TITLE Antiwear Agent and Lubricating Conpositions Thereof FIELD OF
| NVENTI ON The present 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 durabifliTtg or wear resistance of
devi ces enploying a lubricating conposition is the effectiveness of
phosphorus anti wear of\néxiepbMmEcpt anshirricaiaetGapposifiony Buirgehg

devices with appropriate prot ectF ﬁ'?ﬁefN\‘fﬁfﬂ'ﬁB?\l conditions of | oad
and speed. However, many of the p%tvphvrus—a—m-rwea or extrene
pressure additi ve§“heopfeae1mt satepbioh . rdlutes 110 hi CArR@BBdan Ja@uhy | 4N M @lking

concerns, the presence %];? syl phur in antiwear_ or extreme pressure
addi tives is CBEWORINGS | BsEodesi HablByentipraddrthelorrondsy Br ehaethod of
sul phur - cont QN NGR3NLI WEREIRE SXEEETS: B &3s4y.e aﬁgﬂéattfo\ﬁe%ye\éﬂl {&ying a
vol atil e sul phur spéecies, resulting in lubticati onp05|t|oﬁ§

cont ai ni ng ammbmamgmonmosﬁmmopte&mgrthe animiweawa@nhaw ng an odour,
which may al so be detrinmentgal evol ve em ssions
that may be hi gher than inere 5 WL saf ety

l'egi sl ation spepi)fi egne [H067d |1ﬁ‘1p€f3lghtt 'p@fhmé”f@t@hrﬁ"fuehbﬁgaﬁﬁfa%ﬁﬁp 8f wear
extrenme pressure additives enpl oyed have at |east one of im
extreme pres §%ﬁiféa@ﬁ¢d0féﬁw1ma¢mp]@b’ﬁtg ﬁﬂn@@cabmgrccanmsmteolr a:‘n‘gl@ effectlveness
oper ating Con? s horus ant?wea r g’ OXIpc%at e riatlﬁ tl}/r ?i \' es w;th
deposits, or 5’ cause cor Fost SAEF S e E E 8 PperF ey Ib% %r}?

[ 0003] Dri vel apgropoia pilotéutml iddehQaciout ¢esditidHs bf asad)8ad Sp&dd. However,
transm ssions, especially axle fluids and manual transm SSI on fluids
(MIFs)) and §reexsd the phoplerusativaes o6 AXtreing prssseteaadditigismgntain sulphur.
t echnol ogi caly,pr I

of ton cont 11 g cirsi 8B EaRBbHbARr bRlerRe hE pH et BE LY ) SVl
durability and exﬂreaalplrmasa ad(ﬁﬁ%] WSePatneny 1635 HOirabda @i additi®@sSmany of

| ubricating qi ntai ning am ne salts of phosphoryl ated
hydr oxy- subsﬁlet ﬂ{lggurt ?‘?r@%‘flgf a%tFWﬁEHo%rpﬁ’étlr?ﬁlﬁlpé?sémé?cﬁ%tw%év%lwrVé’latﬂe

salts of t hesﬂgﬁﬁpgﬁé&é@tﬁﬁdﬁﬂgr Hxlﬁbﬁh@cﬁ{g E%ggsﬁﬁh?%%ﬁ{aﬁuﬁ ant1wear or
phosphorot hioi ¢ acids are useful in [ubricati conposition
provi de anti welaemperésspreaatotives Igeang enlmlour, rntfbnchahayca}sbdm cﬂe::tnmental to

i ut onotive transmni
engi nes and e QP EontSent’ &7 evolsve Smissions 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, (iii) 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.

[0004]  US Patent 3,197,405 discloses lubricating oils containing amine salts of
phosphorylated hydroxy-substituted triesters of phosphorothioic acids. The amine



[ 0005] US Patent Nunbers 6, 730, 640; 6, 872,693; 6,656,887, and US
Pat ent Applications 2005/0143266; 2005/0130855; 2005/0107269; al
di scl ose at least one of (i) divalent netal salt of a thiophosphoric
acid esters, (ii) divalent netal salt of a phosphoric acid ester, or
(tii) mxtures thereof of (i) and (ii). [0006] Consequently, it would
be desirable to provide an antiwear agent and bal anced | ubri cant

conposi ti on shlks BEele biepl @&@B:Fldibk_ QlHsHeitdOWREtely 8NHRdshhoBEhisie HcRRS
or grease applications wthout the disadvantages of khown |ubricating
conposi t i ongite Fdul p delinating geRpesiiirns e wraede anidteanpedpitianeain gageatls,
and | ubri cat;j TROSk: b r SUVIVA = THE | NVENTI ON

[0007] In onelh{é%ﬁgggl menklb}t1 %@?%}S\r}gﬁlﬁggﬁmﬂr ovi esggloiﬂl?bri cating

conposi ti on [00@F)r i SUSgPatait Numbeiks 6,000,64@t 6,872, 898cQ65d,§87; amd ©S Patent

sul phur-free amine salt of either (i) a hydroxy-substjtuted di- ester
of phosphori%ﬁ%ﬁ%ﬂnS@PO‘é/ﬁW?&%%@%@\ P%ﬁt%}%f@}/Q?%ﬁ%wU@ﬁCiqsaﬁwaﬁiom
or tri- est f4PROs i LG - i

i nvention p%(%?éiés 1a %Hgérlisg%? ?hghlggﬂn%ggﬁ?%ﬁggg%?ﬁgidr%%?énétrrlﬁ%?llsa%fo fa
| ubri cati ng phbgdwst tyid eatied oa (sl hpkiures theeesfafinend &it of a

hydr oxy- substjtuted _di -ester of ph hori.c.acid. [0009]In one
e?lﬂ:)od;(?/nen'tJ ﬁhgéﬁnveﬁf)il‘%?ﬁuﬁ?tb(/iiﬁﬁ}éugﬁﬁ%gﬁl@gﬁi tlr?d’regﬁﬁiﬁcf’él} qutigypar agent and
conpri sing: wahnekd AfbricHRY | CRtdRGIoH Se0shdet; taNth&dsubphafivdiiiRe @%@é}e

salt of a phosphoryl ated hydroxy-substituted di- or tri- ester o
phosphori ¢ dwngmittiog ey iags ongress edplieattons wdthowy dre digadyantagies € kaown

| ubricating,composi tion conprisi-ng: an qil of. .lubricating,viscosity;
and a sul phl}{rﬂ?rgaelé} EaRTARILRTHS of 1 Bets)%lﬁhlélf" Sgtl%%r%%ﬂlﬁas Sl 'aRanttvdar
obt ai ned/ obtagemadiddubi ciny @egsSiga¥RheebNg: reacting an amne with

either (i) a hydroxy-substituted di-ester of phosphoric acid, or (ii)
a phosphoryl at ed hydroxy-suﬁgﬁm&&ﬁm&%r of phosphoric
0 o COLLHMytne SRS RS o SAoR RS ENS e L SRRy
or netal salcbmgpﬁsiagpdm&ibhb]mbs'caimgpmmsitm epd eselphedfrby alorersalt af €ither (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 lubricating 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 (i) a hydroxy-substituted di-ester of phosphoric acid, or (ii) a
phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid.
[0011] 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):




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

i ndependently R, H, or a hydroxyal kyl group; Yis
i ndependently R, or a group represented by RO(R 0)P(0)- CH(ADCH(A) -
(such as RQ(R 0)P(0)-CH2CH(CH3) -); X ranges fromabout 0 to

about 1, with the prpoviso that when x = 0, R isya hydroxyal kyl
group; and m and n are both positive Ynon-zero integers,
with the proviso tifat the sum of (mtn) is equal _to, about 4; Mis a
nmetal ion; t is a |nteger varying from about 1 }o\about 4 (or about
lto about 2); an nd e ake fractio whpse total provides
conpl ete val ence tmsatlsm/ , With te provis [hat q is in the

range of about 01 td aboul 1.5 (or Ql E%’PH
in the range of Aabout 79 [0012]I[1 Blrreﬂ t
i nvention prowdsalubrl}: i ng conposition o

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"YCH(A)- (such as RO(R’O)P(0)-CH>*CH(CH3)-);

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;

M is a metal ion;

t 1s 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.



conprising: an oil of lubricating viscosity and an am ne salt of a

phosphorus compound represented by Fornula (la): 0 O R\ -p O

4, 1\1+ R" " 0O PO /O R Formula (la) wherein A and A" are

i ndependently H, or a hydrocarbyl group containing about 1 to about
30 carbon atons; each R and R' group are independently a hydrocar byl
group; each R is independently R H, or a hydroxyal kyl group;

é—ll( Z . chfjl((j 2 5359 q?@l}té lhy a{;ﬁ Eé) rﬁ*@fﬁ[@% élﬁllg %ﬁ%ﬁg}%?gﬁo?f}/deﬁ% ﬁb%z:a%n%) composition

comprising: an oil of lubricating viscosity and an amine salt of a phosphorus

compound represented by Formula (1a):

