carboxylic

acid is 2-ethylhexanoic acid.

The metal salts may be prepared by merely blending a metal salt 'of
a dithibphosphoric acid with a metal salt of a carboxylic acid in the desired
ratio. The ratio of equivaléents of dithiophosphoric acid to carboxylic acid
is from about 0.5 up to about 400 to 1. The ratio may be from 0.5 up to
about 200, or up to about 100, or up to about 50, or up to about 20 to 1.
In one embodiment, the ratio is from 0.5 up to about 4.5 to one, or about
2.5 up to about 4.25 to one. For this purpose, the equivalent weight of a
dithiophosphoric acid is its molecular weight divided by the number of
-PSSH groups therein, and the equivalent weight of a carb_oxylic acidisits
molecular weight divided by the number of carboxy groui)s therein.

A second and preferred method for preparing the metal salts useful
in this invention is to prepare a mixture of the acids in the desired ratio,
such as thosé described above for the metal salts of the individual metal
salts, apd to react the acid mixture with one of the above described metal
compounds. When this method of preparation is used, it is frequently
possible to prépare a salt containing an excess of metall with respect to the
number of equivalents of acid present; thus the metal salts may contain as
many as 2 equivalents and especially ﬁp to about 1.5 equivalents of Imetal

per equivalent of acid may be prepared. The equivalent of a metal for this



The above filtrate is nixed-with 200 grans of toluene, 130 grans of m neral
oil, 1 gramof acetic acid, 10 grans of water and 45 grans of zinc oxide.
The m xture is heated to 60-70C under a pressure of 30 mm Hg. The resulting
product mxture is filtered using a di atomaceous earth. The filtrate has
8.58% zi nc and 7. 03% phosphorus. Exanpl € P-6 Phosphorus pentoxi de (208
grans) is added to the product prepared By_reacting 280 grans of propylene
oxide with 1184 grans of O O -di-i sobutyl phosphorodithioic acid at

30-60[ err] sl Bmic WERGR A LiieBce! PheGRPerhag: t he-
resulting mXxtu gs?gsd% e%aﬂggt ed ?%%%%i?g??f%%fdaﬁelg at ?hagn%{ enperature

for 2 hours. whith ¢chemestal ahltal ageghprepaned isagsnanillycbetnheen dbewut 30° ©andl e
P-3 (384 grans) is_added to the mxture, while the tenperature

mai nt ai ned i APPRE1FAKgeoHPPI0-arnut 12ReCr cHeBt BAtIRLEALAES 11941304 %:4@3'??9 ough
di at .. ' 9 3 40 | . 50%
i trogen. - andeatsie pkafedutdd Brpntacha M ART BANS andlaiddiths drfiified’ 0

enbodi nent, bhexpnpiddhof sackhimdtal saltant i wear or extrene pressure agent (C)
is a netal salt of (a) at |east one dithiophosphoric acid and (b) at |east

one aliphatic or Znianptherembodigent; thephesphorys ofitorpp SABEHAMIT NBWEHS ar e
d i bed ab | ] i . is .
bol ycar boxy | Bt extrgiie BRCAURY dderdic), S pREehy BT A PRiikfe flay pea dic,

one carboxyl bg aeiHydroesibyll vhdbphity.r edGeaehdlly, | €achCiltgdicarbbsgréuyi ng
the fornmul a  R12COOH, wherein Rlerr] is an aliphatic or alicyclic

hydr ocar byl #prdepensdently hes fromdeup tonakauti3d, «on Eromabewy atiRvke akpuat 1B,

general ly contains f bout to Qut . 40 N rpﬁ?@& bout

24, or to up°5b“}R1t%° fégg}égbc gﬁo%msl'n%%n e‘é%o%fd%’r%%gl,% er ;é%régg?%%ﬁggf rom

about 4 up tgnARAet pEepyl’ bl Hesyl, thejityl O creplt ofeyt Arlbedlepl 0 Bkearyl, ONe
phenyl, naphthyl, heptylphenol, and. mixtures of two or more of thereof.

In one embodiment, each hydrocarliyl group is independently propyl,
butyl, pentyl, hexyl, heptyl, oleyl, or phenyl. Phosphites and their
preparation are known and many phosphites are available commercially.
Particularly useful phosphites are dibutyl phosphite, trioleyl phosphite
and triphenyl phosphite. .

In one embodiment, the phosphorus or boron containing antiwear or
extreme pressure agent (C) is a phosphorus-containing amide. Phosphorus
containing amides may be prepared by the reaction of one of the above
describe phosphorus acids, preferably a dithiophosphoric acid, with anone
of the above described unsaturated amides. The reaction product of the
.phosphOrus acid and the unsaturated amide may be further reacted with a
linking or a coupling compound, such as formaldehyde or
paraformaldehyde.. Phosphorus containing amides are known in the art and

- are disclosed in U.S. Patents 4,670,169, 4,770,807, and 4,876,374.

In one embodiment, the phosphorus or boron antiwear or extreme
pressure agent (C) is a phosphorus containing carboxylic . ester.
Phosphorus containing carboxylic esters may be prepared by reaction of

- one of the above-described phosphorus acids, preferably a dithiophos—

‘phoric acid, and one of the above described unsaturated carboxylic acids



enbodi&%nt, Rlerr] is an al kyl group. Suitable acids include the butanoic,
pent anoi ¢, hexanoi c, octanoic, nonanoi c, decanoic, dodecanoic, octodecanoic
and eicosanoic acids, as well as olefinic acids such as oleic, linoleic,
and linolenic acids and linoleic acid dinmer. A preferred carboxylic acid is
2- et hyl hexanoi c acid. The netal salts nmay be prepared by nmerely blending a
metal salt of a dithiophosphoric acid wihbl.a metal salt of a carboxylic
acid in the desired ratio. The ratio of equival ents of dithiophosphoric

acid to car bamégi:@rsackfiaic%rsbﬂgne%m'iQuéeHE the €2t na$OherPbd £ Inlﬂsdggﬁ i 0
may be fromO0.5 up to about 200, or up to about 100, of up to agout , or
up to about sebseguent|reashioneod the phosphotie aciiFonsatufrated @atbaoxylio aslibut

4.5 to one, 0or.about.2.5 to about 4.25 to one. For this purpose, the
equi val ent vBPGREE Ufthaardiakl‘prﬂhé’ghﬁgﬁﬁcﬂsi thase; describedhergine y| ar wei ght

di vided by the nufipghe @mbodimhe) @i&PSh b, fmﬂi diHiua! | ght  of
a carboxylic acid is ?ts nol ecu‘ﬁar vvel%ggr%?{ i\%io ed or{/lhf‘ohrg nurrgearﬁﬁg g%lar oxy
groups t her eextremespreastireagept of@) isd reachion produyrteyfas iplgspherugtaeid sal t s

useful in this invention is o prepare a mixture of the acids in the.
desired rati Brefsaehf}ag ﬂHggﬁﬂ%&‘&‘Pﬁgﬁ@@d&b@%@ opgroft the akqvg dsseribedivinyk

i ndi vi dual ngfyssalts, and to react the acid m xture with one of the above
descri bed netal conmpounds. Wen this nmethod of preparation is used, it is

frequently possi bImahotherepdodiment, theqhisphoirlg o bofxt eostadhintEirtiwgart h
respect to the nunber of eagfifval ents of acid _present; thus the nmetal salts

may contain %5 SRFSME PTeSSUTE \Rdedht CChig ans 3kali matal, porateshoAdkali snetal

equi val ent s ' ' r The. equi val ent
of s met al - aordipy dretngs oy PhpRtah st ARalHHHRN BEra b i S
val ence. Thekhewpenathe ariat Aldkiatihmetsl boriasés sndludeahixed Skalicshd a1ganes al |y

bet ween about 30[err]C and about 150[err]C, oruptoabout 125[err]C U.S.
Pat ent s4, 3088 d‘pﬁt,gl heratgge These alkali metal borates are available commercially.

Representative patents disclosing suitable alkali metal borates and their
methods of man_ufacture include U.S. 3,997,454; 3,819,521; 3,853,772;
3,907,601; 3,997,454; and 4,089,790.

In another embodiment, the phosphorus or borpn containing antiwear
or extreme pressure agent (C) is a borated overbased metal salt. Borated
overbased compounds are generally prepared by reacting an overbased
metal salt, such as a carbonated overbased metal salt with a boron
-compound. The boron compounds include boron oxides, boron acids, boric
acid, boron anhydrides, boron amides and various borate esters, such as
mono-, di-, and tri-organic esters of boric acid with alcohols or phenols.
Preferred borate esters are those derived from alcohols having less than
about 8 carbon atoms;

The overbased metal salts include basic salts (i.e., overbased salts)
of alkali or alkaline earth metals with sulfonic acids, carboxylic acids,
phenols or organic phosphorus acids. The phosphorus acids include those
prepared by the treatment of a polyalkene with a phosphorizing agent,
such as phosphorus pentasulfide. The most commonly used metals are
sodium, potassium, lithium, calcium, and magnesium. The term "basic salt"

is used to designate metal salts wherein the metal is present in



descri be procedures for preparing these netal salts and di scl ose a nunber
of  exanpl es of such netal salts. In another enbodi nent, the phosphorus or
boron containing antiwear or extreme pressure agent (C) is a phosphite. The
phosphite may be a di-, or trihydrocarbyl phosphite. Generally, each
hydr ocar byl group independently has from 1 up to about 24, or from about 2
up to about 18, or up to about 8 carbon_gdons. Exanples of specific
hydr ocar.byl groups include propyl, butyl, hexyl, heptyl, octyl, oleyl,
| i nol eyl, St&@@ﬂi mEely 1880 Ridounks PGNP RRE drgaiél ddid! radigaRl e or
- more of thereol. Th one enbodi nent, each hydrocarbyl group is independently

propyl , but ydverpased salthang horated pverhdsed salty anerprapare@hysprans kngwa
t hei.r preparation are known and na sphjtes are avail able commercially.
Parti cul ar | yto 95§ IhkBE FFFt eg'xSF‘@T%/ﬂ nga%gﬁﬁﬁﬁed?p?rgpgypaﬁ u‘s'%]h e
and tripheny},nhogPiieebasdt O86aiGMP Ok FEnzena® Sifsiiite] Usoliuk Oboated
contai ning antiwear or extrene pressuré agent (C) is a phosphorus
cont ai ni ng agRreidasPAopplybutengbn(Mn+850) subsdtitutesl dvecnatpar eddbporated
reaction of one of the above descri be phosphorus acids, preferably a
di t hi ophosph@??r@aééﬁd?a%%shu‘&rﬁlbﬁg’%‘?e?ﬁéuiﬁ&&@ée'descri bed unsat ur at ed
am des. The react pon -t ekl g bUErhlRaNIAE indtiods Y hauifig RS Baltsrke

ed w alinking ‘or a

am de may be further reac coupling conpound,

such as fogdmpetadntee fopr making othe| sy dinclu@soihisor (Ratents a2 jH0ig73ki des
are known in the art and are disclosed in U S. Patents 4,670

169
4,770, 807, addlh,8Ys, 37277 814pnd 38A1RE%: ndniZ0 A6 $hd8878h angd gb@%goﬁog-

antiwear or gxt I (O 2 1S . el

car oyl i o cBPET OBz BARH EoffERhiont 1hiBeRig RRBLUERI LAl the same
by reaction ghdGréthelst s pabparingcisedatde byvirbapdd rasmpasitiions [aref foumid in a
di t hi ophos- phoric acid, and one of the above described unsaturated

car boxylic abi.8s Patents 4,744,920, 4,792,410, and PCT publication WO 88/03144.

