TI TLE Antiwear Agent and Lubricating Conpositions Thereof FIELD OF
| NVENTI ON The p esent invention relates to an antiwear agent
and | ubricating conpositions thereof The invention further provides
for a nethod of lubricating a driveline device or a grease
application by enploying a lubricating conposition containing the
antiwear agent. BACKGROUND OF THE | NVENTI ON [0001] One of the
i nportant paraneters influencing dura 'H{ or wear resistance of
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[0003] Driveline power transmtting devices (such as gears or

t ransm ssi oAEPra@sisée peatestian nedsn vardwsagrndionsadt loadnand spdedn Hpwiedes,
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durability and cleanliness. [0004]US Patent 3,197,405 discl oses
| ubri cati ng %8ieKEeRERISFHT A GIdHivise s heeamise 16odsiaPig- alregddition, many of
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sulphur species, resulting in lubricating compositions containing antiwear or

extreme pressure additives having an odour, which may also be detrimental to
the environment or evolve emissions that may be higher than increasingly
tighter health and safety legislation specifies.
[0002] In addition, many of the antiwear or extreme pressure additives
employed have at least one of (i) limited extreme pressure and antiwear
performance over a wide range of operating conditions, (ii) limited oxidative
stability, (i1i) form deposits, or (iv) cause corrosion (for example copper
corrosion).
[0003]  Driveline power transmitting devices (such as gears or transmissions,
especially axle fluids and manual transmission fluids (MTFs)) and grease
applications, present highly challenging technological problems and solutions
for satisfying the multiple and often conflicting lubricating requirements, whilst
providing durability and cleanliness.
[0064]  US Patent 3,197,405 discloses lubricating oils containing amine salts of
phosphorylated hydroxy-substituted triesters of phosphorothioic acids. The amine



salts of the phosphoryl ated hydroxy-substituted triesters of
phosphor ot hi oi ¢ acids are useful in lubricating conpositions to
provi de antiwear performance in gear oils, internal conbustion

engi nes and autonotive transm ssions. [0005] US Patent Nunbers

6, 730, 640; 6,872,693; 6,656,887, and US Patent Applications
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SUMMARY OF THE INVENTION

[0007] In one embodiment the invention provides a lubricating composition
comprising: an oil of lubricating viscosity; and a sulphur-free amine salt of either (i)
a hydroxy-substituted di- ester of phosphoric acid, or (ii) a phosphorylated hydroxy-
substituted di~ or tri~ ester of phosphoric acid.
[0008] In one embodiment the invention provides a lubricating composition
comprising: an oil of lubricating viscosity; and a sulphur-free amine salt of a
hydroxy-substituted di-ester of phosphoric acid.
[0009] In one embodiment the invention provides a Iubﬁcating composition
comprising: an oil of lubricating viscosity; and a sulphur-free amine salt of a
phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid.
[0010] In one embodiment the invention provides a lubricating composition
comprising: an oil of lubricating viscosity; and a sulphur-free amine salt of a
phosphorus compound obtained/obtainable by a process comprising: reacting an
amine with either (1) a hydroxy-substituted di-ester of phosphoric acid, or (ii) a
phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid.
[6011] In one embodiment the invention provides a lubricating composition
comprising:_ an oil of lubricating viscosity and an amine or metal salt of a

phosphorus compound represented by Formula (1):



[0010] I n one enbodi nent the invention provides a |ubricating
conposition conprising: an oil of lubricating viscosity; and a

sul phur-free am ne salt of a phosphorus conpound obt ai ned/ obt ai nabl e
by a process conprising: reacting an amine with either (i) a

hydr oxy- substituted di-ester of phosphoric acid, or (ii) a
phosphoryl at ed hydroxy-substituted di- or tri- ester of phosphoric
acid. [0011] 1 n one enbodi nent the invention provides a lubricating
conposition conprising: an oil of |ubricating visscosity and an am ne
or netal salt of phosphorus conmpound represent by Formula (1):
Formula (1) wherefn and A" are independert y H or a

hydr ocar byl group cont ai n| nq about ,1 to about ;39 carbon atoms; each R
and R' group are Lﬁldepend fly a hy ocar byl ﬂrcup; each R 1is

i ndependently R, or a jroxyalkyl oup, IS |ndependently
R, or a group repre nt edhy ) P(0Y O TREATTEH{ AHmN Righ, (M.

RO(R 0)P(0) - CH2CH( CH3) - )’L X |ranges from|about 0 to about I,
O

with the provisp that whe Ay is a hydpox yl group; and
R Y
Formula (1)

wherein
A and A' are independently H, or a hydrocarbyl group containing about 1 to
about 30 carbon atoms;
each R and R” group are independently a hydrocarbyl group;
each R’ is independently R, H, or a hydroxyalkyl group;
Y is independently R’, or a group represented by RO(R’O)P(O)-
CH(A")CH(A)- (such as RO(R’0Q)P(O)-CH>CH(CH;)-);
x ranges from about 0 to about 1, with the proviso that when x =0, R’ is a
hydroxyalkyl group; and
m and n are both positive non-zero integers, with the proviso that the
sum of (m+n) 1s equal to about 4;
M is a metal ion;
t is an integer varying from about 1 to about 4 (or about 1 to about 2);
and
q and e are fractions, whose total provides complete valence to satisfy t,
with the proviso that q is in the range of about 0.1 to about 1.5 (or about 0.1 to

about 1), and e is in the range of about 0 to about 0.9.



mand n are both positive non-zero integers, with the proviso that
the sumof (mtn) is equal to about 4; Mis a netal ion; t is an

I nteger varying fromabout 1 to about 4 (or about 1 to about 2); and
g and e are fractions, whose total provides conplete valence to
satisfy t, with the proviso that g is in the range of about 0.1 to
about 1.5 (or about 0.1 to about 1), and e is in the range of about O
to about 0.9. [0012]1In one enbodi nent the invention provides a

| ubri cati ng[@aapPosilhi it 6QBBAiSnAghe v e@kionQirolidles iaCablicking i E@Skitivn
and an am ne salt of a phosphorus conpound represented by Fornula
(la): FoEpmIPBSE ayn Wile peilgpricating viscosity and an amine salt of a phosphorus

compound represented by Formula (1a):
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Formula (1a)

wherein

A and A' are independently H, or a hydrocarbyl group containing about 1 to
about 30 carbon atoms;

each R and R” group are independently a hydrocarbyl group;

each R’ is independently R, H, or a hydroxyalkyl group;

Y 1is independently R’, or a group represented by RO(R’O)P(O)-
CH(A"YCH(A)- (such as RO(R’0)P(0O)-CH>CH(CHz)-);

x ranges from about 0 to about 1, with the proviso that when x =0, R’ is a
hydroxyalkyl group; and

m and n are both positive non-zero integers, with the proviso that the
sum of (m-+n) is equal to about 4.
[0013] In one embodiment the invention provides a lubricating composition
comprising: an oil of lubricating viscosity; and a sulphur-free amine salt of a
phosphorus compound obtained/obtainable by a process comprising:

(a) reacting: (i) a hydroxy-substituted di- ester of phosphoric acid; and (ii) an
oxygen-containing inorganic phosphorus compound to form an acidic phosphorus
compound; and

(b) reacting the acidic phosphorus compound with an amine.

[0014] In one embodiment the invention provides a lubricating composition

comprising: an oil of lubricating viscosity; and a sulphur-free amine salt of a



A and A" are independently H, or a hydrocarbyl group containing about
1 to about 30 carbon atons; each R and R' group are independently a
hydr ocar byl group; each R is independently R, H or a hydroxyal kyl

group; Y is independently R, or a group represented by

ROQ(R 0) P(0)- CH(ADCH(A)- (such as RQ(R 0)P(0)-CH2CH(CH3) -); X
ranges fromabout O to about 1, with the proviso that when x = 0, R
i s a hydroxyal kyl group; and m and n are both positive

non-zero | ngmgmmsv\bdxhpcsdﬁq stk soblalinble B SHitceds ddRphsing efdtRly AP
about 4. [0013]In one enbodi nent the invention provides a lubricating
conmposi ti on 28BAPMIEY piger b oillydetxytaubstiteted dpsier 8 ahiosghorignaridy or (i) a
sul phur-fre 1 f_a hor.us _co un bt ai ned/.obt ai nabl e
oy b o oSSR Bl BRGEHRTDLS, SETRRY DS A AL AELg

hydr oxy- subg00130t edirdbne estbetiméntRheosN@Itiod @6Vides andethbll Jofafibricating a
oxygen-contai ni ng i norgani ¢ phosphorus conpound to forman acidic |
phosphor us ¢EYpdRfhdleviggd comprising hyuppéides i g then alriveling cdgyinss phbihitsating

conmpound w tc%m%@siﬁ%ﬁfﬁcioggdlﬁéréiﬂ one enbodi nent the invention provides
a lubricating conmposition comprising: an oil of lubricating

viscosity; q00ft@ sulmpbu¢ efbegingdtit Nige sdlehti®f peovides a method of Iubricating a

driveline device comprising supplying to the driveline device a lubricating
composition comprising an oil of lubricating viscosity and a sulphur-free amine
salt of either (i) a hydroxy-substituted di- ester of phosphoric acid, or (ii) a
phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid.
[06017] In one embodiment the invention provides a method of lubricating a
driveline device comprising supplying to the driveline device a lubricating
composition comprising an oil of lubricating viscosity and at least one member
of the group selected from (a), (b) and (c), wherein (a), (b) and (c) are defined
as follows:

(a) an amine salt of a phosphorus compound represented by Formula (1a):
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- Formula (1a) -

wherein

A and A' are independently H, or a hydrocarbyl group containing about 1 to
about 30 carbon atoms;

each R and R” group are independently a hydrocarbyl group;

each R’ is independently R, H, or a hydroxyalkyl group;



phosphor us conpound obt ai ned/ obt ai nabl e by a process conpri si ng:
reacting an amne with either (i) a hydroxy-substituted di-ester of
phosphoric acid, or (ii) a phosphorylated hydroxy-substituted di- or
tri- ester of phosphoric acid. [0015]In one enbodi nent the invention
provides a nethod of lubricating a driveline device conprising
supplying to the driveline device a |ubricating conposition disclosed
herein. [0016] I n one enbodi nent the invention provides a nethod of

| ubricating a dri [ Vi c risin ' L yehidie
device a Iubrica?Y§é ggb %g#ﬁﬁ%nﬁggé%rFs%ﬁ%ﬂgﬁgékﬁgg%PﬂﬁgﬁFgg%¥ﬁg«ﬁ
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acid. [0017 I t the invention provides a nethod of
R, I

| ubricating evi ce conprising supplying to the driveline

device a lubricating ¢o i | sip | : ri |
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and (c), whemgiofi(thd)) isealandbdg}t; are defined as follows: (a) an

am ne salt of a phosphorus conmpound represented by Fornula (la):

Formul a (la) whe(®) fisulphur-free amine salt of a phosphorus compound obtained/obtainable
by a process comprising: reacting an amine with either (1) a hydroxy-substituted di-
ester of phosphoric acid, or (it) a phosphorylated hydroxy-substituted di- or tri-ester

of phosphoric acid; and

(c) a sulphur-free amine salt of a hydroxy-substituted di- ester of phosphoric
acid.
[0018] In one embodiment the invention provides a new class of compounds
represented by Formula (1) and Formula (1a).
[0019] In one embodiment the lubricating compositions described herein further
comprises a grease thickener.
[0020] In one embodiment the invention provides an antiwear agent
comprising at least one compound selected from the group consisting of (a)
sulphur-free amine salt of a phosphorus compound, (b) the compound of Formula
(1a), and (c) either (i) a hydroxy-substituted di- ester of phosphoric acid, or (ii) a
phosphorylated hydroxy-substituted di- or tr- ester of phosphoric acid; as an
antiwear agent suitable for a lubricating composition.
[0021] In one embodiment the invention provides an antiwear agent
comprising either (i) a hydroxy-substituted di- ester of phosphoric acid, or (ii) a
phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid; as an
antiwear agent suitable for a lubricating composition.

DETAILED DESCRIPTION OF THE INVENTION

[6022] The present invention provides a lubricating composition; and a
method for Jubricating a driveline device as disclosed above.

Compound of Formula (1) or Formula (1a)




A and A" are independently H, or a hydrocarbyl group containing about
1 to about 30 carbon atons; each R and R' group are independently a
hydr ocar byl group; each R is independently R, H, or a hydroxyallcyl

group; Y is independently R, or a group represented by
ROQ(R 0) P(0)- CH(A5CH(A)- (such as RQ(R 0)P(0)-CH2CH(CH3) -); X
ranges from about O to about 1, with the proviso that when x = 0, R
I s a hydroxyal kyl group; and m and n are both positive

non-zero int{@grs]s, W tdnet BALHEIMEIE Ahd hdinpolifd Siepredéntédty) Fosmeuah) be
about 4; b) a sul phur-free am ne salt of a phosphorus conpound
obt ai ned/ obtF@rHEl (daipsx gavalcleboednpri sing: reacting an anmine with

either (1) r oxy.- Suhst | .e lLrester of ,phosphoric acid. or (il
a phosphoryletg{weﬁ hy r(?)%?/- éﬁl}héélﬂ%ﬁge di>H pg}lngrligpreeg?ng?d éy gﬂﬁ(r)rg%lﬁopi)co
acid; and Fonnﬁg)(la)iﬁglxghugugﬂwa)@mne salt of a hydroxy-substituted
di - ester of phosphoric acid. [0018]1In one enbodi nent the invention

provi des a d@W¥ ask omecempedingst tepreosmered tspreseited: by Feymalad(l) or

Corm 4 TR RESIOPHARE. e P gl 00 corositions
[0026] In one embodiment the compound represented by Formula (1) or
Formula (1a) has m equal to about 3; and n equal to about 1.
[0027] In one embodiment A and A' independently contain about 1 to about
10, or about 2 to about 6, or about 2 to about 4 carbon atoms.
[0028] In one embodiment R, R’ and R” all independently contain about 1
to about 30, or about 1 to about 20, or about 4 to about 20 carbon atoms.
[0029] In one embodiment R” contains about 8 to about 26, or about 10 to
about 20, or about 13 to about 19 carbon atoms.
[0030] The compound of Formula (1) or Formula (1a) includes amine salts
of a primary amine, a secondary amine, a tertiary amine, or mixtures thereof.
In one embodiment the primary amine includes a tertiary-aliphatic primary
amine.
[0031] Examples of suitable primary amines include ethylamine,
propylamine, butylamine, 2-ethylhexylamine, bis-2-ethylhexylamine,
octylamine, and dodecylamine, as well as such fatty amines as n-octylamine, n-
decylamine, n-dodecylamine, n-tetradecylamine, n-hexadecylamine, n-
octadecylamine and oleyamine. Other wuseful fatty amines include
commercially available fatty amines such as "Armeen®" amines (products
available from Akzo Chemicals, Chicago, Illinois), such as Armeen C, Armeen
O, Armeen OL, Armeen T, Armeen HT, Armeen S and Armeen SD, wherein
the letter designation relates to the fatty group, such as coco, oleyl, tallow, or
stearyl groups.
[0032] Examples of suitable secondary amines include dimethylamine,
diethylamine, dipropylamine, dibutylamine, diamylamine, dihexylamine,

diheptylamine, methylethylamine, ethylbutylamine, N-methyl-1-amino-



[0020] I n one enbodi ment the invention provides an anti wear agent
conprising at |east one conpound selected fromthe group consisting
of (a) sul phur-free am ne salt of a phosphorus conpound, (b) the
conpound of Forrmula (l1a), and (c) either (i) a hydroxy-substituted
di - ester of phosphoric acid, or (ii) a phosphoryl ated

hydr oxy-substituted di- or tri- ester of phosphoric acid; as an
antiwear agent suitable for a lubricating conposition. [0021]In one

enbodi nent ' ti ' ' LSl ' r
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phosphor yl atedidwdimex gusubspipetitad, giperavind sand mesilwilinef phosphoric
acid; as an_antiwear agent suitable for a lubrjcating omi)osi tion.
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has x is equgbmpPesafO4itaBle mixtures of amines include (i) an amine with about 11 to
about 14 carbon atoms on tertiary alkyl primary groups, (ii) an amine with
about 14 to about 18 carbon atoms on tertiary alkyl primary groups, or (iii) an
amine with about 18 to about 22 carbon atoms on tertiary alkyl primary groups.
Other examples of tertiary alkyl primary amines include tert-butylamine, tert-
hexylamine, tert-octylamine (such as 1,1-dimethylhexylamine), tert-decylamine
(such as 1,1-dimethyloctylamine), tertdodecylamine, tert-tetradecylamine, tert-
hexadecylamine, tert-octadecylamine, tert-tetracosanylamine, and tert-
octacosanylamine.
[0035] In one embodiment a useful mixture of amines is "Primene® §1R" or
"Primene® JMT." Primene® 81R and Primene® JMT (both produced and sold
by Rohm & Haas) are mixtures of C11 to C14 tertiary alkyl primary amines and
C18 to C22 tertiary alkyl primary amines respectively.
[0036] In one embodiment the metal ion of Formula (1) is a mono- or di-
valent metal, or mixtures thereof. In one embodiment the metal ion is divalent.
[0037] In one embodiment the metal of the metal ion includes lithium,
sodium, potassium, calcium, magnesium, barium, copper, nickel, tin or zinc.
[0038] In onme embodiment the metal of the metal ion includes lithium,
sodium, calcium, magnesium, or zinc. In one embodiment the metal of the
metal ion is zinc.
[0039] In one embodiment t is equal to about 1, when the compound of
Formula (1) is an amine salt or a metal salt of a monovalent metal.
[0040] In one embodiment t is equal to about 2, when the compound of
Formula (1) is a metal salt of a divalent metal.
[004’1] In one embodiment q is in the range of about 0.5 to 1; and e is in the

range of about 0 to about 0.5.