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 is independently R’, or a group represented by RO(R'O)YP(O)-
CH(A"YCH(A)- (such as RO(R’O)P(0)-CH>*CH(CH3)-);

x ranges from about O 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



x ranges fromabout O to about 1, with the proviso that when x = 0,

R is a hydroxyal kyl group; and m and n are both positive
non-zero integers, with the proviso that the sumof (mtn) is equal to
about 4. [0013]1In 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 conmpound obt ai ned/ obt ai nabl e
by a process conprising: .a),, reacting. (i) a . .
hydr oxy- subst ﬁ?ﬂ%@&‘s of O%lpé)élflg rOb(B%m%%%bz?)‘H%t?’lF g)yaé i ﬁﬂ?ceéﬁ FOPPP§ingy reacting an
oxygen- cont aiafimg whithOgitheni(ly PROGBREKUSHEASPALBHert 6f hRSIPheric a6ldbE (ii) a
phosphorus conpound; and (b) reacting the acidic phosphorus
conmpound wi t Rhesphariaied hydyoraubstivied dneiodi aeter oftfhesphevieatidon

provi des a | izgat i 0 onprising: an oil_ of lubricatin
viscosity; a lasfsul%ﬁour%- {@gidlg{r%g Eéhcesla t ﬁ%#n rovrl) egsapwgﬁ}Jog %tgﬁf%&lﬁﬁtdn a
obt ai ned/ obt diinelbiee dbyica @naNeHe GapPlkingl Bg: theeaaidling deviadn Ndubdidaiin
either (i) a hydroxy-substituted di-ester of phosphoric acid, or (ii%
a phosphor y| SPBEOHYT Gs§losdibstsit-ut ed di- or tri- ester of phosphoric
acid. 10015] e epbodi OBa; I I i t .

| ubri cating Lﬁh&?rveﬁ ne devi cdé&(g:%rr%? ;ég‘:;%lgggﬁ%ﬁé#ﬁgﬁ?ghﬁgﬁg})@éﬁnﬁ%a
devi ce a | ubdiiedtiengedospasiprisony duggymgedh hde edlrivelih@Od&dite oriabricating
enbodi nent the invention provides a.method of |ubricating a drjveline
devi ce conpr PEPRGRUPBITP § 87 ST NBTERIIAG YiRepPIE 48¢| L BHP MY §opmine

conposi tion e §ihes (BNa diydrSly-dusbidufeat aiﬂ%svérSW§h$%h@HQ ARid, or @ a
sul phur-free amne salt "of €ither (i) a hydroxy-substituted di - ester
of phosphor i phespherylated IGidrxyasybivpadaliyiretie dstényafipbrsphedbatidt ut ed di -
or tri- este phgsphar i id. 100171l.n _one .enbodi nen e . .

i nvention pr Ovﬂﬁzlas gnr’%]teh%-@bogﬁmlﬂﬁfbt}'?élé¥finﬂand°r°VISes 2 metod Otfr]ubncatmg 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):

o i A O_
SN T /i .
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O
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X
- 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;



driveline device conprising supplying to the driveline device a

| ubricating conposition conprising an oil of lubricating viscosity
and at |east one menber of the group selected from(a), (b) and (c),
wherein (a), (b) and (c) are defined as follows: (a) an am ne salt of
a phosphorus conpound represented by Formula (la): Formula (1 a)
wher ein A and A' are independently H or a hydrocarbyl group

cont ai ni ng about out .3 bon at ons; each and, R' _gr
|ndependegtly a h d oc &%’ff‘?de XUE{ edcH FEOTR EEREFé?}EﬁCge% 5%@%&13?@?
a hydroxyal KyH(AQyCH)- (such as RO ’I(})PEG)}j@Hé@H(?(DHDy), , Or a group

represented by RO(R 0)P(0)- CH(ASCH(A)- (such )
RQ(R 0) P(0) - 0420#(!@4@9& om about 0 o abpygds Withdhe atswise thattwhemomtO, R’ is a

with the prqﬁhﬁﬁybﬂgf Aéqmé = 0, R is a hydroxyal kyl group; and

mand n are non-zer o |ntegers with the proviso that

the sumof (mtn) is eqﬁlgl dhQr dﬁagcgtf gosmv? non- zero(%%%er%sx%tﬁ) %(r;)é'f%\gigc? th%mhrée

salt of a phosphorus conpoun I'hed ai na

conpri si ng: sugedft{irAg) &reqasitoabawttsh ei ther (i) a hydroxy substi tut ed
di -ester of phosphoric acid, or (ii) a phosphorylated
hydr oxy- subst i t ut(efla dilph@tfréd dmstselt o0k phHPHBARG chfipathdobtaingd/obtainable

by a process comprising: reacting an amine with either (i) a hydroxy-substituted di-
ester of phosphoric acid, or (ii) 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 tri- 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

[0022]  The present invention provides a lubricating composition; and a

method for lubricating a driveline device as disclosed above.

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



(c) a sulphur-free amne salt of a hydroxy-substituted di- ester of
phosphoric acid. 100181l n one enbodi nent the invention provides a new
cl ass of conpounds represented by Formula (1) and Fornula (la).
[0019] I n one enbodi ment the |ubricating conpositions described herein
further conprises a grease thickener. [0020]1n one enbodi nent the

I nvention provides an antiwear agent conprising at |east one conpound

el et {LOMGE 9 AUeySORRLEH IR B, (Shp P Il 3 Bl Pl

either (i) aFoydilaxyx)sdbstehtdlitteabslici. ester of phosphoric acid, or
(i1) a phosphoryl ated hydroxy-substituted di- or tri- ester of
phosphori c ad?®4las kanoantimpkaimenfefte sompewide répeseateduby i Bertivkay (1) or

conposition. Pﬂ)prggl%izﬂ hgg'giseé@%fejﬂ.ro@%?\}t d_he i nvention provides an

antiwear agent conpri'sihg ei a hydroxy-substituted di- ester
of phosphori ¢0@s}d, Iar ofié i emisdithagpher ybmp@ﬁdh)‘@ifr@@éﬁteﬁubﬁtll?dlﬁﬁﬁdbl f(qi) -or
or tri- ester, of phosphoric acid; as an_antiwear agent suitable for a
| ubri cating %BﬁﬁﬂéPysgﬁsmDE?NNEEbP@E%@F@PFH@NNQFb B- | NVENTI ON

[ 0022] The pr I nvent d des .a | cat.i [ 3

ot ot Tor | arhat 1 ng Ca drre e ey e lPQuRer RhcROIPER fiifitia R0 o
Conpound of Formulh &l «) hys oregbel tabaut(3; ahd n ef@023hboutdne enbodi nent t he

conpound epr[(?osz%rilt edlnb(Ynngrggldléi?ne&%)A (ajrgd 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-cthylhexylamine,
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-



Formul a (l1a) has x equal to about 1. [0024]1n one enbodi nent the
conpound represented by Fornula (1) or Formula (la) has x is equal to
about 0. [0025]1n one enbodi nent the conpound represented by Formul a
(1) or Formula (la) has mequal to about 2; and n equal to about 2.
[0026] I n one enbodi ment the conmpound represented by Fornula (1) O
Formula (la) has mequal to about 3; and n equal to about 1. [0027]In

nbodi d A._ind d i, o)
about 2 to anblteRyAmepBE” AR e R R S esind Ry B5H A kg

enbodi nent Ryckk amiesRuchbkb pigegicpe) @eitridine ot gloppiahipiet 1 to about
30, or about 1 to about 20, or about 4 to about 20 carbon atons.
[0029] I n ond083}odi Re#bris dnttaitivsy apBuress nglugiso ti-phutdamie utriqn
to about 20, ut 3 19 .c oms, . {00301 -conpqund
of Formul a ffﬁhggﬂgBrnéﬁé%?wgggﬁ%clgﬁggﬁgﬁﬁﬁg&SalFéhg$ a ﬁ?ﬁﬁ%%y i
am ne, a sedmddiyyolayiamgne GAtndtdn®aDI@D).ne, or m xtures thereof In
nmbodi h i ' i ncl ud terti -al i phati
gp?ngryoalm-nﬁﬁbih}] © ﬁlrlgrgl'aer %lm ?dﬂgerftn&euagl?neas ai(?g iha{h% ?orln{:) 0% Iacmixture.

Examples of suitable 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® 81R" or
"Primene® JMT." Primene® 81R and Primene® IMT (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 one 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.

[0041] In one embodiment q is in the range of about (.5 to 1; and e is in the

range of about 0 to about 0.5.