In another embodiment, the phosphorus or boron antiwear or extreme
pressure agent (C) is a borated fatty amine. Borated amines may be
prepared by reacting one or more of the above boron compounds, such as
boric acid or borate ester, with a fatty amine, e.g. an amine having from
about four to about eighteen carbon atoms. Borated fatty amines may be
prepared by reacting the amine with the boron compound at about 50°_C to
about 300°C, preferably about 100°C to about 250°C, and at a ratio of 3:1
to 1:3 equivalents of amine to equivalents of boron compound.

In another embodiment, the phosphorus or boron containing antiwear
or .extreme pressure agent (C) is a borated epoxide. Borated fatty
epoxides are generally i‘:he reaction products of one or more of the above
boron compoimds, with at least one epoxide. The epoxide is generally an
aliphatic epoxide having at least 8, or at least about 10, or at least about
12, up to about 24, or up to about 20 carbon atoms. Examples of.useful
aliphatic epdxides include heptyl oxide, octyl o_xide, steéryl oxide, oleyl
oxide and the like. Mixtures of epoxides may also be used ’ for instance
coﬁunercial mixtures of epoxides having from abouf 14 to about 16 carbon

atoms and from about 14 to about 18 carbon atoms. The borated fatty



-24- of esters. If a carboxylic acid is used, the .ester may then be fornmed
by subsequent reaction of the phosphoric acid-unsaturated carboxylic acid
adduct- wi th an al cohol, such as those described herein. In one enbodi nent,
t he phosphorus or boron containing anti wear or extrene pressure agent (C)
Is a reaction product of a phosphorus acid, preferably a dithiophosphoric
acid, and one of the above described vinyf.ethers. In another enbodi nent,

t he phosphorus or boron containing antiwear or extrene pressure agent (C)
's an alkalig -ﬁésQPé@Eﬁ MK Rhbwibirid 2l BHAESsed B UesePatdnt 45840118 ed
particul ate al1 netal g%ra e which are known in the art. Alkali netal
bor at es i ncl ude nirxabthkek ambodirent,thleiphosphoirus aebatorbcontainingpndiweay kal i

Sui L able. al KON EXFERIE BARSEES SHERY 16 Yhed (RUSIET MRORRRRIENfe | REFARS U, S
3, 997, 454, N - - - . :
| éﬁﬁtﬁﬁﬁ?ﬂ% n%%gbseg %&p&eﬁ@%ﬁ%m?g 8 2émbRibtici ¢k 4 pH8SpHSRpid N

anot her enbo orus or ‘boron contal ning antiwear or extreme
pressure agemid @Goroa campouatic dOptrionallye theepmbisation mByrinchiiecar avined
conpounds are general |ly prepared by reacting an overbased nmetal salt.. such
as a car bona@®@cylatpg RiLEPIAN S?mB%‘Fl?dwsPﬁhaP%SF?ﬁP%Hﬁ%‘ﬁ‘h‘bt? qft;:‘éa%lﬂwc
conpounds i nglude .har i Yo Ci bifc dsteh, DR hstRéctidfies.,
boron am desg%rr%gt\}ggi%ﬁoﬁgoﬁﬁgg'sﬂgﬁrgg%no- ,, di-, and tri-organic
esters of bopredwstisdofv ddrbakeliboharydatinbengents Rndl alcoindldh ared eopdiorelly ar e

those derived from al cohol s having | ess than about 8 cagg%gn at ons_ q'g\e
over based negminesala Mappigh peaqhion pradunely qn a hasic oy PP galt ofran

al kal'i or al kaling S 44 i ' & ¥d 48 pRbLSBa—
phenol s or ofgani ¢ p oépﬁ@r urgél'aé:‘iM tssghéﬁ%{(%}ospﬁor Us acl gs el ude those
prepared by tiaestandaphoespholipinspaayabkeatural dr sypthetitho Natunallpglexived uch
as phosphorus pentasul fide. The nost commonly used netals are sodium

potassi um | PhaseigliridsdnghiderHepseaderdyed Hrompdsh o figh  ofly sheldfishy bovine

brain, chicken eggs, sunflowers, soybean, corn, and cottonseed. Phos-

— by

pholipids may be derived from microorganisms, including blue-green algae,
green algae, and bacteria.

The reaction of the phospholipid, the boron compound, and the
optional components usually occurs at a temperature from about 60°C, or
about 90°C up to about 200°C, up to about 150°C. The reaction is typically
accomplished in about 0.5, or about 2 up to about 10 hours. Generally,
from one equivalent to about three equivaleﬁts of the phospholipid are'
reacted with each boron atom of the boron compound. An equivalent of
phospho]ipid is determined by the number of phosphorus atoms in the.
phospholipid. The equivalent of boron compound is determined by the
number of boron atoms in the boron compo_gnd. When the combination
includes additional components, one atom of -th.e boron compound is reacted
with from one to about three equivalents of the combination. The
equivalents of the combination is determined by the total equivalents of the
phospholipid aﬁd the additional component.

Lubricants



is used to designate nmetal salts wherein the metal is present in - 25-
stoichionetrically |arger anounts than the organic acid radical. The

over based salts and borated overbased salts are prepared by neans known to
those in the art. Exanples of borated overbased conpounds include borated
over based sodi um al kyl benzene sul fonate, sodi um borated overbased

pol ybut enyl (M1=950) substituted succinatsg, and borated overbased magnesi um
al kyl benzene sul fonate. Patents describing overbased salts, nethods of

maki ng the salts t ; Ki S8 'y WdaithiScarbaniitt S
2,501, 731; 2,616, 11;‘&%, 7, 7%151%5%@ SﬂBag E%,E%ZO, 1?2%3%%&210;% and ¢
3,629, 109. Bevmpednd\&)mstdn ovgpnii palgsalfidelPBi) dsusaefnldnipbricants wheoat ai n
t he sane and net hods of preparing_borated overbased conpositions are found

in U S Pateftheycamfugogon prigwrilypas Antivesar ,, ghiweld; fxtFemgspresswre, | n
anot her enbod] 1 . f s e
agent (O 1 ptERFodd, RARSRIGING Shay Shicfich HEkyfla SHCAGET THEP BUk
reacti ng one b enplogedfintdearibty of hibxitantypassdion divelseisildof lubricatingr
~borate ester, with a fatty am ne, e.g._an am ne_havi ng from about four to

about ei ght eafiseqsitioningleding patural i sypthehie dubrgptipg pile gatemiptures
ti th ] ' [
by of er anl y. atHAFSFoo ke (BpEtanSs SACRA ralu 8 Huppltariny B8 Yor Hihks |

equi val ent s @gnietinehd @ofpitbsdibRAighitId Dte?fial ebmbuBtion! éngihekhdncluding
enbodi ment, the phosphorus or boron containing antiwear or extreme pressure

agent (O) i s antpwebileandouck engiasattwe-rrcleengings daviation pisken enginespe
ti duct.s_of - ft ' t,
| east | one. epdtiite Shadafisiha Bhéct Spaics, At SO BRT EREP U e b bhcBin

| east 8, or ajad edYin@d)OUitaliGnaby PbwbeashgiegUand2 tudBirled AM@!I1the4 liky. up
to about 20 carbon atons. Exanples of useful

Automatic or manual transmission fluids, transaxle lubricants, gear

lubricants, including open and enclosed gear lubricants, tractor
lubricants, metal-working lubricants, hydraulic fluids and other
lubricating oil and grease compositions can ' also benefit from the
incorporation therein of the compositions of the present in(renﬁon. They
may also be used in lubricants for wirerope, walking cam, way, rock drill,
chain and conveyor belt, worm gear, bearing, and rail and flange
applications.

The combination of the dithiocarbamate containing compound and the
organic polysulfide may be used in lubricants or in Eoncentrates. A
concentrate may contain the combination or 'other components used in
preparing fully formulated lubricants. A concentrate generally also
contains a sﬁbstantially inert organic diluent, which may be selected from
kerosené, mineral distillates, or one or more of the oils of lubricating
viscosity discussed below. In one embodiment, the concentrates contain .
from about 0.01%, or from about 0.1%, or from about 1% up to about 70% or
up to about 80%, even up to about 90% by weight of the combination.

The dithiocarbamate compouhd (A) and the organic polysulfide (B)

may be present in a final product, blend, or concentrate in any amount



al i phatic epoxides include heptyl oxide, octyl oxide, stearyl oxide, oleyl
oxide and the like. Mxtures of epoxides may al so be used, for instance
comrerci al m xtures of epoxides having fromabout 14 to about 16 carbon
atons and from about 14 to about 18 carbon atons. The borated fatty - 26-
epoxi des are generally known and are disclosed in U S. Patent 4,584,115. In
anot her enbodi nent’, the phosphorus or bor2 n containing anti wear or extrene
pressure agent (C) is a borated phospholi BTd. Bor at ed phosphol i pi ds nay be
prepared by r .| ' ' f anﬁ phal 4 /Ri nd.
Optional |y, ?ﬁgg%ggr;%?%actgggﬁwm%h%c ﬂ@gl an gmgg’é’/gg% acy %P(ggg%‘fg en
conpound, Sugh Rfbri€REhd OkomMbositidis.0f Gahbfally | eh&cCeympbhagtsagard Seadi
pol yam nes, a carboxylic ester, such as reaction products of car boxgl iC
acryl ating aguiependeutlyl preasind immthe jubrigating comprsition inpamiampurdabiqmn
product, or a basj r neutral tal..salt of r I C '
produot, O AbdaSh ! Moo §lass b e Sok B30 CoPblch SRARESLe
may be. nat ur g4 aBbus Y04 N6t up td\abortbt bydlRkigitd  phemne ahbddifient pWhelethdose
derived fromfish, fish oil, shellfish, bovine brain, chicken eggs,
sunf | ower s, . sopbenentscanenysedt dn odis, Fusheds graD silsp HbeyHArgseanty preferably ed
from m croorgani s I ncl udi bl ue- qr al gae re al gae, and cLeria.
The reaction B?S?ﬁghﬁb?ﬂ?l‘b?{r] o gl??{'g: @%%C)r?rgﬁ%(?%ﬁ&?qﬁhaggﬁ%m(?%f)flgﬁaﬁg |
conponents uggatd )Sb@ﬁf"&%s Gt ug teBRe By lﬁé?ﬁf‘b@ﬁiéolﬁbz@éﬁiﬁﬁé]&mﬁsiﬁbﬁut
90[err] C up to about 20 ['err] . up to ‘about 150[err] C. The reaction is
t ypi cal | y acuinepl thehdithiocazbawate)campound jand: the enganic potysulfigiehang ysed
General ly, from ope uival ent. to _about . three uival ents of the
phosphol | pi (LMY RauBR e ison e APR crash Srasreliy preeert, B AmGime oo
equi val ent  ohy,ghes NG I&ﬂoh%@.ﬁ%wmb&ﬂ@%%m? tOAbHROEPBY W gRt OB
oun