[0025] I n one enbodi ment the conmpound represented by Fornula (1) or
Formul a (1a) has mequal to about 2; and n equal to about 2. [0026]1n
one enbodi nent the conpound represented by Formula (1) or Formula
(la) has mequal to about 3; and n equal to about 1. [0027]1n one
enbodi mrent A and A" independently contain about 1 to about 10, or
about 2 to about 6, or about 2 to about 4 carbon atons. [0028]1n one
enbodi nent R, R and R' all independently contain about 1 to about

30, or aboutjod43j0 abpuhe 2hbodimakout c@rﬂp@uﬁ@@ﬂFo@ﬁu@@E@O@ 24e08B a metal

[0029] I n one enbodi ment R' contai ns about 8 to about

or about 10

to about 20,10Bfe Hheswel t3zare; ab@ts a@rat & o at ons. [ 0030] The conpound
of Formul a

anm ne,
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one enbodi nEgtqgtdi@opbbiEr.Y anm ne includes a tertiary-aliphatic

primary am ne. [0031] Exanpl es of suitable primary am nes include
et hyl ani ne, Processes to Prepare Compound of Formula (1) and Formula (1a)

[0044] In one embodiment the sulphur-free amine salt of a phosphorus
compound obtained/obtainable by a process comprising: reacting an amine with
either (1) a hydroxy-substituted di-ester of phosphoric acid, or (ii) a phosphorylated
hydroxy-substitated di- or tri- ester of phosphoric acid.
[0045] In one embodiment the salt of a hydroxy-substituted di- ester of
phosphoric acid may be prepared by a process comprising:

(1) reacting a phosphating agent (such as P»Os, P4O14, or equivalents thereof)
with an alcohol, to form a mono- and/or di- phosphate ester;

(i1) reacting the phosphate ester with an alkylene oxide, to form a hydroxy-
substituted di- ester of phosphoric acid; and

(111) salting the hydroxy-substituted di- ester of phosphoric acid is reacted
with an amine and/or metal.
[0046] In one embodiment the hydroxy-substituted di- ester of phosphoric acid
of (ii) is further reacted at least once more, by repeating step (i) above, with a
phosphating agent (typically forming a phosphorylated hydroxy-substituted di- or
tri- ester of phosphoric acid), before salting with an amine and/or metal (as in step
(iii) above).
[6047]  In different embodiments, steps (i) and (ii) are repeated at least once
more, optionally followed by step (i) before salting with an amine and/or metal (as
in step (iii) above). For example the salts may be prepared by a process comprising
performing the steps (i),(ii), and (iii); or (i),(ii),(1), and (iii); or (1),(ii),(),(),
and (iii); (i),(i1),(1),(11),(1), and (i), or (i)(ii),{1),(ii),d), (i), and (iii), or
(1),(11),(1),(11),(1),(11),(i) and (iii), or (1),(ii),(1),(ii),(1),(i),(1),(ii) and (iii), as
defined above.
[0048]  In different embodiments the reaction product yields about 1 wt % to
about 99 wt %, or about 20 wt % to about 80 wt %, or about 35 wt % to about

75 wt %, of the sulphur-free amine salt of a phosphorus compound of the invention.



propyl am ne, butyl am ne, 2-ethyl hexyl am ne, bis-2-ethyl hexyl am ne,
octyl am ne, and dodecyl am ne, as well as such fatty am nes as
n-octyl am ne, ndecyl am ne, n-dodecyl am ne, n-tetradecyl am ne,

n- hexadecyl am ne, noct adecyl am ne and ol eyam ne. O her useful fatty
am nes include comrercially available fatty am nes such as "Arneene"
am nes (products avail able from Akzo Chem cals, Chicago, IIllinois),
such as Ar rreen C, Arneen 0, Aineen O, Arneen T, Arneen HT, Arneen S

and Armeen r@eriﬁ'(ﬁffepﬁntl&tﬂ}ﬁm@ﬁt%' LA AL Hehahesed 8t5'f3tﬁea

group, such'a w, of stearyl groups. ]Exarrpl es
of suitabl epbmhmbyi@m)m;ﬁmte nodludbe rdngastdidbant hd 0 tdlabbhtyliaﬁn oregbout
m ne, di_hexyl am ne,

i heptyl am B CmOH ¥ A R Wy PRBRSta me, N met hy! -1 - ari no-
cycl ohexane OO%IOH‘GQH(&ﬁfe?&taéiﬁbcﬁﬁﬂﬂéh%”%@%di@ rat-mf{bwo&g@ﬁé/ aﬁf@uﬁ?%f

may be cycl nes such as piperidihe, piperazine and norpholine.
[ 0033] Ex arrppkmpdlbrusaz nm isapy(ijaof aléylenneixidietot the mmpriod tazgrd/anﬁm @hogphaterpster

octylamnet am ne, tri-| aur net a d
i et hyl of et 57 b TERkRaBiErs oLiver U OB B -Sheotnaonf e a1
am nes are mhsﬁTe FIR SReOEmBo dAnthUiIR Yl ek %mleeiﬁcl‘ﬁﬁess sty RRE @xfleX btpSRenef
am nes include (i) an amne wth about 11 to about 14 carbon atons on

tertiary al kyidepon batyengr oxigs;, ad ithe amolaniatie of tahcdemutoxide to lLsloury-
18 carbon at ertia pr.i.mar L.oU ) an am ne
wi t h about @3@81?% uFSt??%’QPB'ﬁ%H&a&%HB p? Blip(fls a&’lc’% Ilprl mary
groups. Q hegosfanhemhevbaintdrayfink YkideihdBdes GandescHen elkyi@e oxide;
tert-butyl am ne, terthexylamne, tert-octylam ne (such as

1, 1- di et hylan@){cpq: andlaenatiot e p.].kdfé@;w amdﬁeto( &g Mydepxy-substituted di- ester of
1, 1-di et hy%;ﬁ%#!a@éna@ ) s‘}e t(}lg Cd%l %roa@gr’ raﬁgé’stbetcﬁsg%ﬁiee@%l%ﬁ% ﬁ}gidesa %rg

terthexadec ecy amne, tert-tetracosanyta
terto ct acomybﬁmer@del[&aaﬁj;ﬂdmnmngnbodl ment a useful mxture of

amnes is "Prinene(r) 81R' or "Prinene(r) JMI." Primene(r) E‘ﬁl’”@
Pri mene(r) JW3(]bot e dascaibgd deg 1139'53%@1?08@%8’5511 F"é‘tﬁ’i“ pjpmsats

g}c kCll to Ofd L6Ld baray a%é%},’lbn Qé+§/@?5%x@:ﬁ' 18820 RLB36 o P 2 due 1 k6 OF Yor
yl primary am nes respective

about 40 °C to about 110 °C, or about 45 °C to about 90 °C.
[0054] The process may be carried out at reduced pressure, atmospheric
pressure or above atmospheric pressure. In one embodiment the process may
be carried out at atmospheric pressure or above atmospheric pressure.
[0055] In one embodiment the process is carried out in an inert atmosphere.
Examples of a suitable inert atmosphere include nitrogen, argon, or mixtures
thereof.
[0056] In different embodiments, the alkylene oxide contains about 1 fo
about 10, or about 2 to about 6, or about 2 to about 4 carbon atoms. In one
embodiment the alkylene oxide include ethylene oxide, propylene oxide,
butylene oxide, or mixtures thereof. In one embodiment the alkylene oxide
includes propylene oxide.
[0057] In different embodiments, the alcohol contains about 1 to about 30,
or about 4 to about 24, or about 8 to about 18 carbon atoms.

[0058] The alcohol may be linear or branched.
[0059]  The alcohol may be saturated or unsaturated.
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[0036] I n one enbodi ment the nmetal ion of Fornula (1) is a nono- or

di - valent netal, or mxtures thereof In one enbodi nent the netal ion
Is divalent. [0037]1n one enbodi nent the netal of the netal ion

i ncludes lithium sodium potassium calcium nagnesium barium
copper, nickel, tin or zinc. [0038]In one enbodi nent the netal of
the metal ion includes lithium sodium calcium nagnesium or zinc.
In one enbodi nent the netal of the netal ion is zinc. [0039]In one

enbodi ment 0§60 eqUEkaﬁl?Ie@Qﬁué sﬁzta’ﬁﬁ'@eﬂcéﬂ?ﬁ 18@15&89%&%%1 frep bR dotdndl S

an amne salt or a netal salt of a npnoval ent netal 004 I n one
enbodi ment mongndqudlkdeanahoudodecandien tmﬁ@avohpdahdd@:ranﬁbr mﬁmmd(eo_e)ndi,s

t al | f d I t al | di .
anee of - abdstedttatol “riebadieat  lasudekeqyn o DeEReRtT iy Splsfindt
g fre t al[ 0042]HoR 2 @2n6 066 SPRAlcdhBE 6P MRUNEs Qfiefedf MUERarhiples | 6F L f8taBfe

alcohol include for example, 4-methyl-2-pentanol, 2-ethylhexanol, isooctanol,
or mixtures thereof.

[0061] Examples of commercially available alcohols include Alcohol®
7911, Oxo Alcohol® 7900 and Oxo Alcohol® 1100 of Monsanto; Alphanol®
79 of ICI; Nafol® 1620, Alfol® 610 and Alfol® 810 of Condea (now Sasol);
Epal® 610 and Epal® 810 of Ethyl Corporation; Linevol® 79, Linevol® 911
and Dobanol® 25 L of Shell AG; Lial® 125 of Condea Augusta, Milan;
Dehydad® and Lorol® of Henkel KGaA (now Cognis) as well as Linopol® 7-
11 and Acropol® 91 of Ugine Kuhlmann.

[0062]  Useful amines include amine salts of a primary amine, a secondary
amine, a tertiary amine, or mixtures thereof. A more detailed description of
useful amines is defined above.

Conventional Phosphorus Antiwear and/or Extreme Pressure Agent

[0063] In one embodiment the lubricating composition further comprises a
conventional phosphorus antiwear and/or extreme pressure agent, or mixtures
thereof.

[0064] In one embodiment the lubricating composition is free of a
conventional phosphorus antiwear and/or extreme pressure agents.

[0065] In different embodiments, the conventional phosphorus antiwear
and/or extreme pressure agent is present in a range selected from the group
consisting of about 0 wt % to about 10 wt %, about 0 wt % to about 8 wt %,
about 0 wt % to about 6 wt %, and about 0.05 wt % to about 4 wt %; of the
lubricating composition.

[0066] The conventional phosphorus antiwear and/or extreme pressure agent
includes a non-ionic phosphorus compound, an amine salt of a phosphorus
compound other than those disclosed above (such as an amine salt of a mixture

of monoalkyl and dialkyl phosphoric acid esters), an ammonium salt of a
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ion (e is equal to zero; and q is equal to one). [0043]1In one
enbodinment t is equal to about 1, e is equal to about 0, and q is
equal to about 1. Processes to Prepare Conpound of Forrmula (1) and
Formula (la) [0044]In one enbodi nent the sul phur-free am ne salt of
a phosphorus conpound obt ai ned/ obt ai nabl e by a process conpri sing:
reacting an amne with either (i) a hydroxy-substituted di-ester of
phosphoric acid, or (ii) a phosphorylated hydroxy-substituted di- or

tri- ester o hosphoric acid. [,0045]1n one e di ment t,he salt of
vt ony- cubShelIERR orbfipliid" skfn bR CREsETARARE, Mgtk Bl

process congidiBylafhiophosphatd, h he&ariiallg/lshdipRsehat mtguagenérefsuch as
13205, P4010, or equivalents thereof) wth an alcohol, to forma

nono- and{] ofVQfi7] phiaspieaarebadiment the conveytiqal phesiliopts eV 9RO phiagae
t it . OX] to f . i tut.ed. dj.-
ester w ggesglllr!éyéfeg?‘ &g )s(;(-l:l%gt’ed (i?(lnrln;)tﬁg aﬁq??}% g&ﬁﬁéﬁ% gtf 'ntOHEISH c Sél}otsgﬁélglg

of phosphor acid, r oXy-su

di - ester otophpesidoni tebdi diallsyld#RobRekpiatd) @nmanil Néiatkytiilsphatealand
[0046] I n one enbodi ment the hydroxy-substituted di- ester of
phosphori c a8rBresthersof. is further reacted at |east once more, by

eBect 0 R ) AP ol oo USRI IR F St 5ty 20090

aci d), befoegtrs@akt priegsuse tagean itviudsy andéal dimkaldithasphospisitep Theé ialkyl

above). groups of the dialkyldithiophosphate may be linear or branched containing
about 2 to about 20 carbon atoms, provided that the total number of carbons is
sufficient to make the metal dialkyldithiophosphate oil soluble. The metal of
the metal dialkyldithiophosphate typically includes monovalent or divalent
metals. Examples of suitable metals include sodium, potassium, copper,
calcium, magnesium, barium or zinc. In one embodiment the phosphorus-
containing acid, salt or ester is a zinc dialkyldithiophosphate. Examples of a
suitable zinc dialkylphosphate often referred to as ZDDP, ZDP or ZDTP)
include  zinc  di-(2-methylpropyl)  dithiophosphate, zinc  di-(amyl)
dithiophosphate, zinc di-(1,3-dimethylbutyl) dithiophosphate, zinc di-(heptyl)
dithiophosphate, zinc di-(octyl) dithiophosphate, zinc di-(2-ethylhexyl)
dithiophosphate, zinc  di-(nonyl)  dithiophosphate, =zinc  di-(decyl)
dithiophosphate, zinc di-(dodecyl) dithiophosphate, zinc di-(dodecylphenyl)
dithiophosphate, zinc di-(heptylphenyl) dithiophosphate, or mixtures thereof.
In one embodiment the conventional phosphorus antiwear and/or extreme
pressure agent includes a metal hydrocarbylphosphate or
dihydrocarbylphosphate.
[0069] The hydrocarbyl group of the metal dialkylphosphate includes a
straight-chain or a branched alkyl group, a cyclic alkyl group, a straight-chain
or a branched alkenyl group, an aryl group, or an arylalkyl group.
[0070] In one embodiment the hydrocarbyl group of the metal
dialkylphosphate is an oil soluble alkyl group. The alkyl group typically
includes about 1 to about 40, or about 4 to about 40, or about 4 to about 20, or

about 6 to about 16 carbon atoms.
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[0047] I n different enbodinments, steps (i) and (ii) are repeated at

| east once nore, optionally followed by step (i) before salting with
an am ne and/or netal (as in step (iii) above). For exanple the salts
may be prepared by a process conprising performng the steps
(i),(iit), and (iii); or (i),(ii),(i), and (iii); or
(i),Cit), (i), (i), and (iii); (i),(ii),(i),(ii), (i), and (iii), or
(r)y,civ), (i), (i), (i), (ii), and (iii), O

(i), (i), (i) ) ( Ichain®

GG )Oé?il]) (F%(m%}plek %1{ gth%@ﬁ)al(éga éjl }ini Ifnj 1branch§df alkg | groups include
[ 0048] I n di ﬁ]ﬁ@hehtet@bp@pgbﬁi%ylt hentyb dotxivh rheptyd doetiyl, yxoabrljsleajdouhdécw
%to about 9 bout .20.Wm % out 80 % ut 35
%to about dﬁﬂ’*syf}n@ﬁfwf h@tréﬁ?cmkupewtﬁ%éygrbﬁ%dwl“%%ﬂta%e%&g fstadecy
conmpound of gtr@@psl nvention. [0049]1n different enbodi nents, the nole
ratio in step (1) of the nono- phosphate to di-phosphate incI udes
ranges of alB0T2]1: 10he (o;yalb@laikyl(graup o oab@mboﬁirﬁemtoccaﬁains sgstém arout 5
about 1:2 tq 2:1 r 0050 fferent nts, the
nole ratio ?B&E%‘E{ ﬁﬁarﬁ g%%r?fl B’F' aﬁﬂ%? fdimeny aéf"étpé)fci ?ﬁ%ﬁl cafbon
al kyl ene oXigent o the nono- and/or di- phosphate ester of step (i)

i ncl udes ranges of about 0.6:1 to about 1.5:1, or about 0.8:1 to
about 1.2:1. [00'[31051]3X41mp}:ﬂﬂ@féhb@dblmenlkyalgktwlkimhwei cieloproityld egclohexyl,

et hyl ene oxi de ro ene o or u oxi d rati.o
of 2l Kyl ene SEIoBrED B sty bEet "Pﬁ? t@%c?%qntﬁh&%hﬂ”@oa@m
in step (ii)dimed soe! 10 1. nfcBBp odi mendjefykylcBiRntyl,

oxi de incl udes and hlgher al ky Iene OXI the nole ratio of

al kyl ene oxirathylsyelegeryldr oxy- sdmsftthﬂw@ldh@ﬁ}d est er mttho'&ﬂsbﬂhmipbexyl
wcL0, S Ryl bbgkyses broads ganpagbsseuse | Al pns s
descri bed abastaylethygtRNShdpt)], bed dicdhfiteslenéptenbedbsent s
[0074] In one embodiment the straight-chain or branched alkenyl group
includes those having about 2 to about 30, or about 6 to about 20 carbon atoms.
Examples of the alkenyl group include butenyl, pentenyl, hexenyl, heptenyl,
octenyl, nonenyl, decenyl, undecenyl, dodecenyl, tridecenyl, tetradecenyl,
pentadecenyl, hexadecenyl, heptadecenyl, and octadecenyl group.
[0075] In one embodiment the aryl group includes those having about 6 to
about 18 carbon atoms. Examples of the aryl group include phenyl or naphthyl.
[0076] In one embodiment the aryl group is an arylalkyl group having about
7 to about 26 carbon atoms. Examples of the arylalkyl group include tolyl,
xylyl, ethylphenyl, propylphenyl, butylphenyl, pentylphenyl, hexylphenyl,
heptylphenyl, octylphenyl, nonylphenyl, decylphenyl, = undecylphenyl,
dodecylphenyl, diethylphenyl, dibutylphenyl and dioctylphenyl.
[0077) In one embodiment the“ metal hydrocarbylphosphate or
dihydrocarbylphosphate includes a metal salt of a mono-alkyl phosphate, and in
another embodiment a metal salt of a di-alkyl phosphate.
[0078] In one embodiment the metal of the metal hydrocarbylphosphate or
dihydrocarbylphosphate is a monovalent metal, in another embodiment the

metal is divalent, and in another embodiment the metal is trivalent.
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is carried out at a reaction tenperature in a range of about 30C to
about 140 C, or about 40 C to about 110 C, or about 45 C to about