[ 0031] Exanpl es of suitable primary am nes include ethylam ne, propyl
am ne, butyl am ne, 2- et hyl hexyl am ne, bi s- 2- et hyl hexyl am ne,

octyl am ne, and dodecyl am ne, as well as such fatty am nes as
n-octyl am ne, n- d ecylanm ne, n-dodecylam ne, n-tetradecyl am ne,

n- hexadecyl am ne, noctadecyl am ne and ol eyam ne. O her useful fatty
am nes include comercially available fatty am nes such as "Arneen8"

am nes (prod avail able from 0 Chem cal s, .Chica dLlinais),
such as Ar mag‘lflﬁ%,] Afllﬁts%e ﬁ?gﬁﬁﬁ%egﬁﬁ&?mﬁp ngoﬁ?%gﬁ) I‘-ﬁ',heﬁl‘ﬁée’l)’i‘e@l
and Arnmeen Siyn Whielequil thherd;@htierisdgshiapaiiepn rel ates to the fatty
group, such as coco, oleyl, tallow, or stearyl groups. [0032] Exanples
of suitable $¥Mdarkp @i sekodimentbe diusbthybaniilne,is ¢qudithyabani Aeand q
di propyl am i ine, di anyl am ne, d ihexyl am ne, diheptyl
am ne, et hyl ﬂg %u%? gdrﬁﬁlndeu?g]t hyl butyl am ne, N-nethyl-1 - am no-

cycl ohexane, PAnresneo Peemne Celnppuadwl Fatmela (Thend feandaryapnm nes my
be cyclic am nes such as piperi.dine, piperazine and norpholine.

[ 0033] Exanpl 9441 t dpt pag yeahedHBent dae usdPy s BudRe Sl ned, 2t phaspborus

octyl ami ne, t iz | gy '-I%Nrc% i rdsgxade LNe, '
di et hyl ol eyl ami ne (%T?ﬁg%/h t?ﬁna ¥ %%%g?ﬁ]%oﬁgﬁg%e%%g%&% 8?%8 with
am nes are i mtitendi)fadmyrafy-substittedrd-esex afiph@phafic seidt@hlie amphstphoedated
am nes include. (i n,.am wi th about .11 to. about 14 carbon atoms on
tertiary al kgfl’dré’f‘ﬁ)"?ﬂafsﬁﬁ’é‘?‘ﬂ‘ﬁbgr,t“(ieﬁtfr hosPhEiaACth about 14 to about
18 carbon at qpyspn tier bhdrahmlldnt PlHeMBILY I £ sublsfifudedQi-2 B

w t h about 1gﬂ?o?aboup 22 carbon natoms on ter?i%girﬂi/ﬂz’fl kyI1 peri g%arggt&em?
groups. O hephasphenid axd oy beprapared tel dayrbcgss icompyisiagi nes i ncl ude
tert-butylam ne, f.erthexylamne, .tert-octylam ch_as .

1, 1- di met hyl hexy! SM A& 83‘1%3135%'38% %%@“ﬁﬁ@f@sﬁ%{% or cquivalents thereof)

1, 1- di net hyl @¢thghaltohsl]) to foehtadasec vhawst 82 phb§hhtetedicr;adecyl am ne,
t ert hexadecyl am ne, tert-octadecylamne, tert-tetracosanyl am ne, and
terto ctaco s any{iDaffefeng thophsiahateosster evifost mkmiena oxisles ol form sathydeoxyt

am nes i s " PLiiEpnerdi. &8 of Bﬁosphon’c acid; and
(iii) 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).

[0047]  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),(i), and (ii1); or (i),(i1),(1),(ii),
and (iii);  (i),(i1),(1),(i1),(1), and (iii), or (i),(ii),(i),(i1),(1), (ii), and (iii), or
(1),(11),(1),(i1),(1),(i1),(1) and (iii), or (i),(ii),{1),(i),(1),(i1),(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.



"Primene(r) JMI." Primene(r) 81R and Prinene(r) JMI (both produced
and sold by Rohm & Haas) are m xtures of C 11 to Cl4 tertiary alkyl
primary am nes and C18 to C22 tertiary al kyl primary am nes
respectively. [0036]In one enbodi nent the netal ion of Forrmula (1) is
a nono- or di- valent netal, or m xtures thereof In one enbodi nent
the netal ion is divalent. [0037]In one enbodi nent the netal of the

or i “CopgBSES oKL 3Pt MeRLASSHER o8 i FERR SRR dbuc

met al of thehwep@dte ko8- pﬁkﬁdpﬁ@l%inbllu'ﬂbd th@ilge§@ﬂabbﬁt 1680 & 48But MBdNeS hbisnt
or zinc. In one enbodinent the metal of the netal ion is zinc.

[0039] I n onel :ekparutent. ar absuelddp % b aidaut 1:1- when the conpound of
Formul a (1) e[bﬁ%@g d?‘frge ﬁfff%r@htt e:%iao tté”‘ltg§arb5]f°1tat% Q;%F &’ ghent JRLEA it of

[0040] I n on I's €eg u e coirpoun
Formula (1) phesphares)ain sej (i) of aaqdiemea:b}aﬂé t(ET'ﬂtealhonc[ Qﬁéﬂb}' ldd shephate ester
enbodinent g is in thigkgnge of %gout 0. e is in the range

of about 0 t&f SFolit ! S riRRss f | 0%%-6én{5ba*r%ﬂt5!=h%f et Ol tofabou

Formula (1) jisi;free of a netal ion (e is equal to zero; and q is
equal to one).
[0051] In one embodiment alkylene oxide includes ethylene oxide, propylene

oxide or butylene oxide; and the mole ratio of alkylene oxide to hydroxy-
substituted di- ester of phosphoric acid in step (ii) includes about 1:1.

[0052] In one embodiment alkylene oxide includes Cs and higher alkylene
oxide; and the mole ratio of alkylene oxide to the hydroxy-substituted di- ester of
phosphoric acid in step (ii) includes broader ranges because the alkylene oxides are
less volatile under reaction conditions.

[0053]  The process described above in steps (i) to (iii), in different embodiments
is carried out at a reaction temperature in a range of about 30 °C to about 140 °C, or
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 to
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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[0043] I n one enbodinment t is equal to about 1, e is equal to about O,
and q is equal to about 1. Processes to Prepare Conpound of Formula
(1) and Forrmula (la) [0044]1n one enbodi nent the sul phur-free am ne
salt of a phosphorus conpound obt ai ned/ obt ai nabl e by a process
conprising: reacting an anmine with either (i) a hydroxy-substituted
di - ester of phosphoric acid, or (ii) a phosphorylated

hydr oxy- subs i - r tri- rlc aC|d [ 0045] I n
o%e ent%odi me M#ﬁe safim Sa‘?ﬂ?yﬁ?%ﬁ &3&9&? "dlhe"@’soc’ehelbtP“Ol octanol,

phosphoric agbfadBy BEIRLEHR efbdRYardipr mﬁnﬁométkaﬁieegnol pentadédahol,
reacting a phosphating agent (such as P205, 14010, or eguival ents

t her eof ) wi t hesgrdeghndholheptadeéanod aontaldgcanahd/ octadecenphos{plfafﬁ e dstler),
(ii) reacting_th sphtee r, wth.an

hydr oxysubstlgf3 u?fe&gﬁi?q gl %Pﬁ?)]ho%rp%ig u(‘ies @/eaeonte Xamples Ofclzhs)”tgble
sal ting the AydroKyncudistdrt dkaathieli 4- n@hﬁl&?&nﬂaﬁ@ﬁ@h@ﬂhb’ﬁleﬁﬁﬁ& i®octanol,
reacted with an _am ne and/or netal. [0046] I n one enbodi nent the

hydr oxy- subsPHTBI‘@@esd‘ihﬁfeé§ter of phosphoric acid of (ii) is further
reacted at oncg, ) 0

phosphat i ng Zﬁgt%(e [] (typélﬂ? E?y ¢S %B?eq‘&aﬂghg\%ﬁ a‘né al ol% ¢ 1nV\fude R1cohol®
hydr oxy- subsTp1 it @glo dilcolesl®t 7 980 eﬁ(ﬂ @xcﬂfl&lc{ﬂh@@ hlquOCofaMcﬂl);antbefwfﬁlﬁmol®

| h t H b 0047] 1
G 1 erent enBodinint St b2 Tait R mand: & Thigb Dl QondasaeovoRteD:
nore, opti Onﬁ%}hﬁ@ fsqb! Ef?l\ﬁeEipal?@ §f(ﬁ8f tl\riylbéf)ﬂ;o‘?at%ﬁ tL1H d’l@ 9 aﬂm%%lg 911

and/or nmetal (as in step ove exa e t
prepar ed by and)r]b@tmm@om)rh mfn@hcpiérAG; M tIes sfe(bmnc(ela) A@gus)ta, afitkn;

(1)) (1, (1 Dbyt yio Holiip) Hglel s ot pepio 7 off o Htopaiy 7
(H), or (i)i(iahgd P(dr&pc(l@ 911 6f Veldd Kulﬁl'n’)anﬁnd (H), or
(1), (ii), (1), (”%\t( @fé (1),(ii) and (iii), as defi ned above.