I n the phosphol i pi d. the equi val ent of boron conp Is determ ned by the
- of the hydraulic fluid. . : )

o

In one embodiment, the lubricating composition contains less than

about 2%, or less than about 1.5%, or less than about 1.0%, or less than

| about 0.5% by weight of reaction product of a polyisobutenyl substituted

succinic anhydride and a polyalkylene polyamine. In another embodiment,

the lubricating compositions, such as gear lubricants, contain less than 2%,

- or less than 1.5%, or less than 1% by weight of a dispersant, such as those

described.hereih. The dispersants may include carboxylic dispersants,

amine dispersants, Mannich dispersants, post-treated dispersants and
polymeric dispersants. -

The lubricating compositions and methods of this invention may
employ an oil of lubricating viscosity, including natural or synthetic
lubricating <'>i]s and mixtures thereof. Natural oils include animal oils,
vegetable oils, mineral lubricating oils, and solvent or acid treated mineral
oils. Synthetic lubricating oils include hydrocarbon oils (polyalpha-
olefins), halo-substituted hydrocarbon oils, alkylene oxide polymers,
esters of dicarboxylic acids and polyols, esters of phosphorus—-containing
acids, polymeric tetrahydrofurans and silicon-based oils.. Unrefined,

refined, and rerefined oils, either natural or synthetic, may be used in the



nupber ‘of boron atons in the boron conpound. Wen the comnbination includes
addi ti onal conponents, one atom of the boron conpound is reacted with from
one to about three equivalents of the conbination. The equival ents of the
conmbination is determ ned by the total equivalents of the phospholipid and
t he additional conponent. Lubricants -27- As previously indicated, the
conbi nation of a dithiocarbanate corrpoun_cﬁg(_A) and an organi c pol ysul fide
(B) is useful in lubricants where they can function prinmarily as antiwear,
antiwel d, ex r ' 1 ' QXL ' %ﬁdé gt 1 on
modi fyi ng agtgéit?lg.ss oglésdgat%ebg%ﬁg?%e t?é\h'aq?/ghgﬁjgﬁgp q#u ri cﬂ%@%ﬁ%‘% on
di verse oi | s vigcdsityrocahrsdn viJss o Bdtgnt 14)68208189 (edumna 2, alite S7nthedugh
| ubricating oils and mi xtures thereof. These lubricants include crankcase
| ubricating &piumn gy liNeab¥k- INIWSIVEA- and conpression-ignited internal
conmbusti on engi ne |.NC | t s . ' , -

$n. ddfeComitb Aihelt ARYi ¢ ﬂlbgnlrzéatﬁ% vibeasity e?rt VRGHGHE of

engi nes, aviation piston englines, narine an oa engi nes, and

the like. Thejlsoflubtisstihe visedityrargatlaited 16 prosideilubpivayinOsRipaitons s
and turbines and the |like. Automatic or manual transm ssion fl uids,

transax| e | ubfitl adkinematde vigaositycefrmtdeastahawtih § cSbe or 2k deast abevt ¢-Q 68t
| ubricants, t | ' . | - Ki Lubri . | | id
and other | uBF D80 ng e iiPordbd. thRISEIRRLAY CORBLALCIENANE ph sl e
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may al so be used in lubricants for wi rerope, wal king cam way, rock drill,
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may include a viscosity improver which is formulated with the oil of

- lubricating viscosity to provide the above lubricant grades. Useful
viscosity improvers include but are not limited to polyolefiné, such as

. ethylene-propyvlene copolyxﬁers_, or polybutylene .rubbers, including
hydrogenated rubbers, such as styrene-butadiene or styrene-isoprene:
rubbers; or poly;':icrylates, including polymethacrylates. Preferably .the

- viscosity improver is a polyolefin or polymethacrylate, more preferably
polymethacrylate. Viscosity improvers available commercially include
Acryloid™ viscosity improvers available from Rohm & Haas; Shellvis™
rubbers available from Shell Chemical; and Lubrizol 3174 available from The
Lubrizol Corporation. ! .
In another embodiment, the oil of lubricating viscosity is selected to

. provide lubricating compositions for crankcase applications, such as for
. gasoline and. diesel engines. Typically, the_ lubricating compositions are
selected to provide an SAE crankcase viscos;ty nunibe_r of 10w, 20W, or 30W
lubricants. The lubricating composition may also have a so called multi-
grade rating such as SAE 5W-30, 10wW-30, 10W-40, 20W-50, etc. As
described above, multi-grade lubricants include a viscosity improver which
is formulated with the oil of lubricating viscosity to provide the above

lubricant grades.



concentrate may contain the conbination or other conponents used in

. preparing fully fornmulated | ubricants. A concentrate generally al so
contains a substantially inert organic diluent, which nay be selected from
kerosene, mineral distillates, or one or nore of the oils of lubricating
viscosity discussed below. In one enbodi nent, the concentrates contain from
about 0.01% or fromabout 0.1% or fromggbout 1% up to about 70%or up to
about 80% even up to about 90% by wei ght of the conbination. The

di t hi ocar bamat e Cu%ﬁ‘f‘ﬁ\%dﬁﬁ)zeénd the organic polysulfide (B) may be present
in a final products brend, or concentrate in any anount -28- effective
to act as an anti Wherinventionalso cantbhplatest themese of sthercaddjitivesi together

| ubricating conpositions,  Generally the conponents are each independently
present in tWih (e cambinption,9fspt AYRIeGRrRAMALe CAMRPHRA a?cw{]ta‘b. PoPIG,

from about 0 él%su?fid&.r OMsARAULaittvas Hnclidd? 3RV bxhrfpld, td’et@??&ﬁtsl%d or
up to about g oby welrght. 1 n one enbodi nent, en t'he conponenis are used
in oils, sucHlispergants,Oidosrodibny ané erxidativneirhibitingpagentd, ipowan pointint
from about 0.5% or from about 1% or from about-1.5% up to about 8% or up
to 5% by wePgRressinghagenis,| extiane FAESATe jagenten ANHWeAT i agenit ar ARt €
conpound and . ' fi re used in hydraulic fluids, they are
each gener al P%%é%ﬁ&ﬁr&?ﬁg#hofﬁgag’om about 0.01% or from about 0.3% up

to about 2% or uprHeddetesgéntiare\exeirlifiedby blestiyblanbutral briddbasitsalts
enbodi nent, the lubricating composition contains |ess than about 2% or

| ess t han abéire. oveybased salis) ehalkaling alkalinepasth metals with sulenic acids, py

wei ght of reaction.product ol yis t enyl [ t I ni
anhydri de an&aﬁbw I Séngkﬁﬁ?yaﬂ#(nogg%c 2’%‘&5 ﬁiéi??%érrb‘%gd‘? érjfe%{gﬁt %’ecthose
lubricating gespabblliabdve. SRS ofiSslfble heltral 81 basicifitofalkaloridIRALRS0 OF

|l ess than 1.5% or |less than 1% by wei ght of a dispersant, such as those
: earth metal salts may also be reacted with a boron compound. ' Boron

compounds are described above. The overbased and borated overbased
metal salts are described above.
' ‘Dispersants are known in the art and the following are illustrative.
(1) n Carbbxy]ic dispersants” - are the reaction products of
carboxylic acids (or derivatives thereof) containing at least about 34 or at
least about 54 carbon atoms and nitrogen containing éompounds (such as
amine), organic hydroxy compounds (such as phenols and alcohols),
and/or basic inorganic materials. These reaction produci_:s include imide,
amide, and ester reaction products of carboxylic acylatlhg agents. The
carboxylic dispersants are generally prepared by reacting one or more of
hydrocarbyl substituted carboxylic acylating agent with an amine, such as
a polyethylehepolyamine, or hydroxy containing compound such as an
alcohol. The hydrocarbyl group may be derived from a polyalkene having
a number average molecular weight from about 800 up to about 5000, or up .
to about 2500. Examples of these materials include succinimide dispersants
~and carboxylic ester dispersants. Examples of these "carboxylic dispers-
ants" are described in British Patent 1,306,529 and in many U.S. Patents
including the following: 3,219,666, '3,316,177, 3,340,281, 3,351,552,



descri bed herein. The dispersants may include carboxylic dispersants, am ne
di spersants, Mannich dispersants, post-treated dispersants and pol yneric

di spersants. The lubricating conpositions and nmethods of this invention may
enploy an oil of lubricating viscosity, including natural or synthetic

| ubricating oils and m xtures thereof. Natural oils include animal oils,
vegetable oils, mneral lubricating oilsz;-and solvent or acid treated
mneral oils. Synthetic lubricating oils include hydrocarbon oils

(pol yal pha- 30bef jo22) . 3ha3D7aubst3, uud agohydr,acp/eee) 3,561 ,405kY 3% B42 pes0ge

pol yrer s, esters of di car boxylic "aci'ds and polyols ésters of

phosphor us- 605?®Jmang3£532d511.p04,)23§ﬂ35:t @ndaRg @6¢437.ans and sil i con- based
oils. Unrefined, refl ed, rerefined ojls, either tur al nthetlc
mmy be used in tHA) H5Ene iamsEErscans the, Sertaats prORHGEn F SRSV
description 19% %&ﬁc&hlw&g eaﬁbﬁsuwo'mfdytcﬁcme% a;m&m%esPagmérably
4,582,618 (colu , Iitne 37 through colum 3, line 63, |ncIu3|ve) I n one
embodi ment , gdipalikylens sabstitutet pa}yambeess.i Ey:amples thereof erefdescribeds for

| ubricating vi sc05|t are selected to Frow de lubricati n CONPOSI % % s wth
2 i pomai ¢ &8s 1 it 2 Followipgdy- S Batentst 147554 1 4PRel ohdat B oS
at 100[err] %eag,pbodl ment, the lubricating conpositions have an SAE
gear Vi scosi mbér of at |east about SAE 65, or at |east about SAE 75.

The | ubricating c@)postMammichaydispepsdrete® aarso- tiae | edactidn i grzoiinatat i ofg

such as SAE 75W 80, 75W 90, - 75W 90, or 80W 90. %rslde Iubrlcants may
i ncl ude a v@ébﬂ@@%ﬁ?&?&@eﬂm}% W%P%%Famal%}w [FRd,pmings (espe-

| ub t d
Vi scos ty D reigosting bindbtdele L BGKB AL GGRu o> Tk faberials
et hyl ene- pr ajasceibed anotherdoHowinig 10l b WRateate arebiitstratinet uds 036,003,

hydr ogenat ed rubbers, such as styrene-butadi ene or styrene-isoprene
: 3,236,770, 3,414,347, 3,448,047, 3,461,172, 3,539 ,633, 3,586,629,

3,591,598, 3,634,515, 3,725,480, 3,726,882, and 3,980,569.

(4) T"Post-treated dispersants” are the products obtained by
post-treating the carboxylic, amine or Mannich dispersants with reagents
such as urea, thiourea, carbon disulfide, aldehydes, ketones, carboxylic
acids, hydrocarbon-substituted succinic anhydrides, nitriles, epoxides,
boron compounds, phosphorus compounds or thelike. Exemplary materials
of this kind are described in the following U.S. Patents: 3,200,107,
3,282,955, 3,367,943, 3,513,093, 3,639,242, 3,649,659, 3,442,808,

.. 3,455,832, 3,579,450, 3,600,372, 3,702,757,and 3,708,422.

(5) "Polymeric dispersants" are interpolymers of oil-solubilizing
monomers such as decyl methacrylate, vinyl decyl ether and high molecular
weight olefiris with monomers containing polar substituénts, e.g.,
aminoalkyl acrylates or acrylamides and poly-(oxyethylene)-substituted
acrylates. Polymeric dispersants include esters of styrene-maleic
anhydride copolymers. Examples thereof are disclosed in the following
U.S. Patents:’ 3,329,658, 3,449,250, 3,519,656, 3,666,730, 3,687,849, and
3,702,300.