90C. [0054] The process may be carried out at reduced pressure,

at nospheri c pressure or above atnospheric pressure. In one enbodi nent
the process may be carried out at atnospheric pressure or above

at nospheric pressure. [0055]1n one enbodi nent the process is carried
out in an inert atnosphere. Exanples of a suitable inert atnosphere

i nclude nit , on, or .m xtures, thereof, [0056]In different
enbodinentsﬂﬁgﬁg aﬁ%%lengm%Qideo ont3f ns AH8Lt %ngx’ﬂﬁﬂ?m¥@ﬁmﬁr o1
about 2 to @h9dfoctbyhapRatt iAcludefROithinturs 2bRRMINR! AABaediinORBontium,

enbodi ment thé al kyl'ene oxi de include ethylene oxide, propyl ene
oxi de, but y¢heamiwx| den, opbali, xtidkedszinke tisoteadn mamgargssodilvaenor mhatures

al kyl ene oxghde i-n¢l udes R gﬁ_%/l %nlg ox'tchﬂe. [ Q057]In different
enbodi ment s2FHE L @BRETOLIIIA Hie MSELS 9P about 30, or about 4 to
about 24, ofpoa0put I8 de 8RBYHIrddht CRE bh-RIndHhokPR8] Tagpaha@hakiudsy

be linear or branched. [0059] The al cohol may be saturated or

unsat ur at edcomp@ugsVElaphtwhosss aomgiaxiigapridabn state afie3 wex@nol he

hept anol , O&ér?—{]o%lic phosphorus compound includes a phosphite ester, a phosphate ester,
or mixtures thereof. A more detailed description of the non-ionic phosphorus
compound include column 9, line 48 to column 11, line § of US 6,103,673.
[0081] In one embodiment the amine salt of a phosphorus compound other
than those disclosed herein, is described in US Patent 3,197,405,
[0082] In one embodiment the amine salt of a phosphorus compound other
than those disclosed above, may be prepared by any one of examples 1 to 25 of
US Patent 3,197,405.
[0083] In one embodiment the amine salt of a phosphorus compound other
than those disclosed above, is a reaction product prepared from a
dithiophosphoric acid is reacting with an epoxide or a glycol. This reaction
product is further reacted with a phosphorus acid, anhydride, or lower ester
(where “lower” signifies about 1 to about 8, or about 1 to about 6, or about 1 to
about 4, or 1 to about 2 carbon atoms in the alcohol-derived portion of the
ester). The epoxide includes an aliphatic epoxide or a styrene oxide. Examples
of useful epoxides include ethylene oxide, propylene oxide, butene oxide,
octene oxide, dodecene oxide, styrene oxide and the like. In one embodiment
the epoxide 1s propylene oxide. The glycols include aliphatic glycols having 1
to about 12, or about 2 to about 6, or about 2 to about 3 carbon atoms. The
dithiophosphoric acids, glycols, epoxides, inorganic phosphorus reagents and
methods of reacting the same are described in U.S. Patent numbers 3,197,405

and 3,544,465. The resulting acids are then salted with amines.
[0084] Conventional Preparative FExample 1: An example of suitable

dithiophosphoric acid based product is prepared by adding phosphorus
pentoxide (about 64 grams) at about 58 °C over a period of about 45 minutes to

about 514 grams of hydroxypropyl 0,0-di(1,3-dimethyl-
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nonanol , dodecanol, dodecanol, tridecanol, tetradecanol,

pent adecanol , hexadecanol, heptadecanol, octadecanol, octadecenol
(ol eyl al cohol), nonadecanol, eicosyl-alcohol, or m xtures thereof
Exanpl es of a suitable al cohol include for exanple,

4- et hyl - 2- pent anol , 2-et hyl hexanol, isooctanol, or m xtures thereof
[ 0061] Exanpl es of commercially avail abl e al cohol s include Al cohol (r)
7911, Oxo Al cohol (r) 7900 and Oxo Al cohol (r) 1100 of Mbnsanto;

Al ph I 7 f.1C; I 620, Al fol 610 f ol 8

of Condes. (Aot SalsPporolRhiets ! ste e EgSy (1poclits org hymelbbutyh-
Cor por at i on;pHdspealifihdoid feid bRENOIL1).3 GbleBthidphrAR Ik de A2bbuPs°C).
Shell AG Lial(r) 125 of Condea Augusta, M| an; hydad(r) and

Lorol (r) of Henieikxtueaid hewsod Gogabe)t 38°Cudbt dwutihdpudurs,) niixed Wwidnde
Acropol (r) 9L of i ne Kuhl mgng. 062],Usefll, ~am nes Jd.ncl ude am n
salts of a pCI&Ptr?EI%?Jg%Hﬁ ﬁ%rttjh fgge’i]&?%gr/’ﬁ %ﬁﬂuﬁe—}b Gt efﬁ‘? ;P{}afgnf%?mﬁra out
m xtures theregd. bf weght gabaioesk, davat Imz%nbpfwéigﬁcf b'dllggﬁi',%ﬁi b$ acid
defi ned above. Conventional Phosphorus Antiwear and/or treme
Pressure Agemmbgradéd](broraerheanboliiedrent the | ubricating conposition

further con%iségé_sallﬁﬁoagentional phosphorus antiwear and/or extrene

pressure ag , res thereof [0064]1n one enbodi nent the

| ubricating [@o8®Psi T e efbblfgetha [eRT0AERE @RddosRISRRQY SoRBlkMe AL
and/ or extrene pressure agents. [0065]In different enbodinents, the

convent i onal OTBaspRphife. shEuwedes Hivardr Jexenrepmbpdiowndike argane-suiphide
resent in I ed f i.sting_of ahout O 01
Po about 10 SRR B8’ OPT pdTlb R, fRRRRgk o 08t dhixflred®

6 Wt % and thbaof. 0.05 Wt % to about 4 wt % of the lubricating

conposition. [0Q066] The conventional phosphorus antjwear and/or
extreme pr edolsel ag@mdﬁferent embodiments, the organo-sulphide is present in a range

selected from the group consisting of about 0 wt % to about 10 wt %, about
0.01 wt % to about 10 wt %, about 0.1 wt % to about 8 wt %, and about 0.25 wt
% to about 6 wt %; of the lubricating composition.

Thiadiazole Compound

[0087] Examples of a thiadiazole include 2,5-dimercapto-1,3,4-thiadiazole,
or oligomers thereof, a hydrocarbyl-substituted 2,5-dimercapto~1,3-4-
thiadiazole, a hydrocarbylthio-substituted 2,5-dimercapto-1,3-4-thiadiazole, or
oligomers thereof. The oligomers of hydrocarbyl-substituted 2,5-dimercapto-
1,3-4-thiadiazole typically form by forming a sulphur-sulphur bond between
2,5-dimercapto-1,3-4-thiadiazole units to form oligomers of two or more of
said thiadiazole units.

[0088] Examples of a suitable thiadiazole compound include at least one of
a dimercaptothiadiazole, 2,5-dimercapto-[1,3,4]-thiadiazole, 3,5-dimercapto-
[1,2,4]-thiadiazole, 3,4-dimercapto-[1,2,5]-thiadiazole, or 4-5-dimercapto-
[1,2,3]-thiadaizole. Typically readily available materials such as
2,5-dimercapto-1,3,4-thiadiazole or a hydrocarbyl-substituted 2,5-dimercapto-
1,3-4-thiadiazole or a hydrocarbylthio-substituted 2,5-dimercapto-1,3,4-
thiadiazole are commonly utilised, with 2,5-dimercapto-[1,3,4]-thiadiazole
most commonly utilised due to availability. In different embodiments the

number of carbon atoms on the hydrocarbyl-substituent group includes about 1
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i ncl udes a non-ionic phosphorus conpound, an amine salt of a
phosphorus conmpound ot her than those di scl osed above (such as an

am ne salt of a m xture of nonoal kyl and di al kyl phosphoric acid
esters), an ammoniumsalt of a phosphorus conpound other than those
di scl osed above, a netal dialkyldithiophosphate, a netal

di al kyl phosphate, or m xtures thereof [0067]1n one enbodi nent the
conventional phosphorus antiwear or extrene pressure agent is

sel ected fron1the:ﬁ{oup consisting of non-ionic phosphorus conpound,
a metal di afkgbaittih aphvispharbonaliheabait dital 3bpupRos phraitd toapkput 16, or
m xt ures thg&ﬁﬁ%tkgggglﬁ& one enbodi nent the conventional phosphorus
antiwear and/or extrene pressure agent includes a netal

di al kyl di t hieS9psphatse ehitgodinkiyd, tigy @EBafe th@pound is the reaction product
di al kyl di t hi gphosphate may be | inear or branched contai ning about 2

to about 200tamberclavidhsn algehyieend arimerqsptatbegiazalgnpeie penehishnies

is sufficie I it hi: il. so

The metal obt £Hg! FEER! RIR R A B ShA RIS I o Y kit B oo
monoval ent 04, ¢ atalueBt(ofrebalts]) thoadopl E5 cartbos tdrad| Thaeldehsdd ineludde an
sodi um potassium copper, calcium_ magnesium bariumor, zinc. In one
enmbodi nent ElehHospHBMIRS abmittal # ABodCT garbway atops siepldelyde winthon,

di al kyl di t hisgcgmss @5@&%@@.%&3?10%%@&& %p oagag(i:ﬂ@dekylaﬁima{}@!se

often referr to as I ncl ude

di - ( 2- met hy hperopyd-] 1,8j4)-hhiapheslehat e, zi nz,5diis(@Emidijhid)-[1h3 apiasdihadles,
zinc di-(1, 3-dj nethyl butyl) djthijiophosphate i nc, di - (heptyl

di t hi ophospﬁé?%yﬁﬁﬁlﬁé%%ﬁ%%ﬁm&?m%m&%—&hﬁﬁ :tmfﬂﬁégleg Cudh a5 25-
di - (2- et hyl Rexyl->- it dU\PRBOARRALBthi AL 16 Ak 1918 4} Hiakid ORI OS Phat g
zinc di-(decéﬁ% dﬁ?ﬁioaﬁoggﬁatey%%fﬂc di-fﬁbd£6y1 dﬁthiopﬂosphate?
zi nc di - (dodesigrgstbenebf. di t hi ophosphate, zinc di-(heptyl phenyl)

di t hi ophosp or. m xtures..t hereof.ln.one enbodi nent. the

convent 1 onaktTbs prBrUE ST iRt SRapsRiERE SHP o tpiesgeiest one of
i ncl udes a ned-sis(lBndi@e@ithld)Phoapaideale, di hydpoceishyhphtRsRIgE&)-1,3,4-
[ 0069] The hydrocar byl group of the netal dial kyT_phosphate i ncl udes a
st rai ght - chéltipdigeolg. o dachederdidegyldghivug .3.4-biasiazolal kyl group, a
strai ght - chai ranched al kenyl group, an aryl group, or an

aryl al kyl g%0 58[ QO]In one enbodi nent the hydrocarbyl group of the
met al di al kyo@igsphiat ené Seralfodiilens @k Ubkse sduy| S@rvaups ofhtheahdlybulgheiep
typically includes about 1 to about 40, or abqut 4 _to about 40, or

about 4 to AIETIS0arGRE BRESUE & b Akl S8 RMAGoNn oghsg, embodiments at
least about 55 wt %, or at least about 60 wt % of the polysulphide molecules

are a mixture of tri- or tetra- sulphides.

[0092]  The polysulphide includes a sulphurised organic polysulphide from oils,
fatty acids or ester, olefins or polyolefins.

[0093]  Oils which may be sulfurized include natural or synthetic oils such
as mineral oils, lard oil, carboxylate esters derived from aliphatic alcohols and
fatty acids or aliphatic carboxylic acids (e.g., myristyl oleate and oleyl oleate),
and synthetic unsaturated esters or glycerides.

[0094] Fatty acids include those that contain about § to about 30, or about
12 to about 24 carbon atoms. Examples of fatty acids include oleic, linoleic,
linolenic, and tall oil. Sulphurised fatty acid esters prepared from mixed
unsaturated fatty acid esters such as are obtained from animal fats and
vegetable oils, including tall oil, linseed oil, soybean oil, rapeseed oil, and fish

oil.
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[ 0071] Exanpl es of the straight-chain or branched al kyl groups include
met hyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, octyl, nonyl,
decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
hept adecyl and oct adecyl groups. [0072] The cyclic al kyl group in one
enbodi ment contains system about 5 to about 7 carbon atons, and in
anot her enbodi nent about 6 to about 11 carbon atons. [0073] Exanpl es
of the cyclic al kyl group include cycl opentyl, cycl ohexyl,

cycl ohept yl P, | c%’/ N o di hyl.cycl opentyl ,. .
oyeshepty! guoyp” S EGARLRET MO TP PRI e e o
entyl, di et hyllesne odBtaykenes typically have one or more double bonds. The olefins in

met hyl cycl ohexyl , di net hyl cycl ohexyl, net hyl et hyl cycl ohexyl, di et hyl
cycl ohexyl , PEEh9MEYEIeAd peQitad #PORY | Tyiel sheipt yO, carbon atoms. In ~other

mg
et hyl ey oyl RSB oA HLELUGNC] BDSRLNILCOEPURSy  AOTELD ABfor

. O
enbodi nent the str ain or branche enyl” group I ncludées

t hose havi ngt@houtinZorfeoeiabodimef, the rsubiuised ol &fibetthdedOar atdfn derived
atons. Exanpl es of the al kenyl grout) i ncl ude butenyl, pentenyl,
€

hexenyl , hept®RProPYEI%AADUHERG MPRtenges srigfurey itseainy| , dodeceny!
riecensl, (hphoRcerenil gyBERhadiose e SR ERARATES
i ncl udes t hdsen palynngishe bty kot techniques, an olefin as described above.
[0097] In one embodiment the polysulphide includes dibutyl tetrasulphide,
sulphurised methyl ester of oleic acid, sulphurised alkylphenol, sulphurised
dipentene, sulphurised dicyclopentadiene, sulphurised terpene, and sulphurised
Diels-Alder adducts; phosphosulphurised hydrocarbons.
Friction Modifier
[0098] In one embodiment the lubricating composition further comprises a
friction modifier. In different embodiments, the friction modifier is present in
a range selected from the group consisting of about 0 wt % to about 5 wt %,
about 0.1 wt % to about 4 wt %, about 0.25 wt % to about 3.5 wt %, about 0.5
wt % to about 2.5 wt %, and about 1 wt % to about 2.5 wt %, or about 0.05 wt
% to about 0.5 wt % of the lubricating composition.
[0099]  The friction modifier includes fatty amines, borated glycerol esters,
fatty acid amides, non-borated fatty epoxides, borated fatty epoxides,
alkoxylated fatty amines, borated alkoxylated fatty amines, metal salts of fatty
acids, fatty imidazolines, metal salts of alkyl salicylates (may also be referred
to as a detergent), metal salts of sulphonates (may also be referred to as a
detergent), condensation products of carboxylic acids or polyalkylene-
polyamines, or amides of hydroxyalkyl compounds.
[00100] In one embodiment the friction modifier includes a fatty acid ester of
glycerol. The final product may be in the form of a metal salt, an amide, an
imidazoline, or mixtures thereof. The fatty acids may contain about 6 to about
24, or about 8 to about 18 carbon atoms. The fatty acids may branched or
straight-chain, saturated or unsaturated. Suitable acids include 2-ethylhexanoic,

decanoic, oleic, stearic, isostearic, palmitic, myristic, palmitoleic, linoleic,
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about 18 carbon atons. Exanples of the aryl group include phenyl or
napht hyl . [0076] In one enbodinent the aryl group is an aryl al kyl
group having about 7 to about 26 carbon atons. Exanples of the
aryl al kyl group include tolyl, xylyl, ethyl phenyl, propyl phenyl,

but yl phenyl, pentyl phenyl, hexyl phenyl, heptyl phenyl, octyl phenyl,
nonyl phenyl, decyl phenyl, undecyl phenyl, dodecyl phenyl,

di et hyl phenyl , dibutylphenyl and di octyl phenyl. [0077]1n one

embodi ment t he. net al ocar byl phosphat e_or dlhydrocarbylphosphate
i ncl udes a HBHH, 2gg|l ltHOéfﬂwaa%ﬁ |ﬂa9|acm<f§@ﬁéb%natalﬁ%l nrAdeEgid Ak, palm

embodi ment lm?)h% ?la 63%3 19.& AL derfld E Hl}@é %‘t oglo%g %]n(% perr%%hment the

enbodi nment t hé “Het a e rneta ocar ospha

d|hydrocarby&mmaaﬁhauﬂmn&wainﬁﬁbmaheﬂk:ﬁﬁﬁﬁbfanmﬂahﬁﬂb&ypmﬁbpdhmﬁn&m
t he net al |s g al ent, and in another enbodi ment the netal is
trival ent. FHOr aFIF B meRS | Hhgd PRy I'pHYdphersabpsed and non-

di hydrocar b)élvgﬁ)‘ﬁ n?&@dﬂc&‘?l %@ﬁé&%@'@@?}baﬁ@d %h}éﬁn%”&?tg:%{d“'%sw oleic

strontium chromu i ron, ni cke zZl nc
manganese, scidvene it nomplexes wtﬁehecmfn bé represete Oy neatgeh el rfotrabla