[0048] I n di f {062 mes inelede eatne oaltp pbdupimyiyetndseabowwcondany

0
hto 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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about 99 wt % or about 20 wt %to about 80 wt % or about 35 wt %to
about 75 wt % of the sul phur-free am ne salt of a phosphorus
conpound of the invention. [0049]In different enbodi nents, the nole
ratio in step (i) of the nono- phosphate to di-phosphate includes
ranges of about 1:10 to about 10:1, or about 1:5 to about 5:1, or
about 1:2 to 2:1, or about 1:1. 100501l n different enbodi nents, the

le rati d on th t of h i.n.step (j) of
2 kyl one. oxRHESTrhe RGN AN B GIophieshaitiiidl thereg (mptal

i ncl udes r anggky@hithal}debpiitd almb@l ahMiplophise, 6F mIPAMs tReBol tO
about 1.2:1. &8051] | n one enbodi ment al kyl ene oxi de includes ethyl ene

oxi de, propyfend oxirdencembedipleahtheosanyentientd phpgphesieantiy ¢as opfextreme

| kyl [ [ di - . of har i id i
e e S A 6L DR A
i ncl udes G5 canghobh@hear nadtky demeylaxhid@hogidtd he et dialliydpldsppdtkylagne

oxide to the ,héfroxy-substitut ed di- ester of phosphoric acid in step
(ii) includéaixBreatisredfanges because the al kyl ene oxides are |ess

| ati| ; g _ ;
o) 2t epe (T Biegienck] Ot S hone d ATFLIA'ACERT AP SHELRAF e
reacti on terpgeatupessure aageandeclodesabauttaBQlifkyhlithboihosgkde.C, The alkyl

about 40 C to abou 10, or .about 45 C to_abqut 90 C. [0054] The .
process may 85%“%9% iteg %ﬁkyléﬂthi@%ee@&%%@é &Pe{‘n%ﬂrn%rsgﬁ*’é’ﬁg'é‘? FratdRing
or above at pRspheRd GHHICRPEBon 'afbn’i’é}%r@ﬂﬁ@@ KR Mhe 18 RERGESS dRYorEis
carried out at atnospheric pressure or above atnospheric pressure.

[ 0055] | n oneuEndenti trenake He metd eddkiklitbéonhiosphateioili splalriei riBre metal of
at mosphere. 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-(Z-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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Exanpl es of a suitable inert atnosphere include nitrogen, argon, or
m xtures thereof [0056]1n different enbodi nents, the al kyl ene oxi de
contains about 1 to about 10, or about 2 to about 6, or about 2 to
about 4 carbon atons. I n one enbodi nent the al kyl ene oxi de include
et hyl ene oxi de, propyl ene oxi de, butylene oxide, or m xtures thereof
I n one enbodi ment the al kyl ene oxi de includes propyl ene oxide.

0057]In diff t epbodi ment al cohal contains,a t 1 to abput
50 o]r about lﬁéﬁj abou ?m%lfs (gsﬂhebﬁﬁ?lgggf B pJut’t ?’8%1 éﬁgﬁ &t Owe . fhefude
[0058] The al eohpil, eyl Qﬁobyln%@fylogxrhyﬁméﬁﬂd hep@PSRtin %oﬁirlC@B@}H 1BYeche
saturated or unsaturated L | es of sui t abl e al cohol

i ncl ude hexaﬁ@ﬁecﬂ%eﬁt%%l teisad ey IPenﬁ%ﬂﬁia}’i]@Ihexﬁi@ﬁfefhabmadeéﬁhé@@ﬁmadecyl

tridecanol , decanol pent adecanol , hexadecanol, heptadecanol,

oct adecanol oc adecenol (ol eyl al cohol ), nonadecanol ,

ei cosyl - al col[mmz]or 'ﬁhe(bWIESalﬂ{lerlgﬁpr xampbedodiment iontah eysadmaolt 5
i nclude for exa 4- met hyl ent anol , 2-ethyl hexanol, isooctanol,
or mixtures tt‘hég‘gﬁﬁ ‘f%b@lf‘%ﬁfﬁpgén arotBemerabedinieny abarig b uii b shdrs
i ncl ude Al col {1 7911, Oxo Al cohol (r) 7900 and Oxo Al cohol (r) 1100
of Mbonsant o; AI phanol (r) 79 of ICl; Nafol (r) 1620, A fol0O 610 and

Al fol (r) 810 [W73¢ondlé;eampiew08a]m)byqlicEqdhﬂ gﬂou@]iﬁchndd dﬁphﬂp(enl)yl,Bd;&l@ﬁexyl,

Et hyl Corporat nevoI 79, Li nev 911 and banol (r), 25 L
of Shell AG ¥4 E?B yi125 ofg dea ALY 53(’ clRpeniil. Deh;l:/)g ﬁylcgﬁlapentyl

Lorol e of Heﬂi%@lhd% Cognld%he@l 148l dpeasy1 L ”Opollnéth)yléhylﬁclﬁﬂgntyl

Acr opol 0 91 of i ne mann [ 0062] Usef ul am nes include a
salts of a pHiatey 9y@1ﬁp¢:éyl,a seconduetyhyclodexg, terti ar ydlmn’Ihyéqycdnhexyl

e SN G RREE AN I M o e

Pressure Agefimethylcycloheptyl, methylethyleycloheptyl, and diethyleycloheptyl groups.
[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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[ 0063] I n one enbodi ment the lubricating conposition further conprises
a conventional phosphorus antiwear and/or extrene pressure agent, or
m xtures thereof [0064] 1 n one enbodi nent the |ubricating conposition
is free of a conventional phosphorus antiwear and/or extreme pressure
agents. [0065]In different enbodi nents, the conventional phosphorus
antiwear and/or extrene pressure agent is present in a range selected

f h b o.w % b 10 b
o %10 abodl 08 hne SR abalfisb witon ¢ Beanolleuh we TS BIBHREE 05 Vi

% to about 411Wdr%ar@§dphbﬂ3ﬁattbEﬁ(ﬁ@ddsnﬂuﬁ@ﬁm%|éaﬂ&iﬂm [ROGRETUAE strontium,
conventi onal A phosphorus antiwear and/or extrenme pressure agent
i ncl udes a FORMGHLCIPhoSBREY usckébrﬁemﬁw, lgpd, aRRRANS G, t SIYRT, 01 miXtures

phosphorus ¢ émQPnﬂicﬁ{eh&'ﬁl?&cﬁ%@nf{?:%%ﬁetgf (sed above (such as an

am ne salt o ure of nonoa aI kyl phosphoric acid
esters), an[&mmnnluhisaétmﬂﬁodﬂneﬁhd&ph@ﬁuﬁn@@ﬁmﬂmhdnﬁthﬂﬁpédﬁﬂhﬂdMW%@

di scl osed above, nmet kyl di t hi ophosphate, a neta
di al kyl phosﬁﬁa’tpéun‘é)sr Fﬁ%ﬁt @soqlﬁélxé%?r T‘G@B?Pl%l‘iﬂﬁ’é’neﬁ%dﬁfﬁ‘én?r the The

conventi Onalnoﬁhgﬁﬁg&gdjgh@ﬂ%' ouHH thi &% gﬁ?%pﬁ%re%t ate ester,

selected fromthe consi sting o non- 1 phospho nmpoun
a netal di alokyhigitrks tpdresiphat mpreadetetied dd$cai}itiyohp:kfc}t§ilph“ﬂlnel,onmﬁhosphorus

m xtures t her glr%]::)ullgmcﬂée coqumnmglgldr%‘eto co umn(i?nhgené o?% 6 %?%99” us

ant i wear an
[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 is 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 Example 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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extreme pressure agent includes a netal dialkyldithiophosphate. The
al kyl groups of the dial kyldithi ophosphate may be |inear or branched
contai ni ng about 2 to about 20 carbon atons, provided that the total
nunber of carbons is sufficient to nmake the netal

di al kyl di t hi ophosphate oil soluble. The netal of the netal
dialkyldithiophosphate typically includes nonoval ent or dival ent

netal s. Exa ui tabl.e net s i n e sodi pot.assi.um

copper, cal g}B ur‘%ﬂ%pﬁ)ﬁéﬂ OIPGHIORSy i eB?re i ngy I ﬁeaSﬁgé nglégﬁﬁ%meﬂm*éutﬂ)"
phosphor us- C@Hbs’%ﬂh@tcﬁtﬁtlﬁ@ﬂc%amﬁ@htﬂl BouesBahole§ ofl pdbpilene oxide at about 25°C).
di al kyl dithio érghosphat e. anpl es of a suitable zinc dialkylphosphate

often referr etmlnggrQMea@pabrabzgrﬁ)S Entarugeouti A& hours, mixed w1th a

0 (2 L Rl BLAPROPRIALS of i, oy o BBl

di t hi ophosphat 8% Zbyncfetght(}ﬁlﬁisyhdrudl tboph®aphaly eweighhGulphur, and an acid
-(2-ethyl hexyl ) %t hi ophosghat e, zinc di-(nonyl) dithiophosphate,
2| nc di - (decyPybgs e W)QHGE%’H 70l blpgle di - (dodecyl ) dit hi ophosphate,

zinc di- (dodgqgé@gﬂ)réh dedi t hi ophosphate, zinc di-(heptyl phenyl)

di t hi ophospha xtures thereof In one enbodinent the

conventi onal | Qﬂ&is}phdnumeaambmhmenaﬁxé/}ubriemm@mmmuﬁ&tl&gemnpnses an
i ncl udes a net al ar byl hos r_di hydr rbyI phosphat e.