- rubber’s; or polyacryl ates, i ncl udi ng pol ynet hacryl ates. Preferabl’y the
viscosity inprover is a polyolefin or polynethacrylate, nore preferably

pol ymet hacryl ate. Viscosity inprovers available commercially include
Acryloid[err] viscosity inprovers avail able from Rohm & Haas; Shellvis[err]
rubbers avail abl e from Shell Chem cal; and Lubrizol 3174 avail able from The
Lubri zol Corporation. In another embodinmgnt, the oil of lubricating
viscosity is selected to provide |ubricating conpositions for crankcase
applications, sucf a}g g Pbhde sqirgsel HGé Nesng TY&h&Rkion- t had

| ubricating conp05|t| are sel ect to prOV| e an SAE crankcase viscosity
nunber of 103¥idativh-imhibitiig a@emnawhmh mhag Helincluddd iny thhe htndcantsofithe al so
have a so called nulti- grade ratln such as SAE 5W30, 10W 30, 10W 40,

20W 50, et c.inxengienarepenplified orinated qlmq%hyémqupeaﬁr SUGhA%si ty
| mprover whi t t -
p?gw de the %gove F: ;ul'gc’%lnfg'g ra eg Qﬁ{ﬁb&sﬂé %ﬁé%{éils%&\%ﬁ Z’ i %\3{:&%{ I on

al so cont enphéris,Ssuditas g ﬁfac@iohﬁfroﬁiﬂ:ltfolf\aqmdsmm&'hs suMidéwhitetwpenitha i on
of a dithiocarbanmate conpound and an organic polysul fide.  Such additives

i ncl ude, foromxagihvd olgatesr gestel %ﬁcwbs?ﬂate%m%m%a& &g rdioghgdithioc—

agents, _ant i Sepridtad, A8 Sauh® WM AbnoRl MEPARS, CHbRGTRe kit ST e

det er gent s aglsow-aisnitioneadextyremk! pri¥subt ageats raaald ecrrobivt-Carsdi loxsddtiore-
overbased salts) of alkali or alkaline earth nmetals with sul fonic acids,

gar boxﬁl'ijc E@ itoﬁngkﬁgl %exzy:eaﬁrgaﬁi‘ﬁ:%ﬁaﬁiﬁpﬁ%f us aci di{ su{ih?fgg; hose
escri bed above. e_ 0] -scor%%})rgﬁg 0 E'V(étss% S %nc 'n?rtheB
0 be Tea or on

al kal i ne earth net3rr &P Horon conpound
lubncatmg oils described herein. Examples of useful pour point

depressants are. polymethacrylates; polyacrylates; polyacrylamides; con-
densatioh products of ha]opéraffin waxes and aromatic compounds; vinyl
‘carboxylate polymers; and polymers of dialkylfumarates, vinyl esters of
fatty acids and alkyl vinyl ethers. Pour point depressants useful for the
purposes of this invention, techniques for their preparation and their uses
are described in U.S. Patents 2,387,501; 2,015,748; 2,655,479; 1,815,022;
2,191,498; 2,666,746; 2,721,877; 2,721,878; and 3,250,715.

Antifoam agents are used to reduce or prevent the formatipn of
stablefoam. Typical antifoam agents include silicones or or._'ganic polymers.
Additional antifoam compositions are described in "Foam Control Agents",
by Henry T. Kerner (Noyes Data Corporation, 1976), pages 125-162.

. The following examples relate to lubricating compositions containing
the combinatibn of a dithiocarbamate compound and an organic polysulfide.
Example 1

A lubricant is prepared by incorporating 2% by weight of the
dithiocarbamate compound prepared by reacting dibutyl amine, carbon
disulfide and methyl acrylate and 23 by weight of the product of Example
1 into a SAE 10W~-40 lubricating oil mixture.



conpounds are descri bed above. The overbased and borated overbased netal
salts are descri bed above. Dispersants are known in the art and the
following are illustrative. (1) "Carboxylic dispersants” are the reaction
products of carboxylic acids (or derivatives thereof) containing at |east
about 34 or at |east about 54 carbon atons and nitrogen containing

- conpounds (such as am ne);, organic hydrg§ _conmpounds (such as phenols and
al cohol s), and/or basic inorganic naterials. These reaction products

i nclude im.de, am de, and ester reactgpa.progucts of carboxylic acylating
agents. The carboxylic dispersants ar eral |y prepared by reacting one
or nore of hydrocargegr labhithnt id peeparddoby incorpoyatih g2y 5% @pamveigitiofathe

am ne, such as a pol yet hyl enepol yani ne, or_hydroxy contai ni ng_conpound such

25 an’ al congPEOGHEE OF FAHIRIP B AR I bol isBrasich o Example o ntp P8 SHH AUHO0

having a nu . ; | ar wei ght from about 800 up to about 5000,
rf%&—%&g{@@aﬁ?{tﬁp G

or up to about es of these materials include succinimde

di spersants and carboxylic ester di spﬁf]g@]bqn Exanpl es of these "carboxylic
di spers- ants" are described in British Patent 1,306,529 and in many U.S.

Pat ent's i ncl udi ngAtgRartiwbrigamigis prepeyeddsy incarperating 23 byoweight of the

3542, 60, BBl cclgsouria of Bgibe d. 08 U walofif r Yl praglich &
di sper sant s"Egdmplells 1530y Weight of ehe pobduct 68 ExahyleP-HinvelcsARgomsi ght

aliphatic or_alicyclic halides and am nes, preferably polyal kyl ene
subst it ut ed $oluhricatdng o@ipuEe.t her eof are described for example, in the

following U S. Patents: 3,275, 554, 31:.4%31\ ZIZ?IV& 454,555, and 3, 565, 804. (3)

“Manni ch dispersants” are the react products of al kyl phenol s and
al dehydes (especi allupricnteisdsiegiabaass] destribed (iSPLample III except a SAE

-10W-40 lubricating oil mixture is used in place of the SAE 80W-90

lubricating oil mixture.
. Example V _

. A gear lubricant is prepare by incorporating 2.2% by weight of a
dithiocarbamate compound prépéred by reacting diamylamine, carbon
disuifide and acrylamide, 2% by weight of the product of Example 1, and 1%
by weight of a borated overbased compound prepared by reacting boric
acid with a sodium overbased alkyl benzene sﬁlfonic acid, having a metal
ratio of 19, into an SAE 80W-90 lubricating oil mixture.

Example VI
A lubricant is prepared as described in Example V except 0.8% by
weight of a borated dispersant prepared by a rea;:ti.ng boric acid with the
reaction product of a polybutenyl (Mn 950) substituted succinic acylating
agent and a polyalkylene polyamine is included in the lubricant.
Example VII
A hydraulic fluid is prepared by incorporating 0.5% by weight of the
- dithiocarbamate compound of Example V, 0.1 by weight of the product of
Example 1, 0.005% by weight tolyltriazole, and 0.25% by weighf of 2-6~di~-
tertiary butyl phenol into a hydraulic base stock lubricating oil mixfure.



cially am ne condensates and pol yal kyl enepol yam nes). The material s
described in the followng U S. Patents are illustrative: 3,036, 003,
3,236,770, 3,414,347, 3,448,047, 3,461,172, 3,539, 633, 3,586, 629,

3,591,598, 3,634,515, 3,725,480, 3,726,882, and 3,980,569. (4)
"Post-treated di spersants” are the products obtained by post-treating the
carboxylic, amine or Mannich dispersants_jyg_th reagents such as urea,

thi ourea, carbon disulfide, aldehydes, ketones, carboxylic acids,

hydr ocar bon-substituted succinic anhygfinfiis yitttril es, epoxides, boron
conpounds, phosphorus conmpounds or the Ke. Exenplary materials of this
kind are descri bed ol based gietalworking Sluidaise prepare @by, iddrpSratiy 255%
3,367,943, 3,513,093, 3,639,242 3,649,659, 3,442,808, 455, 83

3, 579, 450, 3PgHE EY?mSh?GgH%‘B%-‘QHB tﬂ?QmP(’B?d °f|5€i$a§'?i§1*|1@“é & R¥%nt 5"
are interpol yLat e,
vi nyl decyl ﬁ%}?t dmﬁl EB&\H{EEe?EfEﬁn V\EgIB %%gal%rﬂﬁ%%%%kgaﬁ& o
cont ai ni ng paliatureubst i tuent s, e.g., am noal kyI acrylates or acryl am des
and pol y- (oxyet hyl ene)-substituted acrylates. Polyneric dispersants

I ncl ude est e&%ﬁﬁstyrene mal ei ¢ anhydri de copol yners. Exanples thereof are-
di scl osed in the f tan 9 0 9 6,

3, 666, 730, 3, 687, é’&g&a%n §H95Q’2°a§8 SNte beg?ggiu’guﬁﬁgfff%x?ggawgré?gésﬁg
agents and caubrisating cihgemettalip annhrealmlaigammm sufifviedt repalaace theuded
in the lubricants of the invention are exenplified by chlorinated aliphatic
hydr ocar bons totalcgrepsec RPBPPFIkIoR aRSh; 9§B¢¥§J¥eré§}ea9k%ﬁ§h§%l’°sm°ns will

phosphosul fur' o?”ﬁﬁ u(hcngm
phosphorus su f‘l de vﬁﬁf%é}l%}eg%eﬁiﬁe or ,g%ﬁgea,{ ea e ( t C}greg'arra?es
such as zi nc piooide/ lddsidabie -propestiese, Tinsl diﬂﬁ:bd@irhkrﬁutétgdxﬂhﬁmd and the -

di t hi ocarbamate. Many of the
organic polysulfide are each independently present in an amount from about

0.5% up to about 10%, or from about 1% up to about 5% by weight.

A wide variety of thickeners can be used in the preparation of the
greases of this invention. The thickener is conveniently employed in an
amount from about 0.5 to about 30 percent, and preferably from 3 to about
15 percent by weight of the total grease composition. Including among thé
thickeners are alkali and alkaline earth metal soaps of fatty acids and fatty
materials having from about 12 to about 30 carbop atoms. The metals are
typified by sodium, lithium, - calcium and barium. Examples of fatty
materials include stearic acid, hydroxystearic acid, stéarin, oleic acid,
palmitic acid, myristic acid, cottonseed oil acids, aﬁd hydrogenated fish
oils.

Other ' thickeners include salt and salt-soap complexes, such as
calcium stearate—-acetate (U.S. Patent 2,197,263), barium stearate-acetate
(U.S. Patent 2,564,561), calcium stearate~-caprylate-acetate complexes
(U.S. Patent 2,999,066) , calcium salts and soaps of low-intérmediate— and
high~molecular weight acids and of nut oil acids, aluminum stearate, and
aluminum complex thickeners. Useful thickeners include hydrophilic clays

which are treated with an ammonium compound to render them hydrophobic.



above-nenti oned extrene pressure agents and corrosion- and oxi dation-
inhibitors also serve as antiwear agents. Pour point depressants are
additives often included in the lubricating oils described herein.