IS zinc. odi the non-j oni.c phasphorus conmpound
i ncl udes co%@blﬁﬁ ‘%ﬁ% Wﬁ]&vmﬁ’gcoélﬁe%%@lﬁﬁétﬁf%‘ﬁ“éf%ﬁl\%deéf
+3 or +5. Theodaofeh %H%Rﬂ%&ﬁ@ﬁﬁs oqgmt@ﬁgﬂﬂna&cwg&%naa@hgﬁmysts%ch as

ester, a phosphate ester, or mxture eof "A nore de
descriptioncﬁﬁmymmnmmmndahmmamﬁasmMErd@hemnpdhadbnncdmd&1nmdmmhn& the

line 48 to colg i f US 0081 | n, one _enbo |nent

the am ne_ s PPUGRAdO ReRNr 06 PonpauNaThrn AR REnT REDETINECRGRet

Lo L e e BB O i a0
condensation product of a fatty acid with about C8 to about C24 atoms, and a
polyalkylene polyamine, and in particular, the product of isostearic acid with
tetraethylenepentamine.
{00101] In one embodiment the friction modifier includes those formed by
the condensation of the hydroxyalkyl compound with an acylating agent or an
amine. A more detailed description of the hydroxyalkyl compound is described
in US Patent Application 60/725360 (filed on October 11, 2005, inventors
Bartley, Lahiri, Baker and Tipton) in paragraphs 8, and 19-21. The friction
modifier disclosed in US Patent Application 60/725360 includes an amide
represented by the formula R'R®N-C(O)R?, wherein R' and R? are each
independently hydrocarbyl groups of at least about 6 carbon atoms and R’ is a
hydroxyalkyl group of about 1 to about 6 carbon atoms or a group formed by
the condensation of said hydroxyalkyl group, through a hydroxyl group thereof,
with an acylating agent. Preparative Examples are disclosed in Examples 1 and
2 (paragraphs 68 and 69 of US Patent Application 60/725360). In one
embodiment the amide of a hydroxylalkyl compound is prepared by reacting
glycolic acid, that is, hydroxyacetic acid, HO-CH,-COOH with an amine.
{00102] In one embodiment the friction modifier includes a secondary or
tertiary amine being represented by the formula R*RSNR®, wherein R* and R®
are each independently an alkyl group of at least about 6 carbon atoms and RS

is hydrogen, a hydrocarbyl group, a hydroxyl-containing alkyl group, or an
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t han those di scl osed above, may be prepared by any one of exanples 1
to 25 of US Patent 3,197,405. [0083]1n one enbodi ment the am ne salt
of a phosphorus conpound ot her than those discl osed above, is a
reaction product prepared froma dithiophosphoric acid is reacting

wi th an epoxide or a glycol. This reaction product is further reacted
wi th a phosphorus acid, anhydride, or |ower ester (where "|ower"
signifies about 1 to about 8, or about 1 to about 6, or about 1 to

about 4, or 1 to about, 2 c on atonms in the al cohol - derlved porti on
of the esterﬂ}mnwn@b@%gd@ﬁwﬁ@r%s AnAFG &té&lteé epviipden b e dyjeiasie

oxi de. Exanp}gsir@f ly%@teﬁbeﬁpﬁxuggﬁatgggtéggﬁcﬁtdwgg@ﬁomcﬂ'ﬁm S %Ye{ $i8%

oxi de, butene OXIde oct ene oxi ne oxi styrene e an
the |like. | rndnd teriiodi rrent t he epoxide is propyl ene oxide. The

gl ycol s |ncI l'i phatic glycols having 1 to bou or about
about 6, lﬁﬂﬁ Plt anaﬁ sm'al%}rtgsrtﬂa PhEnod 3r Ht“%‘tﬁ%éﬁht?éb%‘m Ptoduct

aci ds, gl yCQJfSa BROULARSE abfRL g@ggp catmptﬁ%k&ﬁtﬁ RLBNESaNd Tid B9dSon

of reacting the sane aré descri in US. ‘Patent "nunbers 3,197, 405
and 3, 544, 4aﬁod1ﬁlaemcésd&st¢0mpcamndd$rqyaeed fre Bregmkitec Exarhplamlrmﬁlz of US

[ 0084] Conventi on Pre I, V. anple 1: An exanple of suitable
di t hi ophosp c?rt‘?rg Lipa 8@3@@3% is prepared by addi ng phosphorus

pent oxi de (ghovd4 §64ng Bﬁ@%)nb%trﬁ‘&ﬁ%e ?ﬁct%rpﬁt%rdlt@eﬂ%!u%@s Hfos@ta%ﬂtuetff%om
m nut es to about 514gr ansof hydr oxypropyl 0, O-di (1, 3-di | -

but yl ) phospHbe @@hqti@mqat)éuwétpw%p&aﬁnbch reeEL bf agedcptn(elecsnvzdemtethh;dotﬁ with
utyl)- phosphorodlt c, aci ut. 1.3 r opyl ene oxjde
at” about 2508 atﬂé“’%t?l bilh o 1ot SCtish pogister  GpoBiiias Tt bis

hours, mxech e dar L%@C&@Hsc&ﬁﬁthihga%@ fehitt gbQf Bt caABeHtatdRG TAe

filtrate cont ains a out 8% by wei ght™ phosphorus, about 15.2% by
wei ght sul pHFempin et anclaélf@cﬁgnmdlﬁfer awlt(lftﬁSdhﬁpn@cﬁtﬂn plodayt of isostearic

Or gano- Sul p ne. e the I brlcat |t|on
Further -compiet€ s bTEN dheBe ARRAGLIE Blon PR DB R RS e
enbodi ment  trhereod@ainat gedapipiide fiRhiasSActRn Ihleaﬁier(lﬁl@hsbﬁos%d in US Patent
pol ysul phi de, thiadi azol e conpound, or m xtures thereof_ [0086

di fferent en@ﬁﬂi%ﬁfls 20@%@2(955aﬁ@t shitgmptenals Bybdsatien | WQ04/4 6@52)

paragraphs 8 and 9 to 14.

[00105] In one embodiment the friction modifier includes an alkoxylated
alcohol. A detailed description of suitable alkoxylated alcohols is described in
paragraphs 19 and 20 of US Patent Application 2005/0101497. The
alkoxylated amines are also described in US Patent 5,641,732 in column 7, line
15 to column 9, line 25.

[00106] In one embodiment the friction modifier includes a hydroxyl amine
compound as defined in column 37, line 19, to column 39, line 38 of US Patent
5,534,170. Optionally the hydroxyl amine includes borated as such products are
described in column 39, line 39 to column 40 line 8 of US Patent 5,534,170.
[00107] In one embodiment the friction modifier includes an alkoxylated
amine e.g., an ethoxylated amine derived from about 1.8 % Ethomeen T-12 and
0.90 % Tomah PA-1 as described in Example E of US Patent 5,703,023,
column 28, lines 30 to 46. Other suitable alkoxylated amine compounds
include commercial alkoxylated fatty amines known by the trademark
“ETHOMEEN” and available from Akzo Nobel. Representative examples of
these ETHOMEEN™ materials is ETHOMEEN™ C/12 (bis[2-hydroxyethyl]-
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selected fromthe group consisting of about 0 Wt %to about 10 wt %
about 0.01 wt %to about 10 vt % about 0.1 wt %to about 8 wt % and
about 0.25 wt %to about 6 vt % of the lubricating conposition.

Thi adi azol e Conmpound [0087] Exanpl es of a thiadiazol e include

2, 5-di mercapto-1, 3,4-thi adi azol e, or oligoners thereof, a

hydr ocar byl - substituted 2, 5-di mercapto-1, 3-4- thiadiazole, a
hydrocar byl t hi o- substituted 2, 5-di mercapto-1, 3-4-thi adi azol e, or

ol i goners thereof. The oligonmers of hydrocarbyl -substituted

2, 5- di mer capbetaBink)t hi ﬂ%@M@N%l ca@/QS) fofpﬂlmxwedmm@l{élcocoamme)

sul phur - sul th i

to formoli ﬁm‘?w F@ g’f'gg’ %&FH?@ bﬁ@éﬁjﬁm e
[ 0088] Exarmttﬁ§[20ﬁycﬁ:o§yathﬁl}1t§11mlmﬁhayzOEq"HmmBENW ITYEE udR 1 9dxedBgéne-
one of a dinercaptothi adi azole, 2,5-dinercapto-[1,3,4]-thi adl azol e,
3, 5- di ner captitflioveangine); hi E&I—@ME@NTM 0/12  (bis[ hydroxyethyl]oleyl amme)

4"5- i mor captel VIS i aB 201 o, BT ANy eI e and

mat eri al s SEQM@M%W!SVQBC@QIy@x%ﬁy&nEQI 536¢tadedyearined Fatty amines and
hydr ocar byl - substi tuted 2, 5-di mercaptol, 3-4-thi adi azol e or

hydr ocar byl pmoe;m@%%fammmega@@iﬁ%ﬂ?@@b@@lq%sﬁat@mﬁ ‘baﬁﬂaﬁ’ﬂﬁ e are
| t t 4 t
commoniy ut (048 L0 SBol R AP tclidn SndoimblAHLAE0 BolRY estep oo

nunber of cdef@bedtioms Pehhs, 7B&dﬂﬁ®@[lﬁﬂﬂ1 {slihs H0 toledtungl 9Ujnd 28:1 udes
about 1 to about 30, about 2 to about 25, about 4 to about 20, about

6 to about 180148 alsogre gmakpdimsnt the fricoesITedishdnenietieniont pPoiensy
thi adi azol e gﬁ&ﬁ%;?%%ﬁér £J‘§e§cgl%8& ﬁ%@pﬁ?&fﬁ% @i . ngkff@gf»unm éhh 28 to

al dehyde an ner capt ot Iazo hén an’ a

phenol wher ebhiniha, hhk;zﬁ gﬂSleatmbrﬁ,&40;6621ﬁ1ﬂ1&ashscﬂhmtm&plmmg3 habdﬂt
6 to 24, or abouyt 6 ,about %%to abou 12_.carbon atons.

al dehyde i nd® feb¥0a =ala%r%ﬁdép ﬁ?:ﬂlﬂ‘ieﬁ‘@ saBBd mathpds &Soraﬁepefn% Bordow

atoms or an RtLeDyHesy fldapRer. such as founal dehyde. Usef ul
t hi adi azol e conpounds 1 ncl ude 2-al kyl di t hi o-5-

mer capt o- [ 1,[6040]t hinaclheagmbediment the friction modifier includes a reaction product
2,5-bis(al kyl.dithio)[]l, 3 4]-thiadiazoles, . . . .

2. a1 iyt hydr Sy BhEaRIEERATESG. SOHEPR S beciaic sy dpde . b
as 245- described in US Patent 5,840, 663 in coiumn 2 hnes 18 to 43. Specific
hept y1- 2- hydr oxyphenyl net hyl t hi o] - -hercapto-[1,3,4] -thiadiazol e

and m xt ur e$mheeiBents| oI fmuctmem%ﬁ@r d@ﬁwlbteﬁemt SalpigrbPeS40etfsoard
275 bi o(ter ¢ ERR FBF TR ™1 SRR fr JiRea231S 508 805 SBonfTERTRTS
-1,3,4- thi ﬁa@p@seare durtRerbdibelsfddeit edanwl 4ilide 4 tdl c@pdnt $iladd 2z of &S
Patent 5,840,663.
[00111] In one embodiment the friction modifier includes an
alkylphosphonate mono- or di- ester sold commercially by Rhodia under the
trademark Duraphos® DMODP.
[00112] In one embodiment the friction modifier includes a borated fatty
epoxide or alkylene oxide, known from Canadian Patent No. 1,188,704. These
oil-soluble boron-containing compositions are prepared by reacting, at a
temperature of about 80°C to about 250°C, boric acid or boron trioxide with at
least one fatty epoxide or alkylene oxide. The fatty epoxide or alkylene oxide
typically contains at least about 8 carbon atoms in the fatty groups of the

epoxide (or the alkylene groups of the alkylene oxide).
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Pol ysul phide [0091]1n one enbodi nent at |east about 50 wt % of the
pol ysul phi de nol ecules are a m xture of tri- or tetra- sulphides. In
ot her enbodi nents at | east about 55 wt % or at |east about 60 wt %
of the pol ysul phide nol ecules are a mxture of tri- or tetra-

sul phi des. [0092] The pol ysul phi de includes a sul phuri sed organic

pol ysul phide fromoils, fatty acids or ester, olefins or polyolefins
[0093]QIls which may be sul furized include natural or synthetic oils
such as mneral oils, lard oil, carboxylate esters derived from

al i phatic allé®Hdls Bheiberated fafiyiapsxises anclpdaihose chansieyised by dhgmethod
e.g., ri | eyl ' at

cators or oryearRe e ErE e inPURRt B PR ¥FIIE et RS RO

about 8 to abcufes3Boroar tridxadd o ZintyoofliositvaRduc dston oftbonk. admk dnplludimg

of fatty acids Jinclude ol eig linoleic, ljnolenic, and tall qil

Sul phur i sed TelfRsiicagsid (BH Qs opheder eacitr (B sad (rgaraitcardd FHaBlp),
act 0 osters ot uithopriph8ibkanand  LOMAY MMkadidhs ANG HBARkADHE. Bl

i ncluding t i nsee soybean oil, rapese
oi | . [ 0095} dthe op odageut phiodeaget|Ride gedrelly asowel:D2édofabont &:4niod@bout

range of al kepes. The al kenes typically haye one or,_nore doubl e
bonds. The o bfd AR rids AiB6d} Frehe CORISH RRHERAIAES Boldsn comgounds
carbon ato 3 =Yl £ j Fogys
16, or abou T%‘!a?%@gggﬂ‘?ﬁ cgir bon %g%ﬁt_@a?ﬁ%g%%%%ﬁpeﬁ%& €
sul phuri sed tol220P@, bneboaes0GHC ol ebowr 200°0y ddr Brmmicgr epiilrensifficient for

R T R S R N D IN R TR
of a substantially inert, normally liquid organic diluent. During the reaction,
water is evolved and may be removed by distillation.

Qils of Lubricating Viscosity

[00114] The lubricating oil composition includes natural or synthetic oils of
lubricating viscosity, oil derived from hydrocracking, hydrogenation,
hydrofinishing, and unrefined, refined and re-refined oils and mixtures thereof.
[00115] Natural oils include animal oils, vegetable oils, mineral oils and
mixtures thereof. Synthetic oils include hydrocarbon oils, silicon-based oils,
and ligquid esters of phosphorus-containing acids. Synthetic oils may be
produced by Fischer-Tropsch gas-to-liquid synthetic procedure as well as other
gas-to-liquid oils. In one embodiment the composition of the present invention
is useful when employed in a gas-to-liquid oil. Often Fischer-Tropsch
hydrocarbons or waxes may be hydroisomerised.

[00116] In one embodiment the base oil comprises a polyalphaolefin
including a PAO-2, PAO-4, PAO-5, PAO-6, PAO-7 or PAO-8. The
polyalphaolefin in one embodiment is prepared from dodecene and in another
embodiment from decene.

[00117] In one embodiment the oil of lubricating viscosity is an ester such as
an adipate.