[ 0069] The hy8’i*‘=’6‘88r @? ?F«S‘P | I THP%%/ 3 éB% of graopbRhigde

strai ght - chapdmpfisé B %@thgl% @k‘@’bol?ﬁlﬂﬂﬂldea ti‘ﬁ)i&ilahgleaédﬁ{ 191rdOl6Pmﬁctures
straight-chain or a branched al kenyl' group, an aryl group, oOr an

aryl al kyl gr thgpeot] 0070] I'n one enbodi rrent t he hydrocar byl group of t he

met al di al ky phat e an oi.l .sol al The al kyl

typically i nquggis SI S fseﬁnﬂ?m&‘tﬁ’gﬂperﬁ ﬁ’ﬁ Orﬁﬁ%(?j?m@ﬂ[%’ BTG % ngg
about 4 to abdedte@ror@rthélpesip %ﬁ@stﬂ{goblf aB&utCRRAOR @BLATUL 10 wt %, about
[ 0071] Exanpl es of the Str&/(?ht chain or branched al kyl groups include

(rjret h?/l e; hyPI p;:o“q pxibsut ;tp/ei:ﬁ‘%?’ﬂ‘t Oﬁeisé% tq@@ﬂlyf “(’jfoét lgand ?‘bmﬁgl 25 ‘l-vt
ecy undec .0 ent adecy exadecy
hept adecyl a%dtooc'(t%aggc tIA) bt e I”[IB%%(% eﬁcsyttiz r?c al kyl group in one
enbodi nent c¢ hﬁadtazsl@smgmmbout 5 to about 7 carbon atons, and in

anot her enbog] out out 11 carbon_at ons. [0073 Examl e
of the cycli @mg‘;ﬂ c5 ﬂgﬁdg@déafé’i%%‘f‘fﬂ 2.5cqimespaptsl, 3. 4- thiadiazole,

cycl ohept yl gg0uR;igeiRyd cysdepenty! gk y )
o ol opel 0penty|1§g| neét CYferog opent?f H}%ﬁ]ﬁh%ﬁﬁétﬁcﬁf‘efacy%sodlmerc?pto 1,3-4

di et hyl cycl ofheatigdolevea MyHmecatmhidxgsylokitivetely2, 8ydiinetagid-1,3-4-thiadiazole, or
met hyl et hyl Cglcglo%leer)s(%héreo? t hl}ﬂecg go%]gr)éyc!f lq}? ro Xargylcsu%snputgé 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-
[,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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di met hyl cycl oheptyl, nethyl ethyl cycl oheptyl, and diethyl cycl oheptyl
groups. [0074]1n one enbodi mnent the straight-chain or branched

al kenyl group includes those having about 2 to about 30, or about 6
to about 20 carbon atonms. Exanples of the al kenyl group include

but enyl, pentenyl, hexenyl, heptenyl, octenyl, nonenyl, decenyl,
undecenyl, dodecenyl, tridecenyl, tetradecenyl pent adecenyl ,

hexadecenyl ,, hept cenyl Yy r.0 7 n one
enbodi nent ttﬂé'l%g}‘@?&g?eb@?ﬁ‘bg qi?&ggg ”g 4158?‘?{53%9%68 %1]%60 3@%‘&&1615”
carbon at omghoEx@ephesutqip. t he aryl group i ncl ude phenyl or naphthyl.
[0076] In one enbodinment the aryl group is an arylal kyl group having

about 7 to dBB%AI ZGIIbQIPEbéiﬁbQ@lmt t élnpqhégoléfcomp@uadw ﬁlewact@ncmpduct

pent i phenyict bR SR el SR REHsdtle! RREPeL ptudes
decyl phenyl ,anLHllldﬁqﬂﬂeﬂdﬂexﬂiyérmnd(hé%H{}ﬁl @hﬁ@yéontﬁhﬁﬁmh@!ﬁﬁﬂ!}iﬂ 6, e.g., about 6 to
di but yl phenyl and di octyl hen%b@ l 007 In one enbodi nent the netal

hydr ocar byl &ﬁo@bﬁ%‘?‘% 609‘“ Ay @é?hﬁ’&taéomﬁc Thealdehyagpingudes jap
of a nono- aI r 0 n I

R L T %2%"’%9 Bh0% ol RO HeER i, & SRbRYQS Brndh,
hydr ocar byl pmds b gbenddeldidey dUecfal tyikgihnsip ma)hmdusdsa inbundsy 2dadiot dintet &,

iennbggio?rgﬁ{ gﬂnegggégg?% ‘éhfﬁpg‘fﬁga‘k}ﬁl s dival Sr%tbis(% l{!]lt 10nt)1,?, 5 thiadiazoles,
[0079] TheretakiefharRs shinh et phasehial 005 didudloors hbahasphat e

i ncl udes al um nium calcium magnesium strontium chrom um iron,

cobal t, ni chebtyl-2rhysiroxsphenylewthylthaolgamesseapted 1.0 el thiadiampbed,ur es  and
thereof In one enbedi nent the netal is zinc. 10080]1n one enbodi nent
the non-ioni'¢ Sﬁﬁsgﬁ ?Es conpound i ncl udes conmpounds w th phosphorus

at ons havi ngoe9go]oxXi Hﬁéﬂe%hlﬁ@cﬁhﬁnﬁfhe"tﬁwﬂiazbﬁa cotigoHNnt RAES aPlRAS RHHRIHS
conmpound i ncl udes a phosphite ester, hosphate ester, or m xtures

thereof A nos&b tﬁéfteéti"‘l’“éﬁldéf@@rﬁ %ﬁr@iﬁdé#z e nonZiSobistertnospiibtie-1.3.4-
corpound. | ekl 4 Sush o R s e M ypbige B 0T B
conmpound ot Petysulphide
[0091] In one embodiment at least about 50 wt % of the polysulphide
molecules are a mixture of tri- or tetra- sulphides. In other 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 8 to about 30, or about
12 to about 24 carbon atoms. Examples of fatty acids include oleic, linoleic,
Iinolenic, 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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than those disclosed herein, is described in US Patent 3,197, 405.
[0082] I n one enbodi ment the am ne salt of a phosphorus conpound ot her
than 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 conmpound ot her than those di scl osed above, is a
reacti on product prepared froma dithiophosphoric acid is reacting

with an epoxi r | ycol ., This actio uct furthe reacte
with a phospk}&ﬁﬁ ag{% %Sﬁ‘l'ﬂ‘)]é’}f%e mcﬁ? nés eé}ve(iv\fﬁgp"e an pvdé\%rrange 0
signi fies abelkends.t ThabeheStypidalighamt o]ﬂet& B8RWodbic BbndPOTke d1e@s in
about 4, or 1 to about 2 carbon atons in the al cohol -derived portion
of the ester yne Tembefimenteconiain uakantad &0 iaheat i1 epthindetens.a §nyﬁ‘é1¢e
oxi de. Exa f ) ene OXI

oxi do, bt eng BeimdtRS e SPER R wglEs B RGICH B0%0BH, SR SR RE

the like. |naons. eEﬁb@tﬂbr&ﬁﬁﬁodﬁﬂﬁenieﬂﬁ)(!ﬂdphur%eﬂr@Bﬁh&ﬁ@luﬁ&ﬁ dg.oldhe derived
gl ycol s |ncI e aliphatic glycols having 1 to about 12, or about 2 to
about 6, gﬁ%Pr(’Eﬂeé‘eaﬁB ¥ty Eng appieneeionsktuea dherpehi ophosphori ¢

of roheti %S"i‘ﬁ’é‘ﬁiﬁﬁéh%’?%’ee@. PR B ETAIPRLE LERRER DTG Eh fRea

and 3, 544, 466 onilhad ymesiging b}gkmrdsschnqubhem defin asl dwicﬁri’meamﬂale@.