Exanpl es of useful pour point depressants are pol ymet hacryl at es;

pol yacryl ates; pol yacryl am des; con- densation products of hal oparaffin
waxes and aromatic conpounds; vinyl carh | ate pol yners; and pol yners of
di al kyl fumarates, vinyl esters of fatty acids and al kyl vinyl ethers. Pour
poi nt.- depr esgaphnghstiukPeombsuis BAS terrabulyll SO LR dasNITRuEs for
their preparafion and their uses are descri be U.S. Patents 2,387,501,
2,015, 748; 2ckys, aveé€; généi-ﬁﬂyOEﬁysﬁmﬁd cbafleR, ﬁﬁﬁaﬂe@ﬁ Thedd 1clayE; include
2,721, 878; and 3, 250, 715. Ant|foama ents are used to reduce_or prevent the
formation of bentanite s Atapylgite,,hectori Rranii§en SaPPRIER ydgeRiplifeo fiotite,
organi c poly ositions are described in "Foam
Contr ol Agen?gﬁﬁmbmlg—ie%gﬂ$ I%S’E;ner %?eﬂs& Dat a Corporation, 1976), pages
125-162. The foll owi ng exanpl es rel atBxanpleud+l cati ng conpositions

cont ai ni ng-the conbi nation of a dithiocarbamate compound and an organic

pol ysul fi de. Exampt 91ea8e| ifhPrERATEd PYprimsareerating -o8phyameighdRipyhe

Lo B 1 b A SRS R SBT3 AR e

Exanpl e 1 i nopExafiple 1@vtoldSbutlivestiPetgo-atienLithiuif 12 hydrddy faseqpleaskl A
gear lubricant is prepared by |ncorporat| ng 2.5% by wei ght of the product
of Exanple 2 and 2% of the product ofEX2mplgIG-2 jnto an SAE 80W 90

lubricating of | mxXtgilgee BXAXRLSaddd by incorporating 0.25% by weight of the

dithiocarbamate compound of Example I, 0.25% by weight of the product of '

Example 1, 0.5% by weight of the product of Example P-3, and 12 by weight
of tolyliriazole into a Southwest Petro-Chem Lithium 12 hydroxy base
grease.

Aqueous Compositions

The invention also includes aqueous compositions generally
characterized by an agueous phase w:th the combination of the
dithiocarbamate compound and the organic polysulfide dispersed or
dissolved in said aqueous phase. The water-based functional fluids may
be in the form of solutions; or micelle dispersions or microemulsions which
appear to be true solutions. Preferably, this aqueous phase is a contin~

. uous aqueous phase although, in some embodiments, the agueous phase can
be a discontinuous phase.

These. aqueous compositions usually contain at least about 25% by
weight water. Such aqueous composit;ions encompass both concentrates
containing about 25% to about 80% by weight, or from about 40% to about 65%
water; and water-based functional fluids containing generally over abéut
80% by weight of water. :I‘he concentrates generally contain less thaﬁ about
50%, or less than about 25%, or less than about 15%, and or less than about

6% hydrdcarbon oil. The hydrocarbon oil may be one or more of the above



A gear lubricant is prepared by incorporating 2% by wei ght of the

di t hi ocarbam ¢ conpound of Exanple |, 1.9% by wei ght of the product of
Exanmple 1; 1. 5% by wei ght of the product of Exanple P-3 into an SAE 80W
90 lubricating oil mxture. Exanple IV A lubricant is prepared as descri bed
in Exanple |1l except a SAE 10W40 lubricating oil mxture is used in place
of the SAE 80W90 lubricating oil mxturLgs Exanple V A gear lubricant is
pr epar edb% [ ncorporati ng 2.2% by weight of a dithiocarbamate conpound
prepared by & ;ﬁ.g.] ,%gr% C S bt b
wei ght of the product arrpdlggby', qg%gwﬁ%)rbyé%gjgh ofrﬁg fggégltéetg)eg\%?bgsed
conpound pr eqitath Iyssrihant anthisg, coxiess thah fabaus 58 amdorclesa shanatoyit

benzene sul fonic acid, having a netal ratio of 19, into_an SAE 80W 90
| ubri cating Q%I WﬁrPFGFQDn Bk They difhipgarhamate compoul, And égedegsﬁ%:ed in

Exanpl e V exg aC| éé éﬂa@&b@} e8ch LA Qn&'ér?rﬁg ga%fegwﬁpa&éda eois

reacting bor

e reaction pro ut enyl 950)
substi tut ed- éomosiuonaanlaai amgumgﬂ‘mn abouta0 (23, yad dlyduen@. 539 | ormabowt 0575%
included in the lubricant. nple VII A hydraulic fluid is Erepared by
i ncor por at nvgpot% wtv\épﬁhtuofmt alowt tﬁ%vo@’ér@ar@@é‘tc%rﬁ%omﬁd FguaASe Vv,
0. 1% by wei g {;Q product of Exanple 1, 0.005% by weight tolyltriazole,
and 0. 25% by sﬁ of 2-6-di- tertiary butyl phenol into a hydraulic base

stock lubricati ngmelse Bbuéetiteates andwatdr-basd @ fifidtionhl Fididbasrdptionally
metal working fluid is prepared by incorporating 2.5%
include other conventional additives commonly employed in water-based
functional fluids. These other additives include surfactants; thickeners;
oil-soluble, water-insoluble functional additives such as antiwear agents,
extreme pressure agents, dispersants, etc.; and supplemental additives
".such as corrosion-inhibitors, shear stabilizing agents, bactericides, dyes,
water-softeners, odor masking agents, antifoam agents and the like.
The surfactants that are useful in the aqueous composiﬁons of the
invention can be of the cationic, anionic, nonionic or amphoteric type.
Many such surfactants of each type are known to the art. See, for
example, McCutcheon's "Emulsifiers & Detergents”, 1981, North American
Edition, published by McCutcheon Division, MC Publishing Co., Glen
Rock, New Jersey, U.S.A. Specific nonionic surfactant types include
alkylene oxide treated products, such as ethylene oxide treated phenols
and ethylene oxide/propylene oxide block copolymers, alcohols, esters,
such as glycerol esters, amines, such as the above hydroxy amines, and
amides. E-xamples of surfactants include alkylene oxide treated
alkylphenols, sold commercially under the tradename of Triton® such as
Triton® X-100, available commercially from Union Carbide Chemical
) Cbmpany; alkoxylated amines av'ailable from Akzo Chemie under the names
'ETHODUOMEIEfNO _(polyethoxylated diamines), ETHOMEEN® (poly-
ethoxylated aliphatic amines), ETHOMID® (polyethoxylated amides), and
ETHOQUAD (polyethoxylated quaternary ammonium chlorides); tall oil



parts by weight of the dithiocarbamate conpound of Exanple |I and 2.5% by
wei ght of the product of Exanple 1 into a netalworking lubricating oil

m xture. Grease Wiere the lubricant is to be used in the formof a grease,
the lubricating oil generally is enployed in an anmount sufficient to

bal ance the total grease conposition and, generally, the grease
conpositions will contain various quanti L'.ﬁ_s of thickeners and other
additive conmponents to provide desirable properties. The dithiocarbamate
conpound and jhe. O | Rt neSitL i ' . I r teLhan
anount froma out'%‘g%‘%ﬁap to aboé%e%ﬁ@gﬁ@f?g‘#?%@ﬁ?ﬁ%}%ﬁo{ﬂo a %u(t:érggﬁ) by
wei ght. A w deorysr;i a&id/ thé abbve ldeseribedany droxidairoeatngl gmizyesr ati on of the
greases of this invention. The thickener is conveniently enployed in an
amount from about Ameng dhgpuseful pnienicegurfagkantytypes asﬁfhﬁrmﬁi/eéﬂbn@‘ﬁ@ut

15 percent b ' f to r Lti n ' no he
t hi (F:) keners a?/ceawgkgghtgarfgggfkaﬁ?éﬁgp eg?gﬁl(%ﬁiébgg‘gbtg % g#tgbggecsﬁdsﬁgtn
fatty materi ahdfdmcatbduydateshaiid hatdlpladapliates. adsdfab cationie suitactaital s

are typified by sodium Ilithium calciumand barium_ Exanples of fatty
materi al s i hdPGHde Nikrogen eempPoYRds Surht asraningcoxidest ang jthe welrknawnd,

palmtic aci St C ' 0, see i |.d dr, nat ed .fish
oils. Oher ?%?%:%g’h%% [ nc{)%%lg? s%'ffl?&and s%’.{oygﬁgpigﬁﬁ%q%g%ss,lggﬁc% aagmim
cal ci um st earsii@-tyeR! mbteridls IndPsintlaic Bpk8(, 263), barium stearate-acetate

(U.S. Patent 2,564,561), calciumstearate-caprylate-acetate conpl exes (U.S.
Pat ent 2, 999, 066) , Sexfiegtants axe gengrrily emplowsd ective apduntsto aiddn the

hi gh- nol ecul ag,_wei aht ' . oi | lds. al um num stearate . and

al um num com%gﬁg%%&gﬁé%eﬁﬁﬁwﬁﬁc @@#&g“‘l‘%{ Iu&g‘g]e E%F%Bﬂ ?‘%&B"ﬁs

whi ch.are tregfisedss¥d belaw o tHE i VR EGID Peafbriably Stifiedoricaatrdtes cankehtsin
up to about 75% by weight, or from about 10% to about 75% by weight of one

or more of these surfactants. The water-based functional fluids can
'contain up to about 15% by weight, or from about 0.05% to about 15% by
weight of one or more of these surfactants.

Often the aqueous compositions of this invention contain at least one
thickening agent. Generally, these thickening agents can be polysacchar-
ides, including cellulose ethers and esters, such as hydroxyethyl cellulose
and the sodium salt of carboxymethyl cellulose ,- synthetic thickening
polymers, or mixtures of two or more of these. Specific examples of such
gums are gum agar, guar' gum, gum arabic, algin, dextrai'ls, xanthan gum
and the like. A thickener can also be synthetic thickening. polymers.
Representative of them are polyacryiates, polyacrylamides, hydrolyzed
vinyl esters; water-soluble homo- and interpolymers of acrylamidoalkane
sulfonates and other comonomers such as acrylonitrile, styrene and the

Preferred thickening agents include the water- dispersible reaction
products formed by reacting at least one 'hydrocarbyl-substitufed succinic
acid and/or anhydride wherein the hydrocarbyl group has from about 8,
or about 12, or about 16, up to about 40, or to about 30, or to about 24,



-35- Typi cal ammoni um conpounds are tetraal kyl ammoni um chl ori des. These
clays are generally crystalline conplex silicates. These cl ays include
bentonite, attapulgite, hectorite, illite, saponite, sepiolite, biotite,
vermculite, zeolite clays and the like. Exanple G 1 A grease is prepared
by incorporating 0.5% by wei ght of the dithiocarbamate conmpound of Exanple
| and 0.5% by wei ght of the product of Exgnple 1 into a Southwest

Pet ro-chem Lit hium 12 hydroxy base grease. Exanple G2 A grease is prepared
by incorpora RNy npl e
0. 250 by SPa 18 G Ryt e e g B R S IE AR P naped

product of EpalyloxyaliSylena}l otdathlease |oght waifezt—dig;ietrsitﬂé Gl yeidoxiye termimatedest
Pet ro- Chem Li t hi um 12 hydroxy_base grease Aqueous Cor‘rP05| tions The
i nvention al 88 X‘?i'(ﬂal!:’él%lsen&queo§§a@8ﬁfo i didexediepersible; namina-Eexmingted an

aqueous phas | 0 f dit h 1f ryﬁ%@ the
organi ¢ pol yggwct% |s%grsed t %rgsg%\g/gﬁillé] é‘g{og[dggueous phase ﬂt
wat er - based invextiomake fdzsnldsedmy UnS.iPatehes Bp02h,aB82 58, 108,008; 494445664 | e
di spersions or mcroenul sions which appear to be true sol utions.