[00118] In one embodiment the oil of lubricating viscosity is at least in-part a
polymer (may also be referred to as a viscosity modifier) including

hydrogenated copolymers of styrene-butadiene, ethylene-propylene polymers,

21



from pol ymeri sing by known techni ques, an olefin as described above.
[0097] I n one enbodi ment the pol ysul phide includes dibutyl

t et rasul phi de, sul phurised nethyl ester of oleic acid, sulphurised
al kyl phenol , sul phm sed di pentene, sul phurised dicycl opent adi ene,
sul phuri sed terpene, and sul phuri sed Di el s- Al der adducts;
phosphosul phuri sed hydrocarbons. Friction Mdifier [0098]In one
enbodi nent the lubricating conposition further conprises a friction
nodifier. In different enbodinments, the friction nodifier is present
in a range B@llyé?@be@nés,onhydreggrab@q:) CSOYTBﬁ@-ﬁSiO@gel‘@f abouter whydtogenated
about 5 w % about 0.1 w 0 u%' W about . 0. éﬁ w %%to
Sbout 3.5 wFCBERSBelBrS RebURERCHat i icTo, PRACRHE: G w0
about 2.5 whollkl staeHés, ([)alﬂénilﬁ apflt Qorfiieitbd OdiendMcoYoBimdriie polyolefins,

| ubricating COTTPOSI t1on. The frictron nodifier i'ncludes fatty
am nes, bor poled kgllyetéamyi?égs en esthrst efymalsiiel anlmydatisle; stywgne l@@palwmzs aiht y

epoxi des fa t Xi al koxyl df ra

o Koxyl ot e VEEey ShoRtiErens, GF habmePopefiEl pdimiuilfe, 08 2eR,
i m dazol i neﬁolyaa@edtesabids @Jtepal kyblyaRdyi@¥ihatSatbsByndl %@teﬂe s£f phrsd
to as a det ergenld)ﬁ nmetal salts of sul phonates (nmay al so be referred

to as a detéﬁl’g@ﬁ -styrgnel epRAEyingrs, ppbdedtdenss of aripbigs theredi ds or

' e erbollChial tRet, P BRR R Y Srbidiite SRR SRy ORI

of glycerol poﬂ]ﬁ&rf(bflaisc@ilﬁ}dﬂibﬁlﬁ@'y pb&ehnid higbobMabbuta) MEtElto dbhit 7@n
amde, an im dazol i ne, m xtures thereof The fatty acids na
uah%l%waﬂrme

contai n abodt Goféheab@lljltca%g cerpagisign. gnianeapaadingitcthe

fatty acids, t I

Sui t abl e aC| ﬁ;ﬁﬁg glta% h@&)h xan (oq‘%%&Sltﬁgﬁgaﬁeﬁjp%rse%?%a}aﬁg% s

i sostearic, ahnaitrriitwt Yo nipr BisditcoS pad 1% tafl eieC Jubiridatingi eompdsitidi.c, Innode

| i nol eni c acids,. and t he, a% s.fromthe patural products taIIow pal m
oil, olive F‘ﬁﬂg e (e oft ot ! ‘gﬁmﬁggwmfgﬁﬁy R S4B G PYYIeT {95 Vdﬁ?é’my
enbodi ment mlﬁ@r;]wes@ﬁt #h fa%g@é 6F SbSf! b o/t 60 190, TPraBb I 18 7Bk 2
salt, typically thé netal 1nCludes zinc or calciunm and the products

i ncl ude overbagedlawtl %onbvtbe blabadam@dlmlmsﬂﬁ)mnplnesmaranb«r@ma&ie

cal ci um sal basi c oleic acid-zinc salt exes. whi

Fepr esent ed Iy RHRE GRS pbR S0 SR cBSRRRERE Vi oHE coRBRe
an am de, tﬁﬁx@l@ébd@ﬁéa.ﬁéc@@ltjﬂhﬂfﬂiﬁér bR la O8] GhOGE PR AR BskeVdil.n In one
anmonia, or wWith pri mar¥ or secondary am nes such as diethyl am ne and
di et hanol anméodwmﬁ they lythecatipe rrogfpoaitiame qzios iangnthalie ¢baddiyiatios
product of gn.acid with a diamne or polyam ne such as a

pol yet hyl enepo yam ne. In one enbodi nent the friction nodifier is the
condensat i of0qEROYucDilobf mﬁredatmvasﬁsctbsmtlhaﬁbmutbﬁeﬂzmdazimsiiec{ﬂﬁ in the
atons, and a pol yal kyl ene pol yam ne, and in EF;’;II"[I cular, the pr oduct

of i sost ear PENEEGH Rfﬁ’f'{q%e%tha%tgmy%% Base (ihfigehapgrabgity Gyidelires. In
enbodi ment e eE{Hﬁ%h&grtEB% ub&&%{xﬂg%gsc%?ﬁ% QLB 2P BTN Grou ﬁl II,

condensation of t oxya conpo an-acyl ati ng agent
an ani ne. Alﬁpw dfét‘él besk dﬂ,sor mpikiwons dieredl daﬂdmoa«mhétyémbﬁﬂrpmnnmms
at| on 60/725360 (fil ed on Cct ober

d bed |
283%,” i ﬁve'n pup E’Zﬁﬁr t\j%%g%.h Hor mighures theseoty Iataéwy qrﬁfﬂd%?ﬂ&@?l&pthg 081 of
and 19-21. nﬁtﬁqééw‘ahgtw%sﬂg%B'c%uglm% %aé ?nﬁ’%%ﬁ&th’%ﬁ%ﬁ'b%&ﬁa

60/ 725360 | an am de repreSent ormula R1
wherei n Rl &irduiRPVarase edch independently hydr ocar byl groups of at

| east about rbon, atons a i s.a hydroxyal kyl up of abo
to about 6 é@ﬁ"ﬁ?@ﬂ ot Bramg Pnfaofgﬁhs&f} tiorhERRE ViReoL; %@%ﬂﬁé}ﬁpl&?ﬁ'&a}%
hydr oxyal Ky, @@ P@mﬁﬂﬁ%’%ﬁuﬂﬁqa@ﬁ@/ froflf ttlh@rv@co’%1th¥‘%ﬁrﬂ @@he amount

acyl ating agent. Preparative Exanpl es are disclosed in Exanples 1 and
2 (paragraphd @8 awhSindt oS et en¢seAppiniventiomn tisd/ ZREBE0)modifiegnéhe

conventional phosphorus antiwear and/or extreme pressure agent, the organo-

sulphide, and the other performance additives (described below).
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am ne-contai ning al kyl group. A nore detail ed description of the
friction nodifier is described in US Patent Application 2005/ 037897

i n paragraphs 8 and 19 to 22. [00103] In one enbodinment the friction
nodi fier includes a reaction product of a di-cocoal kyl am ne (or

di -cocoam ne) with glycolic acid. The friction nodifier includes
conpounds prepared in Preparative Exanples 1 and 2 of US Patent
Application 60/820516. [00104] In one enbodinent the friction

nodi fier includes those derived fromthe reaction product of a
carboxylic 4802r I peacnibpdireenti thallebticatingr ewfipegitipn an in the form of a

ani noal cohol rein e friction difi,.er contai,ns_at | east t .
i oon byt <peaSizet BdAF o B HOReIBE i GO (IR bRk AR, coining
exanpl e of suehiva, tiid 6tda0-smehilieeind iR boes pel@rmeasd h@ditipePdrcCin e
i sostearic acid or an al kyl succinic anhydride with

tri s- hydr ox e 9f | saeanceneisadriciamayree eembined gvige seditionprbail ¢ fetmhing

friction noqi.fier_ .l Lscl.o i . | i i [ 220
(or Inter naﬁ}%}rilglorpﬁjbg%i@atai %ﬁ%@iﬁﬂ%ﬁ%ﬁgggr gg&%%%gﬁ%%giﬁé%&?ghe
14. [00105] lhtieutiagerddostisimnt td e bil io@"ﬂhﬁlﬁcd’lﬁ%i Vikedsifynalaagies @iMuent oil
al koxyl ated al cohol. A detail ed description of suitable al koxyl at ed
al cohol s i s 1Edyde ithredangss prr e ph2® 10 abadt 39 loby Uil ertabout 80:20 to

Application a%§9€{@§@§§%eigﬁpe al koxyl ated am nes are al so descri bed
, 647 I 3

in US Patent n°colum 7, line 15 to colum 9, line 25.
[ 00106] | n anbechidcimmnrt Addtif¢i ction nodifier includes a hydroxyl
am ne conpound as defined in colum 37, line 19

, I |l um 39, 1i
38 of US PalBMZ3, 5¥he sompossondtahe yriensionyatiskplly £ither nekidas ab least
b t ed i i i. I
ool 401 DLERRGIEIDALE A BERGE) 0 ol e addififectichfle metal

the frictionleautthdtomr detecgerdgsdiaperabkoxyisabety amdi@em, dispessant viscosity
et hoxyl ated amj.ne derived, from aboyt 1.8. 9% Ethqneen. T-12 and 0. 90.%
Tomah PA-1 &80 Bt HPTIdpns a fpfresipn (R ?ﬂ@s{%}‘%@:ﬁe@ﬁ% S,
28, |ines 3QobPpdfirt dEpRBEarntYisbANCeIBhK Al £l ANiHHRs GRgREUNdS

i ncl ude conmmerci al al koxyl ated fatty am nes known by the trademark
"ETHOMVEEN' dA012djai [mldliigefent emblodmnemtobiie. toRdpeaskimedt dnyend xeihihleesthof
t hese ETHOVEENIm material.s is ET ENTm /.12 (his[2- roxyethyl ] -
Coco- ar ne) TETRCRERNTAISGE SOFPELTRT FyPERE (8 g) TAoge Splekiaar s Y droup
ETHOVEENTM JohdistiRi S 2boidy o6 td ubdedmmt PR)abo bl BIOMEENTID d6oli? 15 wt %,
(bi s[ 2- hydr oxyet hy %’-tal | ow- am ne); ETHOVEENTmM T/ 15 .

( pol yoxyet hyandridpst &l Woimte shopt 1EmHGES D lopricating composition. Although
bi s[ 2- hydr oxye |10l - anl : 1 .S 2-hvdro

(bi s| 2-hydroyyeth %ﬁg%gﬁﬁ@%ﬂﬂ%@! Al Sh s B ITORYSHINbA

o ctad ecyl am ne

( pol yoxyet hytoeried dfilee peafdenyhamadd)ivedat by pagsenet adifteredthanyhiat eelative
fatty amnes are al so described in U S. Patent 4,741,848. [00108] In
one enbodi méAtEREMAIHEE] ¢t on nodifier includes a polyol ester as
described i at LY 7 i 4 i

28. [00109] rtloh’ﬁoﬁe g‘%ﬁ’%ﬁ‘%‘éﬁ% ﬂ]t%le&?{r‘ﬁld%d%ﬁuﬂﬁ‘o‘gﬁ?@#d? n@%%@%@%ﬁﬁﬁn
pot ency fri atitiiocarbathhiesy salphdeiset iddefing, nhibGeredt pidnols, 84Mif6 2cdnmpounds
colum 2, line 28 tg col .3, line 26. US Patent 5,840,662 further
di scl oses i rFUBI w?l?xlaﬁeﬁﬂlpi@nmﬁ%%Wpas%alm AEnoBYls galienytamine, octyl
materials a . i . potency friction nodifier.
[00110] In ﬁgﬂ%ﬁ%@%@%%{@{ ngﬁ rdlﬁglte:hgﬁlﬂr%gg‘l'fi er includes a reaction
product of adi2ehedseageaiskeniidesubatrilt ot ededbacgl detergaiy,dNEdeaad oa
pol yam ne as described ip US Patent 5,840,663 in colum 2, |lines 18,
to 43. Speci 19T NG RRIA R RSO P L1 %H?%t kARG srHtherr HaRlionaRetpl wih
Patent 5, 840,063 4 tdi S @%ﬂ?s 1eR4teMR sBphbhite, £ 9L Lam
4, line 35. Pr epalr%gﬁ {)/e Eggﬂr?pges&g e further isgﬁlgsgg i'h c%lfbg}r%ﬁﬁ 4, 7
i ne 45 to caolphospierud ianid, 37meohoUSndat entdi-Sh8xdho§piBric acid, a saligenin, an

alkylsalicylate, and a salixarate.

[00127] Dispersants include N-substituted long chain alkenyl succinimides,

as well as Mannich condensation products as well as post-treated versions
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[00111] In one enbodinent the friction nodifier includes an

al kyl phosphonat e nono- or di- ester sold comrercially by Rhodia under
the trademark Duraphose DMODP. [00112] In one enbodinent the friction
nodi fier includes a borated fatty epoxide or al kyl ene oxi de, known
from Canadi an Patent No. 1,188,704. These oil-sol uble

bor on-cont ai ni ng conpositions are prepared by reacting, at a

t enperature of about 80C to about 250C, boric acid or boron trioxide
with at | east one fatty epoxide or al kyl ene oxide. The fatty epoxi de
or al kyl enetlexéafe Rospiteatddydispataitnsncdhtidd #asé bgheadtioh withhoes, ahionsead, n
the fatty groups of the epoxide (or. the alkylene groups of the K .

al kyl ene” oxfie rpapte%ﬁgaoq%éaﬁwmaéiél&ph% 91%@515@68% gopes cadexyhiep aeids
char act eri sgdaByalBe. BLAAtkd Obuddil BISRAGRLI OftlCh chQBLY eShdibE
reaction of two naterials. Reagent A includes ’boron ttioxide ér any
of the vari ocorspbardss and phosphoracdodnpovakdsdi ng et aboric acid (HB02),
ort hoboric i 03) and tetraborjc acid,(H213407), qr orthoboric
aci d. Reageglfdlgss :%E&H’@se“gtfoqtl’é‘&%“ SReRYAny il Sc?e}?grﬂ?g H?El”éﬁr’]b"rté{{epﬁ
of reagent é;éc@niﬁﬁé&e”tl“%i@ 19E0RS Aty @PAWErabe O needfla?DOMbnd: dF @E
about 1:1 to about 1:3, ©Or about 1:2. The borated fatty epoXi des

i ncl udes copplyisvdstyperp aress Hyom| abodi #G0 ttheabowo S0eGgentisowd i Oheathang
t hem at tengg{)(ﬁéure of 80C to 250C, or about 100C to about 200C, for
a period of sufficient for reaction to take place. If desired,
the reacti OT‘OMF bernelifg6kat dutbddiBeMsESRECEisPérsantS Wradht 3h! ¥ range
inert, normally liquid organic diluent. During the reaction, water 1s
evol ved andsetagteddromartbe emoty cdngsting af iabout Miwis%ofo Rbduti dawit§g, about

Viscosity | 14] ,Jhe l.ubricati oi l. co itiop |ncludes nagur Qr
synt heti c 0|8I 3'fll %u%r?%oﬁtiﬁgWG%c%Ft%,oﬁﬁﬂ Evér‘P"v da#?‘gnf S 2
hydr ocr acki mghridayids@g titea, hydrofini shing, and unrefined, refined
and re-refined oils and m xtures thereof. [00115] Natural oils

i ncl ude ani MA139 | sVisgagjbt appdifiers sclydm dydrogsnated spppoliymenyr ef styrene-
t her eof Syn be 00 Ls hncl r il R -b '
and |i quid 3332 gﬁéélebf e%%%%r%rgg %gn%§§éﬂ%ﬁg’ci ﬁ%lyﬁgb{ﬁ#ﬁg%i ?3@??%“%%?
be produced styertd-Bopene hadpsels, Gigdrdgenhied ischrey® pbbinhers ppalgr@titaeryste
wel | as other, gas-to-liquid oils. In on? nbodi ment t he go[ggosi tion
of the presémtd §rEntqlysrryaiq ad psteph el abpyloiiegneh abkegal 2130 copiggeipd
oil. Oten KisEhess r ;
vl of somer g, IOUTIET T Geane BORRIImERRERINGY BF cusnoel ayeie
pol yal phaol ehhydrideebtytinegeapoPAfe?, PipersanPAcosityPARd{ie®AD{tEn geferred

PAO- 8. The pol yal efin in_one. enmhodj nent i repared from
dodecene angoi N aﬁ%ﬁtrmgﬁggdif%%{onf 18‘?4 q%‘ggﬂ]:?.%nﬁ)ﬂ%i7TX3IHP‘P18neethylene‘
enbodi ment thepAkhe 8bpdiyetCalat Mavy b Fhtdtionalisdl S8thethe $e6AioASp@dduct
adip ate. [00118] In one enbodi ment the oil of lubricating viscosity
is at |east ofrmpgic aghydsidgrand fmamming.so pplymathegpylge fenciionalissdswiliany
nodi fier) incl.udin dr ogenat ed, ¢ | yners of styrene-.hut adi ene,
ethyl ene. pr Ay Eng® SOFPHGRENS SnGRRE: HORR e S GEE RuL R UrhtlE; may
styrene-i soplgige PRIINARRES coMyosiape Batiedinvenpsene pol yners,

pol ynmet hacryl ate acid esters, _E_ol yacryl ate acid esters, polyal kyl
styrenes, allRBR3Al afprrogion versdiietede opdyreRe  oGy1oat. e PpRisnsation
pol yal kyl net F f. i ydri de- St yr .
Doy or T AR BE 580, ERLSERC oL T S RN S TLARE R as ot

pol ymet hacr ydcad evideiadp&igh@ise, qaoh akiaydzale cagipdukdtdisibed above. Metal
pol yal kyl met hacryl ates and esters of maleic anhydri de-_stﬁrene )
copol yners, dseryvaierutesiade oferivativay eof thgazeisnzoles (typically tolyltriazole),

1,2,4—triazoles,' benzimidazoles, 2-alkyldithiobenzimidazoles or 2-
alkyldithiobenzothiazoles.

[66132] Foam inhibitors include copolymers of ethyl acrylate and 2-
ethylhexylacrylate and optionally vinyl acetate. Demulsifiers include trialkyl

phosphates, polyethylene glycols, polyethylene oxides, polypropylene oxides
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[00119] In one enbodinent the oil of lubricating viscosity may
contain a polynmer (or viscosity nodifier) present in ranges of about
Ow %to about 70 wt % of the |ubricating conposition. In one

enbodi ment the oil of lubricating viscosity may contain a polymer (or
viscosity nodifier) present in ranges of about 5 wt %to about 65 wt
% of the lubricating conposition. In one enbodi nent the oil of

| ubricating viscosity may contain a polynmer (or viscosity nodifier)

present in range%tyof about 10 to about 60 wt %_or about 15w %to
about 50 wt gl dethyleae|Oxpds-BEOPYHG e ORI NAYBRS. |EPus peid sisBERspasys inchede

| ubricating o5t €O i ) Il i i.ng vyl i
cont ai ni ng r%g%?gljr gg %@&égv?@g%%ﬁt&y&%g%fi élﬂéﬁ dgﬁﬁ%ﬁgﬁ é{%lz%&ﬂa]tté’soror
| V base oi | polyacoyleméddsodaak ntvell hgehtuhindlods Eagor dOigptsi-3 70RO DB 80)nmda
synthetic oil of lubricatjng vi i.ty. [00120] G ls of lubricating
viscosity X&P%H’&éﬂé@i & Féigg@@m fied in the Anerican Petrol eum
Institute (/@J&S@ase Ol Interchangeability CGuidelines. In one

enbodi ment t | of lubricating viscosity conprises an APl Goup I,
L, 1, 1V [08433) basecoehbodiment xther ebrichts e aompendiann desweibleér herein
enbodi nent | . Goup I], Ill, I'V hase oil m xtures thereof In .
anot her enbggﬂﬁ%tw EISEY 12 GreasghHiEiichg %@%é&?y@gcaﬂ@ SOFRISitics
| V base oi | 3afhrigs %ngltefaé'é ARER MBI oA Qb InayPBE &lelblibed 99_1&2%{%%

The amount of the oil~ of lubricating viscosity present, is typically

t he bal ance coerpmisitiomg after subtracting from about 100 wt %t he sum
of the anou t he, conpounds .of the esent inventio the. friction
o f1er ¢ REOEHH, e RbF GRERSRohen HEIGIAS, Ratsram GPorbBopb R torgante
pressure ag ??)twde}sh QuéH 98NAg¥| BiYad8-clARI teh® N SimBETHREATBRE e, carbon
addi tives (described bel ow). 00122]" Tn one enbodi ment the .