0084] Conven Pre rat exa e of sujtable .
i thi ophosphBIBaT il b IEIE N BoprupiEd B sadiny plossRaRis
pent oxi de (agﬂﬂﬁur@&dgﬁ@ﬁﬁ/)l @Eeragp%ieléglcﬁ Oéﬁﬁﬁhlﬁ'ls%@rélggltp‘i’ifen@lb%iphﬁlsed
m nutes to about 514gr ansof hydr oxypropyl O, 0

but yl ) phosphéipedienpi ﬁép@r(q@detbey@@bwadamtwl@uas@d_ If&pmmmmﬂysluhﬂmymyd

h f I d
Bbout 250 e iR Akl ER s e R PR aut 25 hourss.

m xed Wi th aFdtiasonvaciess earth and filtered at about 70C. The
filtrate contai ns about 11.8% by wei ght phosphorus, about 15.2% by
wei ght sul phif098hnd lapngcarabatimsat thst lubricatng rerpesison Hurtlyr comprises a
Or gano- Sul ph n 0sl

fu?t her coﬂpltrl%zlgg [rggé%o%]rekar%g su f?ﬁ%ﬂ?%}n%ﬁﬁnén%q gtth?géhtgﬁé&r’rg)g?ﬁ%nﬂ reéen?
enbodi ment theangegmﬁmt%lfmht dee gampréssitiay dfedsit Onet of tca about 5 wt %,
pol ysul phi de, thiadiaz m _xt ures thereof

di fferent en‘f:hf’dﬁ Rentd /Ottq’\ég%?tgda%qfémﬂb&ﬂt Q23 Wt i B abrutidn é’Vt %&n@@ut 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 wunsaturated. Suitable acids include 2-

ethylhexanoic, decanoic, oleic, stearic, isostearic, palmitic, myristic,
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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

hydr ocar byl t hi o-,subst,i t ut.ed, 2..5-di nercapto-1, 3-4-thi adi.azol e,, or
o gomor & HAPBEPIR ainttiEoleig. i ROGRBii B0 <Gl AR afprt hharural
2, 5- di mer capirodudis fallobd, arhilmzal, &1 i Pehivutl @, MBobY of I0kRA N@afs foot oil. In

sul phur - sul phur bond between 2,5;djnerpapto-1,3-4-thiadiazole units
to form ol i fogemsbasimeniothgfatipaeidots deicdcihi ddieazigl the dpim of a metal salt,

[ 0088] Exanpl.ges. .of ui I Fadi_azol nd_i.n¢l u e

one of a di r%gﬁlgglrlﬁ gtth%i af?@zg?éeﬂ,}a%, 5 n(gr %%MT %ng %‘e- lﬁf)aaclt%z%‘f%feu,de
3, 5-di ner capivefths@d 4hd thbhagieftzeb® products. Examples are overbased calcium salts
3,4-dinercapto-%1h2, ].-thi adi azol e, or .

4- 5- di mer capgP8[ 1asie Pleicddgingord! copmless yhidadin peavarespied by the

mat eri al s S%H%ﬁ% fmil4 .Zﬂ?@f_%%fé%@'. y@edid Q{_eifé)'trﬁxlzdlj Bﬁid%, the condensation

hydr ocar byl -'substituted 2, 5-di mercaptol, adi azol e’ or a
hydr ocar byl tphoduc ubdtid¢uthede Drépadedren taphnorchi3, of- withipathayodreseapedary

commonly utili.sed, with -di mercapto-[.1, 3, 4].-t hi adi azol st

comonl 3 ut 11864 St o BufemiBr 14nEy Deltialetar ot BEUBAIRORRS phen
nunber of caph@ioRhe e WdnlBiBsaYH PPERIRYE 2HURSd Wiﬂﬁﬁlhiéiﬁi%ﬁﬁ)r'ifb@éiﬂi%%
about | to about 30, about 2 to about 25, about 4 to about 20, about

6 to about 58ch @p agpdyethplenepelpomine] Oln poO8Sbpdinamé therifuelioremodifi¢rels

hi adi azol is 1h Lon product of a.nhenol  wjh
al donyde. and 8 RS RMAGREE BTG ARG Rl Lo Ru il ety ome

phenol wher i polidiRyleh&pbly@iting, G@NinapdrEcdlbr,|tB@pto@ROUF idstelrif acidRatt
6 to 24, or about 6 (or about 7) to about 12 carbon atons. The
al dehyde i ndfHRfERYIGRFPENHENDPBe cont ai ni ng about 1 to about 7 carbon

atoms or an [@éﬂﬂgﬁg@s 3%@%%&3&%@2%}@/%{&%@@@%9 Sncl&S Hose formed by

t hi adi azol e "conp I nc I 'dit
mer capt o- [ 1,18¢ 4prddnsatthmabtleshydroxyalkyl compound with an acylating agent or an

2,5-bis(alkyldithio)-[1,3,4]:thiadi.azol.es, ) ,
2-al kyl hydr &W%eMH{ﬁ Wlﬂﬁlﬂ dessfiatiog aﬁfelw@: nydrexylkylfompornd s degestbed
as 2-[5- in US Patent Application 60/725360 (filed on October 11, 2005, inventors
hepty1-2-hydroxyphenylne?hylthlo]-5-nercapto-[1,3,4]-th|adlazole),

and mi xt ur eBarthey, dofhifioBeBn anddptend adipaeagraphsest middPekol dheofnstiond
i ncl udes at |

e ne, of . . o . .
25 bi o(t or (USR0S ACHIES- 12, 5S, Peradhaisegon, SRR ireu, P THCS)
-1, 3, 4- thi agirazaakal vor thd %@u@é_tgfft"-wex(@Pw,t hiv@preln R 4ahbi RYi 22 dgh
Pol ysul phide [0091]1n one enbodi nent at [east about 50 wt % of the
pol ysul phi déndependently 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*RNR®, wherein R* and R’

are each independently an alkyl group of at least about 6 carbon atoms and R®

is hydrogen, a hydrocarbyl group, a hydroxyl-containing alkyl group, or an
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nol ecul es are a m xture of tri- or tetra- sul phides. In other

enbodi nents at | east about 55 wt % or at |east about 60 wt % of the
pol ysul phi de nol ecules are a m xture of tri- or tetra- sul phides.

[ 0092] The pol ysul phide includes a sul phurised organi c pol ysul phi de
fromoils, fatty acids or ester, olefins or polyolefins. [0093]Q s
whi ch may be sul furized include natural or synt hetic oils such as
mneral oils, lard qil, c xyl ate esters fromall ticC

al cohol s and“PHY f/mg?:]inéfsg 3Fky§ grﬁﬂﬁtl & B0 ‘Tn e@egg?cﬂ‘s}’t]@é’ gt fhe friction
nyristyl ol ealo@if@ddisodeRib&l @Rl parRt APPMRESA Qogm@vgwﬁﬁ%a@@&@mﬁ 8
or glycerides. 50094‘11Fatty acids include those that contain about

to about 30, 2&¢ 1AB®EE- 12 to about 24 carbon atoms. Exanpl es of fatty
aci ds i n.Cl Udglttﬁlogi 'In onrelo I%Cdmlleh{'&e rfc%bgtr{lj?dalﬁ’ga 11}02111#%; aaaeagggg lpé?aguct

fatty acid esters prepare romm xed uns

such as are obtadingstoblkyinaaiheBbr fdatcs cadtflined gatiall voodicl Scidi NTheldiivGon
tall oil, linseed oil, soybean oil, rapeseed oil, and fish oil.
[ 0095] The poMysifipHnaldehepmaeends repaed dePrepsati Yo lcampliead ahgefdis

al kenes. ThePQt'eﬁﬁ%E@h&aX%‘nC@/ééfoﬂ%"e one or nore double bonds. The

olefins in one e i ment contain about 3 to about 30 carbon atons.
| n ot her enbidilGéht dn omle@fm‘trmhmemitae Hriationinddifier mbhides 1160sealeriabd ditond
to about 9 carbon atons. nbodi nent the sul phurised ol efi

i ncl udes an eé@ﬁ?f%?i(\ﬂ@at oF Bri BRYCEATE OF BRI eFrivHEnk ey with
M xtures thegeofmiRARGKLN GRREMDAFE MettdhemBalas ulahige oMy és eRv &

pol yol efin derived from polynerising by known techniques, an o in
as descri bedh)abova;bﬂ Goomisl mwheOMMtleaﬁeab@.ltyéutqrhndeatomsl udes