Preferably, PRAsRqtles2- pﬁ’ﬁ%r‘ldésaeréém@l amingy terminatas poinexyalkyleseda, in

sone enbodl h e RH@E u hase

aqueous COprOSI?IagTI’?S%ugfl}g Pgécon al n %ﬂlgout%%b?e%ggéh?h%?er.
Such aqueouscmrpmtumsrenumpaﬁﬁdwhbm@onm&mﬁiees COW@&e&LG& iHle 25%
to about 80% by wei ght, or from about 40%to about 65% water;

wat er - based M%PFBH@W%W@B%MY@%@FMIMYaéll@ﬂablmftﬁi\ﬁﬁ| ght

of water. n Sh 1 e I,,ess

t han about 23[’?E or:%ge Eﬁﬁ ?&de}/'Sﬁ}% glaééﬁg es'{'s %ﬁ’f aﬁrdﬂt &é%}rg

hydrocar bon mdefme@dfw-Qsﬁhﬁfaae@pblymah@leﬁes 8fe Bi¥costd ihl1e. SbpYtents
2,674,619 and 2,979,528.

The reacﬁon between the succinic acid and/or anhydride and the
amine- or hydroxy-terminated polyoxyélkylene is described in U.S. Patent
4,659,492,

When the thickener is formed using an amine-terminated
poly(oxyalkylene), the thickening characteristics of said thickener can be
enhancéd by combining it with at least one of the above surfactant. When
such surfactants are used, the weight ratio of thickener to surfactant is
generally in the range of from about 1:5 to about. 5:1, preferably from

“about 1:1 to about 3:1. | -

Typically, the thickener is present in a thickening amount in thé
aqueous compositions of this invention. When used , the thickener is
generally présent at a level of up to about 70% by weight, or from about 20%
to about 502 by weight of the concentrates of the invention. The thickener
is preferably present at a level in the range of from about 1.5% to about 10%
by weight, or from about_3% to about 6% by weight of the functional fluids
of the invention. | :

The ftinctional additives that may also be included in the aqueous

systems are typically oil-soluble, water-insoluble additives which function



-36- oils of lubricating viscosity. The water-based functional fluids
generally contain |l ess than about 15% or |ess than about 5% and or |ess

t han about 2% hydrocarbon oil. The dithi ocarbamate conpound and the organic
pol ysul fide are preferably each independently present in the aqueous
conpositions in an anount from about 0.2% or about 0.5% or about 0.75% up
to about 10% or to about 5% or to aboukq2.5% of the aqueous conposition.
These concentrates and wat er-based functional fluids can optionally include
ot her convenjj s I ' 5 fLGL I
Pl s Thoo eaiverillidn A DaCONTI RS R SkFk briiplls BISEE | UMLVERE
wat er - i nsol uagentsy rload-eraairyinis iskenes, ficgersants)t friedon agedifiersgitubeicity
pressure agents, dispersants, etc.; and supplenmental additjves such as

corr osi on- i nRPHSe8LC. ShRay capalse fyngHon gsandi-shincagents; fim fogmers and

vat er - Sof t engligwiof dRaifIBAk! 2 UGN Rno@fll ISLATBAHIALES Atk iGwolth
surfactants that are useful I n the aqueous .conmpositions o the i nvention
can be of thmorebf the abovsimentionethwiags} Cop exanplst ettireme)messivbengentd
surfactants of each type are known to the art. See, for exanple,

MeCut cheon' softem fugictiop as lpadsrargdRgsagentsg1, North Anmerican Editi on,
publ i shed by MCu L.V S 100 bl 1 Shi . "

U S. A Specific n%&?gﬁﬁg%ﬁr ?%@? %1?1’![\@ ?{;eggisﬂﬁ%rilﬁég%d@% gWﬁ%%%%de&%%gé

product s, sualfunstiehdlyddditivexwhich isardtesblpbRnill watdidaldvyvh @8€el of about 1
oxi de/ propyl ene oxi de bl ock copol yners, al cohols, esters, such as glycerol

esters, am nEE?mé?%hl‘l?sf%PPﬁEF ai)ﬁ?éeﬁ?&r@?rahillﬂé%,mmeéﬁi 'Hi!l@.ral O %IS| of
onder tho. ¢ SR Baldce T Gril 087 98-8, HHRIE FihBHoAd A RTEE ey |V

commer ci al | yalsboindladencértainm deol{d enibiadarftenBasl; ad! §eaphité £dmaRBRhum

avail able from Akzo Chem e under the names
oL : disulfide and polytetrafluoroethylene and related solid polymers. These

sey,
d

functional additives can' also include frictional polymez_' formers, which form
materials which are dispersed in a liquid are believed to polymerize under
operating conditions. A specific example of such materials is dilinoleic acid-
and ethylene glycol combinations which can form a polyester frictional
polymer film. These materials are known to the art and descriptions of
them are found, for example, in the journal "Wear", Volume 26, pagés
369-392, and West German Published Patent Application 2‘,339,065.

Typically these functional additives are known metal or amine salts
of orgaho sulfur, phosphorus, boron or carboxylic acidé which are the
same as or of the same type as used in oil-based fluids and are described
above.

Many sﬁch functional additives are kn_own to the art. For example,
descriptions of additives useful in conventional oil-based systems and in
the aqueous systems of this invention are found in "Advances in Petroleum
Chemistry and Refining”, Volume 8, edited by John J. McKetta,
Interscience Publishers, New York, 1963, pages 31-38 inclusive;:
Kirk-Othmer "Encyclopedia of Chemical Technology”, Volume 12, Second
Edition, Interscience Publishers, New York, 1967, page 575 et seq.;



ETHODUOVEEN err] (pol yethoxyl ated diamnes), ETHOVEEN err] (poly-

et hoxyl ated aliphatic am nes), ETHOM DJerr] (pol yet hoxyl ated am des), and
ETHOQUAD ( pol yet hoxyl at ed quat ernary amoni um chl orides); tall oil - 37-
acids, sold under the trade name Unitol DT/40 (avail able from Union Canmp
Corp); and the above descri bed hydroxyhydrocarbyl am nes. Anong the useful
anionic surfactant types are the w dely kippwn carboxyl ate soaps, netal
organosul fates, netal sulfonates, netal sul fonyl carboxyl ates, and netal
phosphat es. UsghilcafRlA@BlRyesl by ATt Ry Nohel DSEIICERIRAUIMS, BHER S
am ne oxi des and the well-known Quaternary ammonium salts. =~ Anphoteric
surfactant s iRidgad®.dn boSaai.d18yPpeand t'bubaicanardiiditivesAbyt @ Pés Smallheer
Surfactants are generally enployed in_effective appunts to ai.d in the

di spersal of 3PReRvhri adde bezrus-Hies G, frleyeland.n@hiqmnit $ ohal
ddi ti di . i : .
can contain up o e RuQio bRl eRh ALy E R Rltnier ik SPAGHRLASES

wei ght of oneraratopaldatdéx dhemelsionthetevftin wakbe. VB ldteseslirddudé natintal
fluids can contain UP to about 15% by weight, or from about 0.05%to about
15% by wei ghtrubbesrateses i pelystieere-hntadianas syntbeticiatere aqueous
conposi tions of thmg &Mc@&%ﬁaﬁ%dﬁ@&%@'é&rﬂa&sh?éh 1L Nt o EnA9ER b anie
General ly, these t'hickening agents can be polysacchar-"ides, I ncluding
cel lul ose et gjentandEsshples, of UgHe @6rmhextrapey ¢hdyamit-neétals Aitdnephdspliatdi um
salt of carboxynethyl cellulose, synthetic thickening polyners, or mxtures
of two or norcembinatiens suchars digclasadrin Mestt Gexman Rarentile 1,303y AMinguar
gum gum ar akj_g,. ' ext . _xant h urp_an i ke. JAthicC L. can
al so be synt E‘Jgﬁ c%llnggé%%g&pioiﬁlyrarérggg %gﬁge?esntdéf%]\gge%f T hgﬁ%sme isg&%t
pol yacryl at esspdedfiyatidry 893 919$ ortinine! difieidphbBphasé @il as @ AbssPini 0. 8.
honmo- and i nt er pol gmers of acryl am doal kane

Patent 3,002,014. Examples of anti~squawk agents are N-acyl-sarcosines

and derivatives thereof such as disclosed in U.S. Patents 3,156,652 and
3,156,653; sulfurized fatty acids and esters thereof such as disclosed in
U.S. Patents 2,913,415 and 2,982,734; and esters of dimerized fatty acids
such as disclosed in U.S. Patent 3,039,967.

‘Typically, the functional additive is present in a fﬁnctionally
effective amount. The term "functionally effective amount"” refers to a
sufficient quantity of an additive to impart desired properties intended by
the addition of said additive. _

The aqueous systems of this invention often coniain at least one
optional inhibitor for corrosion of either ferrous or non-ferrous metals or
both. The inhibitor can be organic or inorganic in nature. Included are
those described in "Protective Coatings for Metéls" by Burns and Bradley,
Reinhold Publishing Corporation, Second Edition, Chapter 13, pages
596~-605. Specific examples of useful inorganic inhibitors include alkali
metal nitrites, sodium di- and tripolyphosphate, potassium and dipotassium
phosphate, alkali metal borate and mixtures of the same. Specific examples
of organic inhibitors include hydrocarbyl amine and hydroxy-substituted

hydrocarbyl amine neutralized acid compounds, such as neutralized



su) fonates and ot her conononers such as acrylonitrile, styrenée and the

i ke.- Preferred thickening agents include the water- dispersible reaction
products fornmed by reacting at | east one hydrocarbyl -substituted succinic
acid and/ or anhydride wherein the hydrocarbyl group has from about 8, or -
about 12, or about 16, up to about 40, or to about 30, or to about 24,
-38- about 18 carbon atons, with at | easgj-one water-dispersible am ne
term nat ed pol y(oxyal kyl ene) or at |east one water-dispersible

hydr oxy-t er [HizpRdtEY bnaxnpikydabyl phosphaf estads, Wmdwtralized dastiybbeids,
amne-term nated pol y(oxyal kylene)s that are useful in accordance with the
present i nveruitvalizedarinatiocanboxylig agidete «ht, $-teriiarybutyl benzricgeid) ,

4,444 566; and . Re,.31,6 522. ter-dispersi bl e,ann )

pol y(oxyal kytHE &9, 2Bk eﬁéceﬁﬁé%ra@ c&%@%ﬁ %’%d\?g?%%ﬂe spHonates:
Texaco Chem g s isefilSfindsiaciiddthd @REndRIIAEE S@fieas bthanolamine,
Wat er - di spersi bl e hydroxy-term nated pol yoxyal kyl enes are comrercially

avai | abl e frdietlBagfangrendotte Corporati on under the tradenane "Tetronic"
and "Pluronic". ef ul hydroxy-termnated polvoxyal kyl enes are.di.scl osed in
U S. Patents 2, ELS'?_H‘? 6311}1‘%}18 %X%?@?Sofgalerﬁ’gg?eéﬁtc?%'ﬁ’%& ﬁ%’éﬁ?ﬁl 1uge, %i c
aci d and/or d1aa£w&£é HEcRREeiEEE SN Bact¥iridlies QXY well IhdVah €6l thedey oK yRilkin ene
is described In U S. Patent 4,659, 492. Wen the thickener is formed using

an am ne-t erthienatrédapdl ppegifid ledampdes care bai found nip dher aforementioned)f
sai d thickener can be enhanced by conbining [t w.th at |east _one of .1he
above surf adfshptchgee, guﬁﬁ%‘a?? acg‘ 2Re °§P€ H?E%Fa@he %‘fed:nttq%t pgading
t hi ckener to.&?ﬁ;nga%to@,@g]si-%ng £§E80L20 theddog. range of fromabout 1:5 to

about 5:1, preferably fromabout 1:1 to about 3:1.
The aqueous systems of the present invention can also include such

other materials as dyes, e.g., an acid green dye; water softeners, e.g.,
ethylene- diaminetetraacetate sodium salt or nitrilotriacetic acid; odor
masking agents, e.g., citronella, oil of lemon; antifreeze additive, e.qg.,
, ethylene glycol and analogous polyoxyalkylene polyols; and antifoamants,
such as the well-known silicone antifocamant agents.