| ubri cati ng bdaskp adgments, cepher niihalpoyanind oa michuesn thereef, fig/a0earhoxylic
fully forrmul ated lubricant.. |[f the phosphorus contai ning,additiye

the or gano- a0l pnEPbFER iR b e AR e Ra S e BB bl MEreon,
foimof a cqigenpsguealomiicleady(ivpméaibisnBeresft h additional oil to
form in whole or in part, a finished lubricant), the ratio of the

. conponent s dPOII | braneatihegdicsmp dbpt 6ase dhickenesils rivadbfoantcelrate.
about 997 1" by gsibhe Seloeiieher RSN Ao AR Rss AR b il tpiie

Per f or mance ohdni dverBasedQ21A8in ddtkogdaeosint drenembodibent twegichonthickener
optionally f.urd%her i ncludes at |east one ot ger formance additi \/%.
ar f P th a

pe
The ot her ~ pdf f6FivaRdEPB M PYFRaSSdnealtiyE el nofB dnts gep mixed wi

det ergents, QiSRRG or ¥§cosity nodifiers, dispersant viscosity
modi fiers, antioXidants, corrosion inhibitors, foaminhibitors,

denul si fi er §00pdeir Pbkntarbiepliessan tangd/ o esskersivetdoif igcladgen t snommdor poly-
m xtures thereof [[00124] Ln different_.enbodinents, the total, conbi ped
Punt of 1 o 20 b e felst ThEROE FE PGB0 oLt Op P e RSTER a1 Be

range sel eCt;ﬁﬁyéa&B@%}ﬁlﬁe aB1d0URI P NSk &t h{b@ 9t @Qﬁ%r%ﬁ%ic%&& Aost 28
w % about 0.1 wt %to about 15 wt % and about 0.5'w % to about 10

w % of thehexgofi cating conposition. Al though one or nore of the

ot her perfor additives may be.present, Jit. i ommon for. th
other perf or UMD adaptis FeeetREgRRy i dotived FER Mot ot of o
relative to @asdk@idasid ah@0E 25 er AUR@XIHdANER] itthdtdea By R deMMaikaline
conpounds such as nol ybdenum di t hi ocar bamat es, sul phuri sed ol ef i ns,

hi nder ed phemnetas, alaminivgn espounes thewdefasEatkpleat afdsultabhe mydtalyi inekide
(typically disnonyl diphenyl am ne, octyl diphenylamne, or .di-actyl

(i Dhenyl ani ngAnY peRPIER: 6P Guftbs SRt REGTHE BPT e Aougom and
detergents, NewheRl aRryf. NORN-NRWRBbaRreRageCmeail tificRbed!1$Bhim, calcium,
al kaline earth or transition metals with one or nore of a phenate, a

sul phuri sed @neneivg oamixiupdroaresf. dneackrmbadimenicihg metabinsbplesdiikium.
In one embodiment the metal includes calcium.
[00138] In one embodiment the carboxylic acid and/or ester includes one or

more branched alicyclic or linear, saturated or unsaturated, mono- or poly-
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t hereof Post-treated dispersants include those by reaction with urea,
t hi ourea, di mercaptothi adi azol es, carbon di sul phi de, al dehydes,

ket ones, carboxylic acids, hydrocarbon-substituted succinic
anhydrides, nitriles, epoxides, boron conpounds, and phosphorus
conpounds. [00128] In one enbodi nent the dispersant includes a
bor at ed pol yi sobutyl ene succinimde. Typically the nunber average

nol ecul ar wei ght of the polyi sobutyl ene ranges from about 450 to
about 5000, or about 550 to about 2500. [00129] In different

enbodi ment s hydteaydiwdpengeahtorimspbggerd carbaxylangeidsalndédreesténsondit loge

group consi sting. of out .0 wt. % to.about 10 wt 9% about. 0.Q1 %to
about 10 we POTEnIABRRgo e At STAB O U e GFY HAOFHE | 3 EPhg
conposi ti onemhe@ik38: Wk SGesdyyichRIl fdsh SinbREk4 dge Hdn8aeRatRIof one or
copol ynmers of styrene-butadi éne, ethyl ene-propyl ene copol yners,

pol yi sobut efexe ofyhie cerboayled asidy vatle ohe opmzate apesibpher $he hicdholyenay bd
i soprene pol rs, polymethacrylate acid esters, . ..polyacry] at.e acid
esters, pol ﬁgq%EQfs 3? yi etr(?eé"go f %eﬁ?ﬂ Br $1°onj &baqlgfgr%?_e‘?%é%%%fl els |
pol yol ef i ns cafpokyné k¥idERbhAGT ¥bAitSStordHdue SHEsSafut BBLEILSut 30, or about 8
anhydri de-styrene copogﬁrrer s. Dispersant viscosity nodifiers (often

referred tot@agb@yN7, onebodeld tmebowrid, ios edowol §/tsl aiqui20 dashorestams! mer
et hyl ene- pr%pd}ig%qg copol ymers that have been functionalized with the
reaction pro Uct o6f mal eic anhydride and an am ne, a pol ynethacryl ate

functional i $@8i38f t NinadgheaBhBEdintnt Siie/ tABExTIR 8ti€ AN Hstedah&RpPintieles
reacted wwth an am ne; may al so be used in the conposition of the

i nvention. PBO18L]meRst reeResirailisi rerds ppdloudesterst hanriaeowtt andatie,
f}ondensa? ! Oﬂi&ﬁ@&&ﬁsac%s QRﬁgP%Et[%Jhs Hrefobf a%ﬁlxqm%rotaﬁﬁé’ dr & 0B
atty acid such as'olerc acrd w a po i

yamne, or a adiazol e
conpound dedeg rirze dmaboimeent Mbt adarbleadic wadomshidee| andalidanicy atidy edn aine

benzotri azol e typically tolyltriazole), 1,2,4-triazales, .
benzi ni da_zo|e€§>f>$i§nj§rfktﬁﬁ SPRIOROBE I Teot PYST ferenf includes a mixture of one
al kyl di t hi obengpfbi @?c%hﬁé:yli%ogg:ﬁg] aROAM LRRIDI hefedr ! Btd/HHCokOPY YHELS

of ethyl acrylate and 2- éthyl hexylacryl ate and optionally vinyl
acet at e. Demulwiafliceybiciavedsuatal/or esibdsytherghs phane smipslimenthibeeraeboxylic

gl ycol s, pol yethylene oxides ol.ypropyl ene oxides _and (ethylene ..
O s o obo b Y SR Es Y ufTRar ROBER Tt e 35 PR or Sodrel RomdrEbORytic
esters of rral:ﬁajs%namy@férdﬁe@bzreaﬂe@n@@ﬂ MiFed Bﬁ%f%@li@%ndﬂﬁ' p@g&ﬂb@iﬁﬁ
or polyacryl am des. Seal swell agents include Exxon Necton37TM ( FN

1380) and Ewrgisk apffpscalerstgreadi | (FN 3200). Grease [00133] In one
embodi ment t[Bﬁ“lJ b rhﬁ??{%ﬁlgf %%girﬁ%rﬁsg ﬁiﬁezgllrei L?]?dtaﬁgrc?f' HiC];H{OIthlE and/or

conprises a-grease n i'g conpositl

conpri ses a piwaseoxyhicCkid anhd/drhest&omieasifttoomoiByarbex s a¢it had/@seder
grease conposition. [00134] The grease thickener jncludes nmaterials

derived frofhePyt magisai & resRderhding sbapd 190 2beatfoR eryabout 20:80
bentoni te, fHuBthSid.k£e, a%%hﬁﬁ:% t8%%919§‘3§9!5§‘,‘%%ab8h?§'@:")b.53 copper
pht hal ocyani ne or m xt'ures thereof, (11) a carboxylic acid and/or
ester (such [a@814l]nohoen®empoliymertahbextoxgliacacill antlboestesthereof includes
thereof), (iii) a polyurea or diurea, or (iv) mxtures thereof
one or more hydroxystearic acids and/or estérs of these acids. Examples of a
suitable hydroxystearic acid include 9-hydroxy stearic acid, 10-hydroxy stearic
acid, 12-hydroxy stearic acid, or a mixture of two or more thereof. The esters
may comprise one or more methyl esters or natural esters such as methyl 9-
hydroxy stearate, methyl 10-hydroxy stearate, methyl 12-hydroxy stearate,
hydrogenated castor bean oil, or a mixture of two or more thereof.
[00142] In one embodiment the carboxylic acid includes capric acid, lauric
acid, myristic acid, palmitic acid, arachidic acid, behenic acid and/or lignoceric

acid. In one embodiment the carboxylic acid includes one or more of
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[00135] I n one enbodi nent the grease thickener is derived from
calcite. Typically a calcite thickener is derived froman overbased
cal ci um sul phonate or an overbased cal ci um carboxylate. In one

enbodi ment the grease thickener is derived froman overbased cal ci um
sul phonate that has been m xed with a carboxylic acid or ester.

[ 00136] The carboxylic acid and/or ester thereof includes a nono- or
pol y-carboxylic acid and/or ester thereof; or a mxture of two or
nore thereof The pol ycarboxylic acid and/ or_ est er may be a

di - car boxy!l |Uéld§‘é5i1§ﬂl§rtwfb rimggsteleie ﬁede@ﬁlm{t@i@maqldwm@ amndy gaidgiseacid,

t hi ckener | a al C /
ester. Ot eﬁsﬂ%E g hlc{sl %E?ﬁj’gg}sc gﬁaal kuclqlé E%{e ’gﬁ%%élﬁa cu?feb%et?&lqd%ﬁom
al um ni um oracfd, Xinvieie idiéy e@fhydﬁﬁ':}mﬂét%ie@incﬁuidc&m B-ptmky feoatisd@oic

l'ithium pot assi um sodi um cal ci.um ma nes bari um_ al um ni um and
m xt ures t héFEbfl2rkydseey Brtsigriraie atide S px3 B1adgeanqi¢ ppidy g -hydroxy
cal cium al 0 I
i ncludes |i t{ ﬁ(} umwg{c?t& olrrtgel\ﬁi dh §gllé£§%& %?éd ?nle’?gfl 1?6%?%@?1 %:cé{] gﬁj&nf]gﬁﬁ acid,
[00138] | n eiwidnhedeirentrithsccardiky! i sraakiddnnd/ acidgst efs-5 8¢l YD $7-
one or nore branched alicyclic or |inear, saturated or. unsaturated,

mono- or polSYCoSapgIdERRty SGK5t i %t eal O3 dAsPhdeqoseheagneisr bR i @ll &S
and/ or ester, t d e

more ot oGR8, AR AL M GRIC I, BioBEbEil Ml BB R0,
i ncl udes one:ﬂmamemmrzendgst@v&:twfacmebmtlcmtce abbcisfeaacbdrdyaxyliitareaef e or

with one or nore alc ohols e al.cohgls of _1.tp.abaut
5 car bon at GHEe heeqrf Fepinem %anﬁt{ﬂawc%ql@wme padifefeic acid,
contain_aboyeig ﬁtﬁdalﬁﬂertg%m&)rhﬁ’agHitc il lﬁgﬁfét adf; Mosfhfidt add! @r a

about 27, or about 12 to about 24, or about to about 20 carbon
at ons per nnhenttltrle@ftfvﬁ(ma@c}relthemné enbodl rrent the carboxylic acid

and/ or ester inclu one nor e ocar bo d/ or
coters tner dOPIEN o, PhE s i Ba ey Rt caT e B B R DR
or a m xtur %cgff ahWRag tHEREST t her eof I n one enbodi nent the carboxylic

acid includes an al kanoic acid. In one enbodi nent the carboxylic acid
and/ or est er[08h&tleoin prg Pmdedinentitke g&féowhfoﬁ@donclndﬁ@samaar@d;wt peid,

aci ds and/or [s th e n n ol b Xyl

and/ or esters th egtoé%facc{ri %%%a%gﬁggﬁlaﬁle(ﬁt(%% c%t:r1 OX&/ e Cgcpléd"u%tﬁld egacm

est er ther eafcid)ncludiesargedidist usGdof dodecaedivit e mocaﬁmédle;oacnadﬁ
and/ or ester thereof, and _one or nore dicarboxylic and/or

pol ycar boxy|tptfa%1ﬂa%dlama%¢ payedescaneigagit, orgonpyry of Gy pemese thereof.
enbodi ment s,y / I

aci d and/ or ester ereo ?{(Hgocr?gl.f;]o@h é;%’?&}’ééﬁ%gﬁ-gﬁaﬂé QIS: %/cg?g ﬁ%?gg
may be in a Immeamlnmilménngleadmbm)&xcgeﬁna ncitdeitlechiledidic aciddbehatic23:1@0
to about 35:65, or about 25.75 to about 35:65, or abot 30Q:.70.

[00141] In BREGYT FERPXYHE 2614 9By ZARTRF BAY PSdelapisd Bhestggsuch
i ncl udes on 0 t

ol do. - Exammlan e B o R e ST g B e etionte
stearic aci c{,se‘tiz(ha’rq)ddmﬁwl stigmte, aiieiﬂnyﬂnoﬂeﬁteﬁmt&)(qzeht@adied:h}daiattan@iiozae
m xt ure of t(go ﬁr%re thereaf The esters rg) i se one or nore
met hyl est er' @I SRYISE0ACUF): O PUFTIES R t%owﬁ%thege hydr oxy stear ate
met hyl 10- hyo@x¥| StRabaAl CemBBaiRYdnt 1?1141@&9%\’ tﬁitcﬁ@ﬁélrt nclﬁ&gﬁ 00Eh

castor bean oil, or a mxture of two or hore thereof [00142 one
enbodi nent ttﬂle:kteambéoqatadcbamedcttrrg: tiuske:s/anaqsmmﬂacandnes durfoom a(c) d diurea
nmyristic acid,  palm¢tic, acid, .arachi aci d, heni ¢. aci d and/ or

Y Ghocer i ¢ atich” 3 n i GhE Es B Pradst o8 bRy PR S Ghene
or nore of  gRdaGKhRNEIAG Hnoﬂ&!ifmﬁé Qheh Cas2GledrylRRIME Lol Qkfladfihd (i) a
oleic acid, gadoleic acid, elaidic acid, cis-ei'‘cosenoic acid, erucic
aci d, nervonpcdyamadwch 4s ftlee aek adivoi progoicd of |1hetblykine dm:ﬂodyaﬂaze hordioduene

diisocyanate with with ethylene diamine in a first step and a fatty amine such as
stearylamine or oleylamine in a second step to give a mixture of oligomers have

more than two urea linkages per molecule and some having two linkages per
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[00144] In one enbodi ment the carboxylic acid includes

I so-octanedi oi ¢ aci d, octanedioic acid, nonanedioic acid (azelaic

aci d), decanedioic acid (sebacic acid), undecanedi oic acid,
dodecanedi oi ¢ acid, tridecanedioic acid, tetradecanedioic acid,

pent adecanoi c acid, or a mxture of two or nore thereof In one

enbodi nent the carboxylic acid includes nonanedioic acid (azelaic
acid). In one enbodi nent the carboxylic acid include decanedioic acid
(sebacic acid). The reactive carboxylic acid functional groups may be
del i ver ed bymnodsdude,s(isych pabyudearedinplexafbirpat dyy diihiethhythe nahdmediattad fea

(Azel ate), dinmethyl decanedi oate (sebacate),. diethyl. adipate, dijeth
honaned: bat Y SRFGHIE; FEATBERT SO b4E UFEDC Sebc SBpmabpt
m xtures of w0, ALurdRhS fiReELOeaf0145] I n one enbodi ment the grease

t hi ckener includeS a polyurea thi ckener forned by reacting

di i socyanat ¢&01i6] h B igesise cobgrasit{dn) meydfurtlea ®ughisasonher tthere metal
reaction prqduct of nethylene diisocynate or toluene disocyanate wWth
& monoam ne dEHRY RS oTRHFYAER. RHBERn FETA SR A O oV SR Y o BaT i
as the reackkREmprRddate AheB Y| RESKH 80508 & AlixfuPd YEN& o or more
diisocyanate with with ethAyiene diamne in a'first step and a fatty
am ne such &8sretfearyl anine or oleylamine in a second step to give a
m xture of ol ] qav- nore than two urea |inkages per nol ecul e
and some havitg tweriikdges per nolecule, (iii) a polyurea conplex
formed by ufadiszi NnITRN S ERE 0l Thé FhterPlondis| QWIRDFRCHbACa R dhbarRt) Gf
such as acetic acid or carbonic acid in conbination with polyurea to
t hi cken gr eds@elifQUeuBEs Thegigheased twwiposi t Tlon drayline devise omprides cat
one or nore | deactj.vataor nt i oxj,dant s, anttwear en rust
i b1 tors. 4 o BT bR A e I TS a AR A By E Hlb sl e
descri bed abatejaticOtrafsiiis¥ionr 6r @f niawbalOfrafi@hsioher 6f oden@uidbinddnt the
Application_ [00147] The method of the invention is useful for

| ubri cat i ng JEYGRRG EYICRIS dPERRR FROSTATAIQRET BECH: ALSaTOABpPT BARFISrESAT
The driveli ngy@yi oph&OMREAES; AlrdSARLIAH® iRl BedI®bntfdBAY PYhriaBlR
axl e gear, traction drive transm ssion, an automatic transm ssion
or a nanual ttansmissionsi AEVT)N orfmithpodaniaie theasdissioslsi (EVOeviloerdidala
manual transm ssion or a gear, .a gearbox, or an axle gear. [O

The. aut ot TERSTER GG SPBR RN RiBR: |HRG ST ToHP apjbeshel (CSTEC),
transm ssi 0Rgepb&Y hhtom dMc! tBidsBlivei @ dahlag it @D EFLS81s8B8s (DET).
Torroidal transm ssions, continuously slipping torque converted

cl utches (CHIOEO] shkeppedembrdivetritciiter amemtioni pnavides donlthel uiectef the

transm ssi on .. 1.00149] 1.n .one, enbodi ment the | nvent.ion provides
for the. use S PREE soBROSH e SRTRER RO Bt o Cut SRR A §
and transm S&dsoractdf divaddr fkfdrBatte, 0itretie pRishiveaserRRhiAtaPRReptable
extrenme pressure performance, acceptable deposit control, acceptable
oxi dati on std&BPiit egnteHdagespitrotaiondalien stpbidtsend Teduicedlodewi-ng exanpl es
provide ill io i 1.0 . I .