Gty ot ot ol PSSR UL FRUBL LS00 B et

di cycl opent agliign®, ansalkplhwdcﬁﬁa ahBy@Redte widngisldpbrh S8 dlaRligbedlagder A

adducts; phosphosul phurised hydrocarbons. Friction Mdifier
more detailed description of such a friction modifier is disclosed in US Patent
Application 2003/22000 (or International Publication WO004/007652) in
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 ETHOMEENT™ materials is ETHOMEEN™ C/12 (bis[2-hydroxyethyl]-
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[0098] I n one enbodi ment the lubricating conposition further conprises
a friction nodifier. In different enbodi ments, the friction nodifier
is present in a range selected fromthe group consisting of about O
w %to about 5 w 9% about 0.1 W %to about 4 wt % about 0.25 Wt %
to about 3.5 w 9% about 0.5 W %to about 2.5 wt % and about 1 wt %
to about 2.5 w 9% or about 0.05 m %to about 0.5 w %of the

lubricating corrp05|t|on Mg FaN |f|er i,ncl s fatty,.

ami nes, bor &P&% 41 PRer oIEt@&z\?ﬂégﬂf at t yeé((,)l H%’%yeﬂ?'?g?fmr;ggﬁf’%%l?lﬁ)c Y
epoxi des, baraeMERItY gnoxi(ERsa- h?ﬁﬂéﬁwﬂh I]@@iyaflﬁht:)/ MH@MEmmatE/dz

al koxyl ated fatty am nes, metal cids att

i mi dazol i nedbis aqirogaﬁﬁhsd]otﬁllawqmm@w |Eé‘"ﬁ(al*@§51ﬂ%ywéﬁ s hBroxyetlor e

to as a det Sl at f

to as a det ggg%hﬁ‘%”;‘m% ’der%@%(it)(ﬁ)dné%lﬁodug?gfof&’?% @1 &ﬁﬁ)éés\ﬁ-a%m@jj
pol yal kyl enepril @sEENS! or 18rm2des Qﬁs[nstelmkyﬁjdtb!ﬁ mmmymdﬁne)l; 001Q@H
In one enbodinment the friction nodifier includes a fatty acid ester

of gl ycerol EHR@MERNM dpEdu@elyeayethylans kiectedeoylaming). n%t“é[l angijep angn
am de, an i ]g%%@é] f

contain abOlrJ%t tgé&‘agagafﬁrgiﬁ%tg#g% ou?&éﬁ? Ici) %E“gtsjtlaétg%c%?%g%‘ga?ons The
fatty acids [e10&)r ahcbed enfoodtrnmtgh’e -feiotibn, medifior atdudara pobal wsat ed.

t abl d | t
Csost ear | o, JSAMHECIIE. URgRIGE Se/sOARICRIaR & (oe i §POREI s 2 and
l'i nol eni ¢ aqogifogjanth bhe @RbARmEROTh T8 R Yh&difief QHYGESs haldwPWotdiRlm

oil, olive oil, peanut oil, corn oil, and Neat's foot oil. In oOne
embodi ment tfhetlmaqulﬁen & descoibed gndsS Patenbdp8 406620 taimmno?, knerdBap

salt, typical al cji. u and t uct
hol ude” bvernilal SaHEE 28 VST AR S b iR Bt IR b DS e BHE

cal ci um sal ttg am@lnﬂatsl ino| B gpesfid-@hRcakahid GOSRLEX RS p@ﬁﬁ&tng:aﬁb tp@w
represent ed b%/ t he general formul a Zn4d eat e60. When in the form of
an ani de, tWetwsHdERdeR MO¥ifigloduct i ncl udes those prepared with
anmoni a, or pr d
di et hanol am[pl\%ﬁb\}\h Inn&]ié/tﬁgo 121?:%90 ﬁr‘]&mm az%ﬁﬁg@lﬁ?%ﬁ%%&&??ﬁ??@%
product of aif amtsxdnmrisbd alkiingirisnbstontedosy@irinenhydfidasnd a polyamine as
pol yet hyl enepol ne. one di_ment t rlctlon d|f|er IS
condensat i ohie}?ﬁr cin (HS aftﬁ’ttt;%ggg 083 witt HOQ‘HHUt 2, 380480 1 8 Qutt3 co Fpeci 10
atons, and anRliyabdy! EndePRIdRN PRI RRdaddRripad tlhcesafﬂateﬁthﬁ 38R0 &@YCire
of isostearic acid with tetraethyl enepentamne. [0 | n one

enbodi ment tfahdrr disclosed nodidlisn Bndinaded tbh@ﬁenmo#némeb% .t hBreparative

condensati on_of he hydr.oxy und |l ati
o e el e R eg R TRNRS AR A BB 5" BeR o e 08
descri bed i patdat Ba4@rds3Appl i cation 60/ 725360 (filed on Cctober 11,

2005, inventors Bartie ey, Lahiri, Baker and Ti ton) |nﬁparagraphs 8,
and 19-21. THELKY| chyj orPngodiembeditaendc| died frlﬁ ios PerodHier Appraledasi osn

g%/ Z(Zifgg ! \%ﬁlﬁoﬁ’pﬁ{h and]qﬁ?r g&egeac%e%dso g CB:'"'JI% a'i'i'ﬂ» l%r hR%‘%“Pder the

groups of atraleaatk Bheapho6® CavIQIPP.at ons and 123 is a hydr oxyal kyI
group of about 1 to about 6 carbon ataqns, or roup formed by th

condensat i oG4 ai bt RY&FHIAIRGRE 8?60@[5‘3“‘{111 ﬁera”l‘ﬂ}’é#%x%boéi‘tﬁépfaﬁy

thereof, wtg oﬁﬁe%%% 16800, BEE NEno vl gﬁhs%lcﬁ lgiﬁ%{gﬁ%% 3rsioc! paed
i n Exanpl es and aragraphs 68 and 69 of US Patent Application

60/ 725360) . ollrsaduiele e htuoai cretdininge camipdeitiofis aaday@r@aydchll:lwlremmqgom“td a
IS prepar ed by reacti cid t. is, acetic. aci
Ho Bror coontattefretie ahp hacF61GAb0u 25HE it ar PORE: FraPds Bt

modi fier ingliddege fatBLERNGAE Yr Ak ISl 6,80, FWeNBHPRLBLIEERT B edx g
the formul a R4R5N??6 %e\/\her ein f?4 3’% eR5 are eachtt?nggpenaﬁgna?l%? an *

al kyl group tyficaty ceniginsabbltast abauth8ncaabammtemsl iR6the sfakty dgrogen , ofathe
epoxide (or the alkylene groups of the alkylene oxide).
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[ 00105] In one enbodinent the friction nodifier includes an

al koxyl ated al cohol. A detailed description of suitable al koxyl ated
al cohols is described in paragraphs 19 and 20 of US Pat ent
Application 2005/ 0101497. The al koxyl ated am nes are al so descri bed
in US Patent 5,641,732 in colum 7, line 15 to colum 9, line 25.
[00106] In one enbodinent the friction nodifier includes a hydroxyl

1 def. ned | | 37, .11 9, t | 39, li
36 of US pat 113! 5o Gt RUBRtP IS e RiFBis iR thaadhod
borated as syshthelrOostepiratian evidets eivddest 1he 6o Blyvo hiaf@iad® RRagent A

colum 40 line 8 of US Patent 5,534,170. [00107] In one enbodi nent
the frictionHbeH®i kerongiogifes onany| Kodbyl eariansafvirme @ horic ggid including

et hoxyl at ed ] er I: f - 1 9 - .and. 0
Torah P 1 2t e bih R bR B DR RRE b S0t Etinh
28, lines 300t ortAbborik heid. skitdgaht 8 amlckelky laatedt ant TatE epeidadSThe molar
i ncl ude conmerci al al kog‘xl ated fatty am nes known bé the trademark
" ETHOVEEN' afdl%a0higagptie ip 6FgaRE & iRasorraligeihost d i 43 o ab@xtaif esalyut
t hese ETHOVE Rial s T-HOMEEN] ' e -
co co -am ne?NE@H%?EI{Wﬁg Za%?%o?'yb xyet ﬁ%ﬁﬁo %%@'e%x@%%@féééo?ﬁ(&dunds
ETHOVEENTmM Spkpardol t5f Rlehghiohgaky et b yed geatsaaridniedating ThEEEMMp dhti?e of 80°C

( bi s[ 2- hydr ox ]-tall ine); ET m T/ 15 . :

(pol yoxyet hch}/ezé ) M%Oﬁg&;;toliaﬁgﬁg% t1® period of time sufficient for
(bi s[ 2- hydr oxasgtiby hd @dk@YpIa&dN Nedesired, the reaction may be effected in the presence
ETHOMVEENTML8/ 12( bi s[ 2- hydr oxyet hyl | oct adecyl anm ne) ; and ETHO\/EEI@I’m

18/ 25 (pol yosk etsupsentpllpiowt.adeoiallynigel. omanicydidwimeBusing the reaction,
et hoxyl ated fatt 1.n e al.so described in, U S Patent 4,741, 848.
[00108] In o\ﬁ%{%){ %’lhrfr%?l?%{ Wgyfbreirgmogﬁé hﬁglilsftl%noinhcl udes a pol yol
ester as desoilk€d ubnchith PFiBtitd, 750, 476 colum 8, line 40 to col umm
9, line 28. [00109] In one enbodinment the friction nodifier includes
a | ow pot enciP¥ddkt g Wwberring oscompasitigemciyleygapyakat spitBa: ede of
in colum 2, hine: 3, d.ls 2 S 40 -
further di sc‘dgglggniz% éfgicg%lgﬂ& mfi ndghggdt gr %A(%JI ulﬁ?]frg%f:lgﬁg’ Zgggléggﬁt}oé} ’
mat eri al s andydrefinsimg hingpnedinedgrefined laad/ rpatfneyoily amt mdtturmdhéicef..