Discussion of aqueous compositions and components of aqueous
systems occurs in U.S. Patent .4 ,707,301.

Examples IX-X

The following examples relate to aqueous compositions containing the
combination of the dithiocarbamate compound and the organic polysulfide.
The examples are prepared by mixing the components in a homog_enizer.

X X

100 neutral mineral oil 4.0 4.0
Water 95.0 95.0

Reaction product of

diethylethanolamine

and a polybutenyl-

(Mn=950)-substituted

succinic anhydride 0.8 0.8

Dithiocarbamate
of Example I . 0.1 0.15

8



Typically, the thickener is present in a thickening amount in the aqueous
conpositions of this invention. Wen used, the thickener is generally
present at a |level of up to about 70% by wei ght, or from about 20%to about
50% by wei ght of the concentrates of the invention. The thickener is

- preferably present at a level in the range of from about 1.5%to about 10%
by wei ght, or from about 3%to about 6%1Ry_ wei ght of the functional fluids
of the invention. The functional additives that may al so be included in the
aqueous systﬁ&gaday%ﬂﬁg%ﬁﬁﬁehy 0i p-pol ubl e, gngker-insol ubl e additives which
function -39- 1 n conventional oil-based Systens as extrene pressure
agents, antlﬂmear agents, |oad-carrying agents, dispersants, friction

nodi fiers, lubricity agents, etc. They can also function as anti-slip
agents, filmfornmers and friction nodifiers. As is well known, such
additives can function in two or nore of the above-nentioned ways; for

exanpl e, extrene Ssure. agent s n_funet.ion Aas carryin nts. -
The term "oil -sol ﬁéﬁgsﬁ\ﬁa V%nibf?é’oﬁﬁﬁl gepueﬁqlpgﬁa 1%a§faﬁo e ﬁfére?gfg d;
functional aggbbaivfent] étlis o POundetstdod that WRirtdusihedFicationstheféoRaut 1
gram per 100 parts of wat er at 25C, but is soluble in mneral oil to the

ext ent of atbeeome agpagemntpdhobe shilleg irpBiecary WporT ifeadiniguihet specificatdom : i ves
may al so include certain solid |ubricants such as graphite, nolybdenum

di sul fide and pol ytetrafl uoroethyl ene and rel ated solid pol yners. These
functional additives can also include frictional polynmer formers, which
formmaterials which are dispersed in a liquid are believed to polynerize
under operating conditions. A specific exanple of such naterials is
dilinoleic acid and ethyl ene glycol conbinations which can forma pol yester
frictional polynmer film These materials are known to the art and
descriptions of themare found, for exanple, in the journal "War", Vol une
26, pages '



369-392, and West German Published Patent Application. 2,339, 065. Typi call y
t hese functional additives are known netal or. am ne

phosphorus, boron or carboxylic acids which are the sa

type as used in oil-based fluids and are descri bed abO\rlrgﬂlsasiiw&ﬁasq;ee Ee%l
functional additives are known to the art. For exanpl e, "mtﬂm Hm,
addi tives useful in conventional oil -based systens and i

systens of this invention are found in "Adyances in Petrol eum Chem stry and
Refining”, Volume 8, edited by John J. MKetta, Interscience Publishers,
New Yor K, 19@@9% 31-38 inclusive; Kirk-Qhner."Encyclopedia of

Chem cal Technol o y VoI une 12, Second Edition, Interscience Publishers,
New York, 1967, p 75 dubsiggting  comppsitipnphrqomprisingdi (A)esit byask \\one

Ranney, Noye%. ar

"Lubricant A IQ?I ves %‘E&%Bb?:’&gn@] %@r’g% gtgnﬁ orgﬁnf%pc’lﬁ?ﬁé%f %?gﬁf‘f’?gg’
Co., O evel agg) ﬂiﬂlﬁspﬂoﬁad\or'ﬂii&ohumwembraéi&kéméQn@ﬁ@uﬁé agehE, andi(oM a
former such as a synthetic or natural |atex or enulsion thereof in water.

Such | at exes bage|flia selectad fmw analbgééulamaipnwsswmer i) avtencand a
synthetic la f iecan an_anti-chatter or
a%t i - squawk ta”‘g%ﬁ’}&g’ aolr#.'pﬁ%% heg?%r%&) g?eailll gﬁplaggﬁggapscomty _

di t hi ophosphahﬁ:mam nati ons such as disclosed in West Gernman Pat ent

1, 109, 302; anine salt- azonethene conbi nati ons such as disclosed in British
Patent Speci fi catiZen 89@1@¢qmpe$1bm ofeclaim Hj wpawpr{ahblsameaaaou produst odfi n

U S. Patent e f U gents_are N-acyl - arc05| nes
and derivati 3£%#§&§8$§é§(ﬁka§m§ &I %)%Hé w\ﬁ’% aBaP@ﬁ? §t% d,
3, 156, 653; suahhydriddestirior aeds and esters thereof such as di scI osed in

U S. Patents 2,913,415 and 2,982,734; and esters of dinerized fatty acids
3. The composition of either of claims 1 and 2 wherein (A) is a

reaction product of (i) a dithiocarbamic acid or salt, and (ii) an acrylic ester
of the formula R5R7C=C(R8)COOR9, wherein each R6, R7, and RS is
independently hydrogen or a hydrocarbyl group, and R! is hydrogen, or a
hydrocarbyl group containing from 1 to 24 carbon atoms. |

4. ~ The composition of any one of claims 1-3 wherein (A) is a reaction
product of (i) a dithiocarbamic acid or salt, and (n) methylacrylate,
ethylacrylate, butylacrylate, pentylacrylate, hexylacr.ylate .
methylmethacrylate, ethylmethacrylate, butyl;ﬂethacrylate ’
pentylmethacrylate, or hexylmethacrylate. .

5. = The composition of any one of claims 1-4 wherein (B) ié derived
from an oil, a fatty acid_or ester, an olefin, or a polyolefin.

6. ‘The composition of any one of claims 1-5 wherein (B) is derived
from an olefin is represented by the formula

RYIR*c=cr"R",

wherein each of R'l, R*, R ana R" is independently hydrogen,
hydrocarbyl, -C(R");, -COOR®, —-cON(R¥),, -cOON(R),, -coOM, —CN,
-X, -YRMor -Ar, wherein each RYis independently hydrogen or hydrocarbyl

* [ L M S *



such as disclosed in U S Patent 3,039,967. Typicatty, the functional
additive is present in a functionally effective anufiiis Shtét@lad BdeiReplaced -
"functional ly effective amount” refers to a sufficient n'.
additive to inpart desired properties intended by the ‘HHHMUHMEI d

addi tive. The aqueous systens of this invention often/ at ''cast one
optional inhibitor for corrosion of either ferrous or non-ferrous netals or
both. The inhibitor can be organic or iner4bnic in nature. Included are

t hose described in "Protective Coatings for Mst al s" by Burns and Bradl ey,
Rei nhol d Publgirenp ngvitlyrtherexaviao that eny Wi Ri ogrowps sanrbel Bydpagrib yiese 075,
Speci fic exanpl es, of eful inor.ganic,inhibitors includ kal-i, netal .
nitrites, sogﬁhﬁﬁa‘?t-edﬁ’g #PF?)%}TX}EHS%H%%Y ﬁoine&%i"gnﬁlﬁng’ 3%8?%93& l?ﬁ?ms 18
phosphat e, aliahéd; P &) o egibvABHt G4 MeR _&&ohb@csamoénﬁcwscow«?émlo&s
of organic inhibitors include hydrocarbyl am ne and hydroxy-substituted
hydr ocar byl divalenhesuifiuxl;i 2edsan arybopsubdtitutedarylsgrap ofilurr éel 12 carbon
phosphat es and hydrocar byl phosphate esters, neutralized fatty acids,
neutral i zed éiF?JH%'t ic carboxylic acids (e.g.,.4-tertiarybutyl benzoic acid),
neutral i zed napht kenic | ' Y4t : s
Particul arly usef t’f am%gﬁg?%ggﬁﬁiﬁg*éggﬁam nes g%ﬂé%gsigﬁ}a% gxr%vr?g,

di et hanol am fieom Bneolafimecorstadyingefrono? tbl8carbencatiomsavent i on can al so

i ncl ude at | east qgne bactericide., Such bactericides are well known tq those

e
of skill in the afr andR§EXPPOtORLHRRY opgRf Flaims ivd whexein (C) is selected
af orenenti on | i.cat.d " ' i " - .
headi ng " Ant ?%a@ﬁ%% g@g@ﬁgﬁﬁ%%%g%g%}op ]'%: er EEM%%%%@W%&%?aﬁe

present i nvemtitinranc apoaideo to niormd ansintbrmédiate ;ahdr thd dntanidiste s fgrthem

acid green dye; water soffeners, e.g., . - .
reacted with a phosphorus acid or anhydride, or a salt of the phosphoric acid

ester, (ii) a -phosphoric acid ester prepared by reacting a phosphorus acid or
anhydride with at leést one alcohol wherein each alcohol independently
contains from 1 to 30 carbon atoms, or a salt of the phosphoric acid ester, (iii)
a triarylphosphate, (iv) a phosphite, (v) a borated dispersant, (vi) an alkali
metal or a mixed alkali metal, alkaline earth metal borate, (vii) a borated
epoxide, (viii) a borated amine, (ix) a bdrated overbased metal salt, (x) a
borated phospholipid; and (xi) a borate ester.

9. The composition of any one of claims 1-7 wherein (C) is selected
from (i) an ammonia or amine salt of a phosphoric acid'-_ ester prepared by
reacting a dithiophosphoric acid with an epoxide to form an intermediate, and
the intermediate is further reacted with a phosphorus acid or anhydride, (ii)
an ammonia or amine salt of a phosphoric acid ester prepared by reactiné a
phosphorus'acid or anhydride with at least one alcohol wherein each alcohol
independently contains from 1 to 30 carbon atoms, (iii) tricresylphosphate,
and (iv) a dihydrocarbyl or trihydrqcarbyl phosphite independently having
from 1 to 30 carbon atoms in each hydrocarbyl group.