hon: exhaust 100 q  Sie i B UEB Moy TIIRGEARER B30 Regtion. These
invention. EX&MPldESirePi@pakiadusiee Brdnpkendt inf@{dk81do BheptHE scope of the
Phosphorus pentoxide (219 g, about 1.54 nol) is added slowy over a
period of aBBYRRMUPIS hours to a flask containing isooctyl alcohol
(about 602 gy ARAMipd. 63 nol) whilst stirring at about 60C to about
70Cin a nirrogen—é%nnsphere. The m xture is then heated to about 90C
and hel d t hdrepdrativaBauaipk hours. The product is cool ed Anal ysis of
the product indicates a phosphorus content of about 11.6 wt 9

e
[00151] Step A: Phosphorus pentoxide (219 g, about 1.54 molf 1s added
slowly over a period of about 1.5 hours to a flask containing isooctyl alcohol

(about 602 g, about 4.63 mol) whilst stirring at about 60°C to about 70°C in a

nitrogen atmosphere. The mixture is then heated to about 90°C and held there
for about 5 hours. The product is cooled. Analysis of the product indicates a

phosphorus content of about 11.6 wt %.
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[00152] Step B: At tenperature of about 50C, a flask containing the
product of Step A (about 760 g, about 2.71 nol based on equival ent

wei ght of 280 g/nol) stirring at (15-40C) m xed with a stoichionetric
anount of propyl ene oxide (about 157.7 g, about 2.71 nol) dropw se
via an addition funnel. The propyl ene oxide is added over a period of
about 1.5 hours, to forma m xture. The mxture is then heated to 70C
and held for about 2 hours. The product is cool ed. The product of
Step B has a phosphorus content of about 9.6 wt % [00153] Step C
The product [8018]epS®p(Ribbutengsrarepf 2bqg HOC, P fhak ednemis@e pjodust

heated to 50 d h t d 129

mo) 15 adddd TP e AbEHOET g0 bpBnd oy et BB Con AT BalA G A
addi tion thg/xhatmtrﬁhgra@ (1 §-4DBC itk Be &iReh WesBhibRti 8 RER At 0AReMyIaRC
to about 70 | st vigorously stirring to provide a product that IS

a hormgeneo@sﬂfk'o(ab@ut Tﬁ%ﬂgnqimuaﬁuﬂem@) ﬂmpé’esle tVtﬁ abaddit®aCiunasld hBjel
for about 3 hour16 : ﬁ‘ﬁ) e ﬁ r} the E duct
contai ns 13P7OR 8% 81‘ dﬁh‘Bé‘S Br 3¢ 4 Fé’ﬁi‘% 10108 T 5pto 2 JpIREITE

C (about 706rhé MixtaROdtthen BatB®ld 70%C RgatRe t& a%m Hfb€s.| Tha product is
nitrogen atnosphere in a flask. Bis-(2- ethyl hexyl)am ne (about 596

g, about 2. #polpdl )Thespradaetddiditop kas axplzpsahomdqonte@h of abm&l 0.0 vdrYoa

period of a h | st ontr g et

Pbour sac ¢ a0tk "SHEC e BrodRR it S B bR RETR b Al Bspa on
hel d there figp=abpus hgatféﬂlt6550°gp@ﬂdé%%tﬂo@6ntahﬂ ;ﬂfo@ﬁh@lﬁsgfenﬁix@&b D2 g,
| i ght orange and has a phosphorus content of 7.7 % Preparative

Exanple 2 [00155]) M égdedin fewerawpl potiions qyeephpedorenpiogyi dgunng the
simlar prog r t|

ovever, forttish e RhEferhA0s RaREREL bR 3 KheE & BT ot
g, 3.60 nol Jabbst aziﬁe:d tmhﬂssaagbndus]@h(m@hagetcacplfdv(cabmtpr%ﬁctg thabﬁmta
3.43 nol). The mxture is then heated to about 75C f 4 _hours.

resul tant prodiREensrussilil-A His tanpialye ds uglsé%rwe%houc‘afftoago@tlddwé% fWE

% For Step Boui# OQfSO%J cg'ngzi gﬁgtgﬁé AUB(?U%EeXy @g%hﬁgrcﬁ‘fﬁ%&orﬂgﬁé?,@h} %

is heated in the Iasl’< th abou
about 0. 404 orﬁplhbsplmrasjded dropvvl se via an addition funnel over a

period of a 0 g nutes. The reac nte is the

to about 75?@1&%@ E]éelpdb g't'h a%ﬂ?c%o{tég‘?%b @P fégﬁt t%h?b‘ﬂ’rt?r)d%‘? ﬁgés
a phosphor ugegRat apt agtutabwﬂt: Qn aWinit¥e gy eeﬁﬁ{o%ﬁéf@ Bxagphgsd  Bis-(2-
[ 00156] Prepar ative Exanple prepared in a simlar procedure as

Preparative e@cslh’pné)ammﬁo(@@@gt 59§t gp apowf 2Fepwl hti$ \ﬂéd@alfpp‘@% via an

Al conol " (abatt s gy el 4 nbthod T donBephorde pelak ol U

over a peri agm@trapheusb b7e5aﬁﬂumlstséts tandoat 66°C. eMRe TREM S tKdn 12daesd tob&lout
The product is then heated to about 70C and held for about 1.5 hours.

The resul t am ﬁr%@uh«tldHb@reafOphb@%%#l@étmcowpmpoehna@tﬁjpr@ycvowt%D is
Step Bis ¢ t ep A (171.7 g,

0. 7r0 ot bt SE s O B ORISR 2 0t 720 T about 11
equi val ent s Rakpandpy Frasmpbxpde (about 46.0 g, about 0.791 nol). The
resul t ant product has a phosphorus content of about 10.96 wt % Step
Cis carried%842Shy Prentretite £rempleotiie preprres @Bplgn%eﬁtmémpr@ce%s@ﬁ

0.71 nol ) atg,ghoyt Iﬁﬁg a h
phosphor us pen o% Ig@%atggdg %% {)%gou‘? %*ggl o ). ee‘{egagéﬂl ggelw‘&‘
exot her m r eagbiehioabatit afydunt Uﬁpfb;gmtei srgde 02@be 3 .60 Tkol) ishﬁi(feﬂas Ksdowtyl
held at this tenperature for about 1.5 hours. The flask is the

c](c)ol gd to addipsrhage T&ﬂ (el By g:h@oéilﬁ Sptd gmolhddibei wictigeis taelbélleﬁ'@é to
t 1. 5 t 0
0 83 ol ) TR BLR! 10814 oty o 1E ASHNEATHARYAABE Mo 1 " Bkhorus

hours. The pcrcmdwttoﬂtaiﬁ)ua Opdtospiier uBrcsuep el thefprathadtt o f8Step A (8Howd8ag,
about 0.374 mol) is heated in the flask and bis-(2-ethylhexyl)amine (about 97.5
g, about 0.404 mol) is added dropwise via an addition funnel over a period of

about 40 minutes. The reaction temperature is then raised to about 75 °C and
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of about 1.5 hours. The tenperature was held at about 75C for about
1.5 hours. The product is then heated to about 40C under nitrogen and
bi s- (2- ethyl hexyl)am ne (about 144.8 g, about 0.596 nol) was added
dropwi se via addition funnel over 1.5 hours. The tenperature is then
i ncreased to about 70C and held for a period of about 2 hours. The
product has a phosphorus content of about 6.6 wt % and a nitrogen
content of about 2.1 w % Lubricating Conpositions 1-4 [00158]
Lubricating conpositions 1-4 are axle fluids (AXF1, AXF2, AXF3 and
AXF4) are pheldafedatioyt H aoaisng Thetiesiiase @oluctt e prddesiiored content of
Preparative Exanples 1 to 4 respectively in an amount sufficient to
provi de 5002p@ith%® “Bitesphor us. The axle fluids further contain in
conventi ona : Lspersant, a sul phurised-olefin, corrosion

i nhi bi tor, br HealiGueitsls r and pour point depressant (200 ppn).

[ 00159] Conparidsi ve Prapardtbat iBxgnipderpdsist ipespated GhCh) sinibarapravetere as
fluid prepared by blending into base oil, the product of Conyventional
Prepar at i vePESpaRBIe Expmplen landbiontevsts stepj anef B EPDgFaved EXaoplep pricafts
phosphor us. e i taln.in nt | I :
a di sper sanP?;&g)hgu Spﬁééﬁgg%oﬁﬁoﬁgﬁgc%%?oﬁogﬁ 1|%1 %E?ﬁo%ﬁag gcgsi#g&%l
modi fi er andlpau0pa, nbodiep mesd.amhe(ROOpIRad pentdxide fl adddd Dest 8 period

[ 00160] The axle fluids AXFl, AXF2, AXF3, F4, a are )
eval uat ed byt @hp¥ol? HYNNSTIRIEY m@w@z%ééa‘e%ﬁaﬂﬂgrcﬁ%gfodm Fothen

for Eval uat %?&egfto %BGutL’R?@ dé;ﬂr%%a% Q&Hﬁlgls % ?}0?{% Lty }e@,ﬂlﬁ_‘é‘yrg :r’g&ilgt has a

Condi ti ons Low Speed an que Fi nal ive
Ax|l es). Thephesihotss cittentineiatoudiléat evttthatStepdd XEakriedXER by AXE3ing the

ol & {101 o PROBEBAT THE ufl 111 & QLT ISl BiRes OmRAS Uk 47 Obep

are eval uat hitd1 1heqdifBedisTHE 163d dRidev@beh@ahslo by aBbut
Gear Lubri cgﬁ?i’m’l’gﬁﬂ ((a%glggclj loﬁq ASTM: Net hgg@&sm@ . 'Iqhg resul tsgya "

obt ai ned i n@i At mot)hatheaxrultamxEpdugiEg, 2 pinebPhXFs coptent fof @bgst 10.96 wt

increase in,viscosity' over the duratign of e - S b

20 b to abolt DBEHE it oS AR oahteor am, (fRky o W
vi scosity 0ver1 trhel)datr abban 60TC tiRlek 69-ditrbgsd Mnospiaut A Yeattingbetth
100 C. [00162] The axle fluids AXF1l, AXF2, AXF3, AXF4, and CLCl are
eval uat ed f GROERIWINYE PERtogidegtabentiS3sel grvdds2byndds B 65sta8 rEpRHFI™

Headspace Al L Sy bS C i Sj o ic ey .
(Tel cmar (r) q%cé%k%gggg§geé'Au?gé%etn%logp,é % @gﬂﬁﬁ (t):eﬁg%%g?daé%ﬁ eql}flpaget '
with a Agil eap&a7ad fBDitdet ecf diowt. afhet{lRK0G (sl cooledtooabaft 40°C

about 5:1, colum _Heliumflow of, about 1.0 m./ m an out .m
| ong DB- 5V fRHP RS banf&e?fi.r%met%demggero? pg laﬁi%nmt EnsZEg IS 03?3;@5-(2-

tenperature i pahday RS hél) TBTEY Ahaesds tendhoidd t
200C and the%%lgﬁlgﬁggg%?ﬁtb@g ’dh?(g%tggg%uﬁgo m nutes pri (l)lr to °

anal ysi ng t lboghg5ithasd helthfor\ababt prhessur ghe probsedeatphosphdrgs content
tenperature t flowrate of the bi | ha (hel,ium is about
1.0 m/mn 'P?fga%@%p g‘ér’?ﬁte%ataﬁ 8%?8%‘?%?8%%“f°&&ﬁ1°3§?‘§%%4at ure of about
50C (2 mn imebharivBEkamb& $1 Ng by about 15C/ min until about 280C and

held for 5 mnutes at about 280C. A standard is prepared froma
m xture of d0§8FU- sThphupcespeoi mspAeaiigpBratiaboitaniple fis efnildsite that of

standard m xiure |.s ded.tq oiJ). The.arga of the,standard is

bt ai ned oI HEPHALTBIARE Pon HRNRYED( Fof e BT RECL0Y leipdamy
response faciisphate GRIE PARAR 5U4 @? abb@ 683ganbl)adndon asht tARCanader0h
the extracted ion peaks. The area tor the sanple is obtai ned using

the sanme extmfrogen airoegphe®hd ,Zrepexydfexadreage fphantild3 gt ahsiut 8cH7ymphds

standard res e, factor .and the.results are report p

species A org@%acqrggwﬁ"ei ‘Hataﬁlea_ugg%? ggnﬂlﬁﬁeovl%gu? r§0d| ﬁgf@%{tg ?]r]ilg’t(uSAXE]fe

AXF2, AXF3, mpguiXfdthasl eatdditdsbela T9C endheRl gasequs abaliphindass. The
product has a phosphorus content of about 6.7 wt %. The product of Step A is

then heated to about 60°C, under a nitrogen atmosphere and phosphorus

pentoxide (about 33 g, about 0.23 mol) is added in two portions over a period
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Lubricating. Conpositions 5-8 [00164] Lubricating conpositions 5-8
are automatic transm ssion fluids (ATF1, ATF2, ATF3 and ATF4
respectively) containing about 0.49 wt % of the product of
Preparative Exanples 1 to 4 respectively. The automatic transm ssion
fluids further contain in conventional anmounts: a dispersant,
friction nodifier, polynethacrylate viscosity nodifier, phosphorus
anti wear agent and a pour point dispersant (200 ppm). [00165]
Conparative Lubricating Conmposition 2 (CLC2): is an automatic

transm ssi offabaidl priepes. ebhbienipesadingas held Habeub?$’C fivabouiol .4dhouts.

% th d f tipnal, P t] le 1. T t onAt,i.
(1 anam soi orl 1 FGR ult HBP GBTRET roy o8 BhvNL] SdFE ATREL: St bis -
di spersant, effiyiRéd QN0 kbt 1PPRYFEANARI0/EP endl) SERS hdded P& via

phosphorus antiwear agent and a pour point dispersant (200 ppm).
Aut omat i ¢ TragdAgins §inggl Past 4.5 hoouse 6T iEhemperasmes iscthenanmsrgased oo about

flui ds ATF1,,.ATF2 . ATE3, ATF4.and t ed ,usi ng ASTM
Vet hod D130 7CeGBE: "8 Pod briithot 3hoT: 2185 T PR AtRE & Rhthagoms
MerconeV 4- hahtent@8bbd18H.6 &kt IR, 4Rf £hitREeh QoAfenAST MU D/PwA4(.2004) .

The 4-ball wear test is carried out twice and the results presented
are an aver dg®rigating Sempasitianid-fwo tests. [00167] The ASTM Met hod

D130 copper i A0S - su .al ned, f TF n Ld
A and oo r dOFRAPThBcARR Bl TEAATT Y W QR ETATE AR
are both 0. 46dnAKFHPQLS Blepedal BY blédieng emvlBse idiitha@heodutalof theparative
sul phur-free amne salt of the invention provides an automatic
transm ssi oEauiles i tont semeptinelyeinwein pmeant suifiient tanproygkeueed ppm of
copper corrQqQgi a it hed: i t-}.Cc ] §SI ui
G0 o casd ATt ORE Moy Bl ShAI b i ARGEh S aBuble €
conposi ti on disgStiant, 8 pippated-defihaicotmogion dfibigdr, ariveosityofmodifier and
phosphorus anti wear agent%@ési mlar _to the product of Conventi onal
Pr epar at i ve PEXERPIN dePTegeayt (2 ¢oBPHEdove) . [00170] G ease conpositions
1-4 (GRL, GRge149p3 eRehy@Rhy Ot ubABartdl eRinhRRitish R ABBESH isNa afldTihAd
way to the conparative T1thiunrgrease

prepared by blending into base oil, the product of Conventional Preparative

Example 1 in an amount sufficient to provide 500 ppm of phosphorus. The axle
fluids further contain in conventional amounts: a dispersant, a sulphurised-
olefin, corrosion inhibitor, viscosity modifier and pour point depressant (200
ppm).

Axle Fluid Tests

[00160] The axle fluids AX¥1, AXF2, AXF3, AXF4, and CLCI1 are evaluated
by employing ASTM Method D6121-05a (Standard Test Method for Evaluation

of the Load Carrying Capacity of Lubricants Under Conditions of Low Speed
and High Torque Used for Final Hypoid Drive Axles). The results obtained
indicate that the AXF1, AXF2, AXF3, AXF4, and CLC1 axle fluids perform
sufficiently to act as a useful axle fluid.