10. The composition of claim 8 or claim 9 wherein the dithiophosphoric

* c L L] S *



ethyl ene- di ani netetraacetate sodium=salt or nitrilotriacetic acid; odor
maski ng agents, e. g., citronella, oil of |lenon; antifreeze additive, e.g.,
, ethylene glycol and anal ogous pol yoxyal kyl ene pol yol s; and ant.i f oamants,
such as the well-known silicone antifoamant agents. .Di scussion of aqueous
conpositions and conponents of aqueous systens occurs in U'S. Patent
4,707,301. Exanples | X-X The followi ng exanples relate to agueous

conposi tions containing the conbi nati on of,t he dithiocarbamate conpound and
the organic polysul fide. The exanples are prepared by m xi ng the conponents

0 a hombgenkaf is d ¥inydrocarSyi Siinfs eup%gm
95.0 95.0 1Fseeact |Yon°8?f)]§ﬂct o) g%&?hoz Y an%?gééer{le&g%l uteny?
(M=950 ) - subctcathbndtausdnmachaﬁdmfcaﬂbyl group.

Di t hi ocar bamat e of Exa 15 -42 Pr oduct

of Exanple 1 0.} %e Gomaom%otﬁéaws/&mmeﬁameémémamﬁany

relation to f g’[dif iments, it i-s to be understood that various
nodi ficati onéﬁﬁﬂere&f‘ gs@g%me apparent to those skilled in the art upon

readi ng the speci fizcat mdie composition of any one of claims 1-11 wherein the lubricating

composition is a metal working fluid, a hydraulic fluid, a grease composition,
an aqueous fluid, or a gear oil composition.

13. Aconcentrate comprisingasubstantially inert organic diluent and
from 0.01 to 90% by weight of a combination of components (A) and (B) as
defined in claim 1. '

. Thxs Sheet Has Been Rep! laced
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REPL'ACENENT SHEETS SG Cd ains 1. A lubricating conposition conprising
(A) at least one ashless dithiocarbamte conpound which is a reaction
product, of (i) a dithiocarbamc acid or salt, and (ii) an unsaturated

am de, .acid, anhydride ester or ether, (B) at |east one organic .polysulfide
whi ch eontains from about 10%to about 60% by wei ght sul fur and derived
froman oil, fatty acid or ester, an ol ef‘i' or polyolefin, optionally, (O
a phosphorus or boron antiwear or extren'eés'ressure agent, and (D) a base
fluid selected from (i . IRl or unt. of an o0il_ of lLubricating viscosity,
(ii) water and a surbg&%?%f o g ﬁ?@ggﬂé nfaﬁfe?gzﬁ,)%nia&upmd? | ubricating
viscosity and a thic contpiping the, cambinatinn,okadithio cont ai n
from 0. 0005% to 1% by wei ghtompound andan exganigaolysulfide The conposition
of claim _1 wherein (A is a reaction product of (i) a

di thi ocarbam c aacid or salt, and (ii) an acrylic ester of the fornula
Rlerr]Rerr]CC(Rlerr])COOR err], wher abatereh R err], Rerr], and Rerr]

i s independently hydrogen or a hydrocarbyl group, and R9 is hydrogen, or a
hydr ocar byl group containing from1l to 24 carbon atons. 3. The

conposi ti on of anyrhisdnevéntibninetatés t8 alhbrizating/jomposition aompirisingatiioil of
(i) a dithi oc%r bgn‘j c.acid or salt, and{e%i i) rret_%lpacryl ate, ethylacrylate,
but yl acryl at &f IBBRCPHRG, Visgesity, () atlepst ape ditiiprrhamate Gopegund, and

et hyl net hacr tg f@g,{; p l; rl;@&? t .
hexyl met hacril(@t%lezsp&é/rhe co%%#%ﬁeésﬁgﬁﬁ%e 0 g%:ﬁ%afenlas&rf-tg Yherer n
(B) is deriveand raqgecass otdmpasitiahsy wiith aonéainerthisn combinatioros a The
pol yol efin. 5. The copposition of any one of clainms 1- 4 wherein (B}_l is
derived fromCoMPOFEINS heve gAosk aptiweak on; pEtyesie pressure properties. The

1 C=CRL ex.t L Ns f .
Rlorr] 1o 1 nooRBuitia’ Ap6 pUOAEL uiAithel oiidition effiohes TR iyl |
- CON( R err]) [seability-to@tds.err])[err], -COOM -CN, -X, -YRerr] or -Ar,
wherein each Rerr] is independently hydr ogen or hydrocar byl




qosy7 I

44 yroup, wWth the proviso that any two. R groups.can_he
Substi tuted hydrocar byl ene whereby ‘a ring of upito REPLAGHMENEISHEETSs SG
forned; Mis one equivalent of a netal cation, il Desadiptpan;payed s...oxypged oF.
divalent sulfur; Ar is an aryl or substituted af v Qnie(p) of: paged 5.1 maeddh
atons. 6. The conposition of any one of =Tl ai njs 3R wWie( Sl (paghy ..1.go qeged ed
froman olefin containing from2 to 8 carbon at png.Atkiract TheagedROIbipagsd Qf.
any one of ¢lains 1-6 wherein (C) is selected ffom (i) a phosphoric acid
ester prep y reacting a dithiophosphoric agi ith-_ag.e |
an internediate, and the internmediate is furthe L
acid or anhydride, or a salt of the phosphoric acid ester, (ii) a :
phosphoric aci d kst erAprlebaicatiby rasaposifijon preopphesings &) dadr lsasgdronge
with at | east one al cohol wherein each_al _cohol, independentl ontains, from

ECAGH B8 RAOMET P} L) @

1 to 30 car3dressodithigrarbagate eqmpeHRd JHYSHNdFi @ B8Rt

tri | ph L. ' h it t ' , j :
o kal | ot (L Bcarkapl o ARIEP B Bapl Vipd NOLP! SH CSRELAMM ik, Bleid,
borated epoxiiferidyiddterackorthad oam)nat feast amhowgaﬁ.d)\;zwﬁﬂmiﬁéewnich

salt, (x) a borated phospholipid; and (xi) a borate ester. 8. The

conposi t | oncaitainy frve eboutt 40kt td -akeubh6deiby weights sylfurcad dewivedi fram
anmonia or am ne salt of a_phosphoric agi d.ester pr .ed by.reactin

di t hi ophosp#braid: b3 TWREI &F @% _ rd@t@#&?rﬁ%ﬁ&ﬁ%ﬁ@di ?“%aj_rc?éf' ﬂ‘é’_a_a

| nter med at g, gnbitid NGr phEGE hLitldd o BRORBACEMSSSREL Cagint ANENAIT (DY badd
an ammoni a 0of am ne salt of a phosphoric acid ester prepared by reacting a
phosphor us emiidl Ofeleabydlr Fdem Wi(i) at nadest amsental 6phah wiidr eofh Palmticatixahol
i ndependently contains from1 to 30 carbon atons, (iii) tricresyl phosphate,

and (iv) a videpdityartii) waten iamgdaoserfsgtanth3pithiekenedepaidciil) ARVPHY
from1 to 3gf Cfurbtx):ggag'fnogn%riggosel%%h aHX dal; O&?:iﬂ:%&l"xezg 'SP wherein said composition

does not contain from 0.0005% to 1% by weight of a 1,3,4-thiadiazole.

2. The composition of .. claim 1 - wherein (A) is a
reaction product of (i) a dithiocarbamic acid or salt, and (ii) an acrylic ester
of the formula ROR'C=C(R})COOR’, wherein each RS, R/, and R® is
independently hydrogen or a hydrocarbyl group, and R? is hydrogen, or a
hydrocarbyl group containing from 1 to 24 carbon atoms.

3. The composition of any one of claims 1-2 wherein (A) is a reaction
product of (i) a dithiocarbamic acid or salt, and (ii) methylacrylate,
— ethylacrylate, butylacrylate, pentylacrylate , hexylacxrylate,
methylmethacrylate, ethylmethacrylate, butylmethacrylate,
pentylmethacrylate, or hexylmethacrylate. ] '
‘ 4. The composition of any one of claims 1-3 wherein (B) is dexived
from an oil., a fatty acid or ester, an olefin, or a polyolefin.
5. The composition of any one of daﬁns 1-4wherein (B) is derived

from an oléfin is represented by the formula
r'IR*2C=CR®RY,
wherein each of R*l, R*Z, R and rRY is independently hydrogen,
%
hydrocarbyl, ~C(R*S);, -COOR®, ~CON(R™),, ~COON(R 3)4, ~COOM, -CN,
-X, -YR® or -Ar, wherein each RYis independently hydrogen or hydrocarbyl
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9. “ The conposition of claim7 or claim8 wherein the dithiophosphoric

45 acid i s a di hydrocarbyl dithiophosphoric acid independently having from
1 to 24 carbon atons in each hydrocarbyl group. 10. The conposition of
clains 8 wherein the amine is a tertiary aliphatic primary anmine. 11. The
conposi tion of any one of clains 1-10 wheygin the |ubricating conposition
Is a metal working fluid, a hydraulic fluid, a grease conposition, an

R R e R IR AN e S e

of a conbi natibstitofed tiysroeatbylefle wher¢ly agidgfehewp itn 12 xiawbon atoms is
formed; M is one equivalent of a metal cation; X is halogen; Y is oxygen or
divalent sulfur; Ar is an aryl or substituted aryl groui). orf"ilp to 12 carbon
atoms. ' )

6. The composition of any one of claims 1-5 wherein (B) is derived
from an olefin containing from 2 to 8 carbon atoms.

7. The composition of any one of claims 1- 6 wherein (C) is selected
from (i) a phosphoric acid ester prepared by reacting a dithiophosphoric acid
with an epoxide to form an intermediate, and the intermediate is further

—/ _ reacted with a phosphorus acid or anhydride, or a salt of the phosphoric acid
ester, (ii) a phosphoric acid ester prepared by reacti_ng a phosphorus acid or
anhydride with at least one alcohol wherein each alcohol independently
contains from 1 to 30 carbon atoms, or a salt of the phosphoric acid ester, (iii)
a triarylphosphate, (iv) a phosphite, (v) a borated dispersant, (vi) an alkali
metal or a mixed alkali metal, alkaline earth metal borate, (vii) a borated
epoxide, (viii) a borated amine, (ix) a borated overbased metal salt, (x) a
borated phospholipid; and (xi) a borate ester. '

8. The composition of any one of claims 1-6 wherein (C) is selected

from (i) an ammonia or amine salt of a phosphoric acid ester prepared by
react%ng a dithiophosphoric acid with an epoxide to form an intermediate, and
the intermediate is further reacted with a phosphorus acid or anhydride, (ii)
an ammonia or amine salt of a phosphoric acid ester prepared by reacting a
phosphorus acid or anhydride with at least one alcohol wherein each alcohol
independently contains from 1 to 30 carbon atoms, (iii) tricresylphosphate,
and (iv) a dihydrocarbyl or trihydrocarbyl phosphite independently having
from 1 to 30 carbon atoms in each hydrocarbyl -group.

9. The composition of claim 7 or claim § wherein the dithiophosphoric
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45
acidis a dihydrocariiyi dithiophosphoric acid indépendently having from 1 to
24 carbon atoms in each hydrocarbyl group.

10. The composition of claims g wherein .the amine is a tertiary
aliphatic primary amine. )

11. The composition of any one of claims 1-10 wherein the lubricating
composition is a metal working fluid, a hydraulic fluid, a grease composition,
an aqueous fluid, or a gear oil composition.

12. = Aconcentrate comprisingasubstantially inert organic diluent ahd
fro_ni 0.01 to 90% by weight of a combination of components (A) and (B) as

defined in claim 1.
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