[00161] The axle fluids AXF1, AXF2, AXF3, AXF4, and CLC1 are evaluated
by employing the L60-1 Thermal Oxidative Stability of Gear Lubricants Test
(based on ASTM Method D5704). The results obtained indicate that AXF1,
AXF2, AXF3, and AXF4 axle fluids increase in viscosity over the duration of
the 160-1 test by about 20 % to about 44 % at about 100°C. The CLC1 axle

31



conposition, except the phosphorus antiwear agent enployed is the
product of Preparative Exanples 1 to 4 respectively. G ease
Conposition Tests [00171] The grease conpositions GR1 to G4, and
CCCl are evaluated for antiwear perfornmance usi ng ASTM Met hods D2596,
D2509 and D2266. The results indicate that the grease conposition of
the invention and the conparative grease conposition have simlar
performance in the tests. [00172] It is known that sonme of the
mat eri al s descri bed above nmay interact in the final fornulation, so
that the comganeatssedfintvidokitaled e muk@idoosf Mayldoe] dist beradott 43 ofmt
those that are inifially added. The products forned thereby,
i ncl udi ng tab@uptlet s foi ni ed upon enpl oying |ubricant conposition
of the pre jnVv i b Al TSR Nt d , C j
of casy dodtre oattiRl bRk oat D ERFECARTS, A A0h R PHRCRANRS
reaction prfodeeslatiat @figasdoundediphideiby GheChoopaogfaphh&lepdgmeatinalysis.
i nvention; the present inventjion enconpasses |ubricant conposition
%3] Hndspace

prepar ed byl Bin®xcAgiethe W oRpiESerftsilegb skauipagntatdelenarty ol
the inventi Qﬁogﬁﬁplge b %@éﬁo&ﬁﬁ%@%ﬂ&ec{uﬁ%@ﬁ'vﬂ& i gg,il%rrgt d")???ﬁ %Sﬁcﬁetector at

enbodi ments, 1t I's to be under t variou I cations
t her eof wi ldbohel2BIPE @pliaragint of abduidsk cokirhd éRtlinm fitve craboutpbfi miéadnng
t he specification. Theref ,.1 L is to be understood that fhe
nvent i on dREcRgEs30 HolierDB SN ca a0 Do iSRRI FORR: RIS as
fall withi =l Al e ' i b Sy
1A 1 Ubr i capi e BSRE e O 0 B BRRER IRReort ¥ io mallAbed fit B 200Gy B
vi scosity; thbyias saleghilibrdtedefor abdutd Ogaintites foriet tcharalyiing the gas phase. The
hydr oxy- substituted di-ester of phosphoric acid,.or (ii)_.a .
phosphor yI af #PTRSUTORCBLHERY ﬁ_zlml'% SPPeragye bt rgp of pifdBphs: piese
acid; and (@ﬁ@ﬁ) %r%ﬁpi.@%f?ﬁzl)ixﬁeThm-@énibeEﬁﬁre%ﬁb@Gﬂf sfE@8 adeinperafad t
e

is represented by Formula ( :
of about 50°C (2 min isothermal), raising by about 15°C/min until about 280°C and

held for 5 minutes at about 280°C. A standard is prepared from a mixture of

organo-sulphur species A and B (about 1.0 pl of this standard mixture is added to
oil). The area of the standard is obtained using the extract ion mode of the Agilent
GC/MS software. A response factor is calculated using the concentration and the
area of the extracted ion peaks. The area for the sample is obtained using the same
extracted ions. The area of the sample is multiplied by the standard response factor
and the results are reported as ppm of species A or species B in the sample. The
results indicate that AXF1, AXEF2, AXF3, and AXF4 axle fluids do not evolve
gaseous sulphides. The CLC1 axle fluid evolves more than 30 ppm of gaseous
sulphides.

[00163] Overall the axle fluid results indicate that the sulphur-free amine salt
of the present invention provide acceptable antiwear performance compared with a
sulphur-containing amine salt of the CLC1 axle fluid. In addition the sulphur-free
amine salt of the present invention provides reduced viscosity increase in the L60-1
test and no detectable emission of gaseous sulphides, compared to the sulphur-

containing amine salt of the CLC1 axle fluid.
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Formula (la) 10 wherein A and A" are independently H or a

hydrocar byl group containing 1 to about 30 carbon atons, wherein at

| east one of A and A" is a hydrocarbyl group; each R and R' group are
i ndependent|ly a hydrocarbyl group; each R is independently R H, or

a hydroxyal kyl group; 15Y is independently R, or a group represented
by ROOR 0)P(0)- CH K)CH(A)-; x is 1; and m and n are both
positive non-zero integers, with the proviso that the sumof (mn) is
equal to 4. 202. The lubricating conposition of claim1, wherein mis
equal to 3; Lardicating Cemumbkitioms 5-8 3. The | ubricati ng conposition of

claimi, Wh?{]&i&]A ﬁtr}lgirié;ting compositions 5-8 are automatic transmission fluids
(ATF1, ATF2, ATF3 and ATF4 respectively) containing about 0.49 wt % of the
product of Preparative Examples 1 to 4 respectively. The automatic
transmission fluids further contain in conventional amounts: a dispersant,
friction modifier, polymethacrylate viscosity modifier, phosphorus antiwear
agent and a pour point dispersant (200 ppm).

[00165] Comparative Lubricating Composition 2 (CLC2): is an automatic

transmission fluid prepared by blending into base oil, about 0.49 wt % the
product of Conventional Preparative Example 1. The automatic transmission
fluids further contain in conventional amounts: a dispersant, friction modifier,
polymethacrylate viscosity modifier, phosphorus antiwear agent and a pour
point dispersant (200 ppm).

Automatic Transmission Tests

[00166] The automatic transmission fluids ATF1, ATF2, ATF3, ATFE4 and
CLC2 are evaluated using ASTM Method D130 (copper corrosion, at about
150°C for 3 hours); and Ford Mercon®V 4-ball wear test also referred to as
ASTM D4172-94(2004). The 4-ball wear test is carried out twice and the
results presented are an average wear scar of the two tests.

[00167] The ASTM Method D130 copper ratings for results obtained for
ATF1 and CLC2 fluids are 1A and 2C respectively. The 4-ball wear test data
for ATF1 and CLC2 are both 0.46 mm.

[00168] Overall the results indicate that the sulphur-free amine salt of the
invention provides an automatic fransmission fluid with acceptable wear
performance and reduced copper corrosion compared with a similar automatic
transmission fluid CLC2.

Grease Compositions

[00169] A comparative lithium-grease composition (CGC1) is prepared
containing a normal amount of phosphorus antiwear agent (similar to the
product of Conventional Preparative Example 1, described above).

[00170] Grease compositions 1-4 (GR1, GR2, GR3 and GR4) of the

invention is prepared in a similar way to the comparative lithium-grease
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I ndependently contain 2 to 4 carbon atons. 4. The

| ubricating conposition of claiml, wherein R R and R' al

| ndependently contain 4 to about 20 carbon atons. 5. The
conposition of claim1l1, wherein the organo-sul phide conprises at

| east one of a pol ysul phide, a thiadi azol e conpound, or m xtures
5t her eof 6. The lubricating conposition of claiml further
conprising a borated pol yi sobutyl ene succi ni m de. 7. The
lubricating conposition of claim1 further conprising a phosphorus

antiwear or cgxhs&Bn) pé)?é%ﬁﬂﬁf% PAR8PEoru8 anTweh M E Esht LABNIORId LQ8e PAGIuct of
| ubricating conposition of cllaim1, further conprising a conventional

phosphor us anﬂmméawlﬁﬁmEX@sémm4pchsuVéyagent sel ected fromthe group

consisting of no =1 oni ¢ h?s horus compound, an am ne salt of a

m xture of g%ﬁ%Lgil%%%m§§H—gﬁ%lkyl phosphoric acid esters, a netal

di al kyl di t hi OT{FI"!QFphﬂieegre@csé@élﬁboﬁh@ﬁé(ﬂmhﬂﬁm endangCi atb Wk %ated for

t hereof 159. The lubricating conposition of claim1 further conpri si ng

a antiwear performance using ASTM Methods D2596, D2509 and D2266. The
results indicate that the grease composition of the invention and the
comparative grease composition have similar performance in the tests.
[00172] It is known that some of the materials described above may interact
in the final formulation, so that the components of the final formulation may be
different from those that are initially added. The products formed thereby,
including the products formed upon employing lubricant composition of the
present invention in its intended use, may not be susceptible of easy description.
Nevertheless, all such modifications and reaction products are included within
the scope of the present invention; the present invention encompasses lubricant
composition prepared by admixing the components described above.
[00173] While the invention has been explained in relation to its preferred
embodiments, it is to be understood that various modifications thereof will
become apparent to those skilled in the art upon reading the specification.

Therefore, it is to be understood that the invention disclosed herein is intended

to cover such modifications as fall within the scope of the appended claims.
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friction nodifier. 10.A lubricating conmposition conprising: an oil of
| ubricating viscosity; an organo-sul phide; and a sul phur-free am ne
salt of a phosphorus conpound obtained by a process conprising either
(A) or (B): 20wherein (A) conprises reacting: (i) a

hydr oxy-substituted di-ester of phosphoric acid; and (ii) an
oxygen-cont ai ni ng i norgani ¢ phosphorus conpound to forman acidic
phosphorus conpound; and reacting the acidic phosphorus conpound with
an am ne; onryRAMIQILIR3GHE) conprises reacting a hydroxy-substituted
di -ester of phosphoric acid with an am ne, wherein the sul phur-free
amne salt is represen dubbgatifgr oerhposftica) com@risibg+ (' 4n  FHdrofulubrichtalg

viscosity; (b) a sulphur-free amine salt of either (i) a hydroxy-substituted di-ester of
phosphoric acid, or (ii) a phosphorylated hydroxy-substituted di- or tri-ester of
5  phosphoric acid; and (c) an organo-sulphide,

wherein the sulphur-free amine salt is represented by Formula (1a):

i ﬁ
R
\C II:‘! O l>\ © T o HmN+ R"n
o O

Formula (1a)
10 wherein
A and A' are independently H, or a hydrocarbyl group containing 1 to about 30
carbon atoms, wherein at least one of A and A'is a hydrocarbyl group;
each R and R” group are independently a hydrocarbyl group;
each R’ is independently R, H, or a hydroxyalkyl group;
15 Y 1is independently R’, or a group represented by ROR’O)P(0O)-
CH(A"YCH(A)-;
x1s 1; and
m and n are both positive non-zero integers, with the proviso that the

sum of (m+n) is equal to 4.

20 2. The lubricating composition of claim 1, wherein m is equal to 3;

and n is equal to 1.

3. The lubricating composition of claim 1, wherein A and A’

independently contain 2 to 4 carbon atoms.
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wher ei n A and A" are independently H, or a hydrocarbyl group
containing 1 to about 5 30 carbon atons wherein at |east one of A and
A" is a hydrocarbyl group; each R and R' group are independently a
hydr ocar byl group; each R is independently R H, or a hydroxyal kyl
group; Y is independently R, or a group represented by

RO(R O)P(0)- CH(A)CH(A)-; 10x is 1; and m and n are both
positive non-zero integers with the proviso that the sumof (mtn) is

equal to 4. 4. ﬁhl%é?f?r%?&lgrﬁébj%{lbﬁ%%lcﬁ %ﬂe\fghil{'%dgﬁ’d RE a1l

conpri sing supplylng to'% evi ce a r cat'i ng
conposrtlon1ndqemﬂmmmgcmheumuhwﬁmﬁﬁQﬂ@aﬂﬁmanumert|on of claiml.
12. A lubricating conposition conprising (a) an oil of lubricating

viscosity; (b) a Rul plithe fooagpaafticre faldainf Bi tWirkeihl )the’al organo sulphide
hydr oxy-substituted di-ester of phosphoric acid, or (ii

phosphor y| at®HiAgF 8k yeastipae Pt @t}g&ys}riphxée 3 rhlééraéﬁalecﬂmmwgéher mdxtures
acid; and (c}.R.,8rease thickener, 20wherein the sul phur-free am ne
salt is represented by Formul a (I a): Fornmula (la) wherein

6. The lubricating composition of claim 1 further comprising a

borated polyisobutylene succinimide.

7. The lubricating composition of claim 1 further comprising a

phosphorus antiwear or extreme pressure agent, or mixtures thereof.

10 8. The lubricating composition of claim 1, further comprising a
conventional phosphorus antiwear or extreme pressure agent selected from the
group consisting of non-ionic phosphorus compound, an amine salt of a mixture
of monoalkyl and dialkyl phosphoric acid esters, a metal

dialkyldithiophosphate, a metal dialkylphosphate, and mixtures thereof.

15 0. The lubricating composition of claim 1 further comprising a

friction modifier.

10. A lubricating composition comprising: an oil of lubricating vis.;cosity;
an organo-sulphide; and a sulphur-free amine salt of a phosphorus compound
obtained by a process comprising either (A) or (B):

20 wherein (A) comprises reacting: (i) a hydroxy-substituted di-ester of
phosphoric acid; and (ii} an oxygen-containing inorganic phosphorus compound to
form an acidic phosphorus compound; and reacting the acidic phesphorus compound
with an amine;

or

25 wherein (B) comprises reacting a hydroxy-substituted di-ester of
phosphoric acid with an amine,

wherein the sulphur-free amine salt is represented by Formula (1a):
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A and A

are independently H, or a hydrocar byl
about 5 30 carbon atonms wherein at

group containing 1 to
| east one of A and A" is a

hydr ocar byl group; each R and R' group are independently a

hydr ocar byl group; each R is independently R H, or a hydroxyal kyl
group; Y is independently R, or a group represented by

RO R 0)13(0)- CH(ASCH(A)-; 10x is 1; and m and n are both

positive non-zero integers,

equal to 4.

with the proviso that the sumof (mtn) is

13. The lubricating conposition of cl m12, wherein the

grease thickener is derived f
1514. The | ubricati ng conpo$lt
t hi ckener is derivet\from 1p-
| ubricating conpositiop_of

roma Q@rboxylic
i on of aim12,
hydr oxyst iC ac

d and/ or ester.

15. The

%ﬁerein t he grease
ilg.
her eiGTTHE OT@asHE NAiR¢kener s

derived an overbased cal ci ymisul phopat e hG. The | ubricating
conposition of claim 12, C;arein tﬁN gr ease 0
/ Y

Rl

Formula (1a)
wherein
A and A’ are independently H, or a hydrocarbyl group containing 1 to about
30 carbon atoms wherein at least one of A and A'is a hydrocarbyl group;
each R and R” group are independently a hydrocarbyl group;
each R’ is independently R, H, or a hydroxyalky! group;
Y is independently R’, or a group represented by RO(R’O)P(O)-

m and n are both positive non-zero integers, with the proviso that the sum of

A method of lubricating a driveline device comprising supplying to

the driveline device a lubricating composition comprising the lubricating

A lubricating composition comprising (a) an oil of lubricating
viscosity; (b) a sulphur-free amine salt of either (i) a hydroxy-substituted di-
ester of phosphoric acid, or (i1) a phosphorylated hydroxy-substituted di- or tri-

ester of phosphoric acid; and (c) a grease thickener,

5
CH(A"YCH(A)-;
10 xis 1; and
(m+n) is equal to 4.
11.
15  composition of claim 1.
12.
20

wherein the sulphur-free amine salt is represented by Formula (1a):
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20t hi ckener is derived froma diurea thickener, a polyurea thickener,
or a polyurea conplex thickener or adm xtures of them 17. The
| ubricating conposition of claiml1, wherein the sul phur-free am ne
salt is derived froma primary am ne, a secondary anmne, a tertiary
am ne, or mxtures thereof, wherein the primary anmne is
selected fromthe group consisting of 2- ethyl hexyl am ne, octyl am ne,
dodecyl am ne, n-octylam ne, n-decyl am ne, ndodecyl am ne,
n-tetradecyl am ne, n-hexadecylam ne, n-octadecyl-am ne, ol eyam ne,
cocoanine, tallowanine, and dtearyl gm ne, 5mheQ§|n t he secondary
amne is selected fron1thecgroup consy sting of but yl am ne,

di anyl am ne, dlhexyﬁqg?ne s- 2- et hylhexyl am g and di heptyl am ne;
and wherein thetertyary am i s Sél~ectied—f® onilf, Né RY) oup
consi sting of
tri-nbutylanine,tri-n-octydarine trj-decylam negytjri-laurylamne, tri-
10 hexadecyl am ne, and di ryloley$an1ne // 18. The lubricating
conposition of claiml,_, gin the sul phur-¥ree jJamne salt is
derived froma tertiarfgalipkatic primary ani ne. 19. The

| ubricating conposition of cllaim1l wherein the sul phur-free

Formula (1a)
wherein
A and A' are independently H, or a hydrocarbyl group containing 1 to about
5 30 carbon atoms wherein at least one of A and A' is a hydrocarbyl group;
each R and R” group are independently a hydrocarbyl group;
each R’ 1s independently R, H, or a hydroxyalkyl group;
Y is independently R’, or a group represented by RO(R’O)P(O)-
CH(AYCH(A)-;
10 x is 1; and
m and n are both positive non-zero integers, with the proviso that the sum of

(m+n) is equal to 4.

13, The lubricating composition of claim 12, wherein the grease

thickener is derived from a carboxylic acid and/or ester.

15 14.  The lubricating composition of claim 12, wherein the grease

thickener is derived from 12-hydroxystearic acid.

15.  The lubricating composition of claim 12, wherein the grease

thickener is derived an overbased calcium sulphonate.

16.  The lubricating composition of claim 12, wherein the grease
20  thickener is derived from a diurea thickener, a polyurea thickener, or a polyurea

complex thickener or admixtures of them.

17.  The lubricating composition of claim 1, wherein the sulphur-free
amine salt is derived from a primary amine, a secondary amine, a tertiary

amine, or mixtures thereof,
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amne salt is derived froma primary anm ne or a secondary am ne and
wherein 15each R' contains 8 to about 26 carbon atons.

wherein the primary amine is selected from the group consisting of 2-
ethylhexylamine, octylamine, dodecylamine, n-octylamine, n-decylamine, n-
dodecylamine, n-tetradecylamine, n-hexadecylamine, n-octadecylamine,

oleyamine, cocoamine, tallowamine, and stearylamine,

5 wherein the secondary amine is selected from the group consisting of
dibutylamine, diamylamine, dihexylamine, bis-2-ethylhexylamine, and
diheptylamine; and

wherein the tertiary amine is selected from the group consisting of tri-n-
butylamine, tri-n-octylamine, tri-decylamine, tri-laurylamine, tri-
10 hexadecylamine, and dimethyloleylamine.

18.  The lubricating composition of claim 1, wherein the sulphur-free

amine salt is derived from a tertiary-aliphatic primary amine.

19.  The lubricating composition of claim 1 wherein the sulphur-free
amine salt is derived from a primary amine or a secondary amine and wherein

15 each R” contains 8 to about 26 carbon atoms.
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