[001101 In O odinent the.frigtion difier includes a reaction
product of aﬁ’%iligﬁeg\l"”?é’aﬁ acligeHlﬂlu‘ieuB%’tn?atqﬁ?’éﬁ ‘éecﬂ?&qbﬁ‘? ©ilsn AYgeTad it dng
pol yam ne as@8gfds kN ' | 4H fod

to 43. Speci fic 'erfbt%g%r?gntésg%é?&%ﬁgﬂ? ??%??%‘r%?ﬁ%dgﬁ%r &ggs%lg ?dt;{eg%?g](‘%g
Pat ent 5, 840amb3igaik dstars hafr ppsdloosedbritaingnd weids3, $yniketR3 ofle oakubhe

Ui ne 45 to Oy FFBes ThmR Bhbat dhbi b SR e i pra e i
enbodi ment  t fe-forligdit @fsMafivhie &b diEh bted e BB nokdt NGB Pradeht 1IRRARtion

or di- ester sold comercially by Rhodia under the trademark
Dur aphos(r) BVesstul [wie gmplayeshdneabsai-treliguidheil r i OficonFisshiert Teapsch

i ncl udes a V. I kyl ene qxi de, known from
Canadi an Pat n@&{%b&%tﬁ%\g&%}wﬁﬁg@g 11&1%/0_112% Wbl e bor on- cont ai ni ng
conposi ti onsjlatesr épavee aybsdiacit Nnthe das@ sieMpehptitdse 0 podphaddOtn
to about 250C, boric acid or boron trioxide with at |east one att)fh
4

epoxi de or aMEYIEHE dxFAL-2THAPHLt ¥ APEXI BEQH, aPAPrEner okAGeS.
typically c i Clole g i.n -gr.
I T i i T e T S O S
[00113] The dmbatiednt Abhydepori des i ncl ude those characterised by the
met hod for their,.preparation which inyolves the reaction of two
material s. F@ﬁbm X PRE cirbed et dhe o1l air ECHIMERSCRM VIR S0\LgHGT SHSh as
forms of borjc,fgitd i ncluding netaboric acid (HB02), orthoboric acid
(H3B03) and tetraboric acid (H2B407), or orthoboric acid. Reagent B

i ncl udes at [084%8] oheohaempodimxitdes oiftod Inlpdicatingatis@sdl is edlgesttinaroa

polymer (may also be referred to as a viscosity modifier) including

hydrogenated copolymers of styrene-butadiene, ethylene-propylene polymers,
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[00116] In one enbodi nent the base oil conprises a polyal phaol efin

i ncl udi ng a PAO-2, PAO-4, PAO-5, PAO-6, PAO-7 or PAO-8. The

pol yal phaol efin in one enbodi nent is prepared from dodecene and in
anot her enbodi nent from decene. [00117] In one enbodi ment the oil of
| ubricating viscosity is an ester such as an adi pate. [00118] In one
enbodi nent the oil of lubricating viscosity is at least in-part a

pol ynmer (may. al.s e referred to, as viscosity nodifier) ingludin
Ry ogenst e Lotr e apEissaid® b iaRaRE s nyioaHRs) odyritienata
pol yners, pedptesopignes, fuighegroaiad siidr efersi SRPyRFlaROlp e eSters,
hydr ogenat ed |sog}r'ene pol ynmers, polynethacrylate acid esters,

pol yacryl at @odxalkylestysenss, pdrapal lapy! sopiugates dingepgnolangss, quyiyelginsd

di | j | - d f
ol 61 - anhy SRRl R o Yl B B L B S ARl o
pol ynmer i ncldiffesnpodylimiihastsy Hat @ohgher esdledss, ppbhnyabiyhBte @al dsters,

esters, polyal kyl net hacryl ates and_esters of mal ei c anhydri de-styrene

copol yner s, B9oYarrdaisut s estersyi soolyadlsyimedhassflatego 1d] gsterpnet maleic
enbodi ment t I b i i | i V, i ol ymer (or
T acos Ly mary Pt Sy bXap SR A0, MIRER Kol TS BB Y ™70
% of the | udfOtH}i nip coeposiddimant the onleofehiboidbiemtvitdesitpirhayfrontain a

| ubricating viscosjty.may. contaj.n.a polyner (or viscosjt di fi er
bresent | n PARGES B RN SR oD i BSBb AR Tt R Gt Ptk T It Vg
conposi ti on.wi % SNGe BRI Mot RitRi. Bf ohdBLbEEIIAE thd ST RFI&bridHN g
contain a polynmer (or viscosity nodifier) present in ranges of about
10 to about vé&Fowity dgapcoriBue podymer ¢on viserbiyt medifinr) @resent hre ranges of
| ubri cating si.tign, | ne.e i the.l ubri i.ng..
conposition a@%‘rlrr?)r%i sv,vtés%altlo oai%f)gtog 5I g’g?g’cgf?%% h\?‘?ersl%aglsrﬁgt §gr§%8% ta{lmf‘fi ngl:jn one
m xwres of @mbosigasht e Bidifflubficaig dbcARl fawoghthinl a polyinér basaEseisity
I n one enbodi ment the lubricati g’% conposition contains a_synthetic

h
oi | of I ubrimeedifighy RFpE4R rnges od rbopt B (& abgut| Gt Catqridodt $8 0yl foyto
may al so be I ngd ASo,SPECHLI i Nt he Petrqal.e Lfu
(A>I;I ) Base 6@1?{14 %e?‘g h?n%gag‘ﬁ ﬁ%;i%jpge?%ismﬁ oﬁ%a Oglﬁbgﬁbhgﬁé{t h%l%
oi | of | ubrildat¢atipgyvesnpsditign comprisse sinacil ARl luBricapng ,viddogity |dontdivng

V, VI base oil or ni xt.ures ther.eof, nd i oth e i men; PI
Goup 1% iyt gLty o an 2l AP LRt L R eP o B e
the Of 11O Ihioktbh e Wb B QRirYodsin R0kl DtyrkherRase o91ddkin

anot her enbodi ment a Goup |V base oil. [00121] The amount of the ol
of | ubricativagositscosity present, is typically the bal ance renmining

corpounds. oo o PERAE TRHYsRtoN ool ey ke Belfae B Pephied me

convent i onalApbosahpétts c@Rtlnwedte WaseXJil BirerdBhRsGbilayaBeatlindshen
or ganosul phi de, and the other pertormance additives (described

bel ow). [o@ngZmhadipaet GerutiphltriceHBe VigsopdacPagrisenpo iRl Grpupsh ith
t he form of n dlor_. ted Lubri . tHye
phosphor us ggh? gi’ ﬁf%ﬁ %(%%ﬁ t% |va,9 l?l%éJrgér é%eﬁ%‘?%l% gﬂllgld%,m%%dérﬁﬁéeﬁlgtehterj& i
per f or mance Gaddp I, VHS I'drtese biltdrenikorres diereofc dncaptireatembpdirhentt thayillef
conbined with additiqgnal oil to form in ole or in part, a finished
| ubri cant), ¥ H&C3HRE @SRty id 2 (GRpBAERTS YoPatn ! pugin agethggembodiment a
conposi tion d,8ub #¢ 14 gogf | ubricating viscosity and/or to diluent oil
i ncl ude the ranges ofS about 1:99 to about 99:1 by weight, or about
80: 20 to abd0@1i21Q: 9Dhbdymwenight the GilhnefluPacdtorgranomsitidaetentds tyficd2olke

The conpositipn of the.inventi optignal Ly f her ,incl udes at |east
one other prPaFRETRE TR EhLoRefine R athaf {00 FRAALE Stiant firegnoint
include netalf draclMRf@ls. ofleher gk iSRRI atfeS fri¢lisk O/dd¥fier, the
nodi fiers, dispersant viscosity nodifiers, antioxidants, corrosion

i nhi bi t ors, chowentionhl phesphorusdantisvesrfdndfay, exfoame poisauredegsnbsibarrgano-

sulphide, and the other performance additives (described below).
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[ 00125] Antioxidants include nol ybdenum conpounds such as nol ybdenum
di t hi ocar bamat es, sul phurised ol efins, hindered phenols, amnic
conpounds such as al kyl ated di phenyl am nes (typically di-nonyl

di phenyl am ne, octyl diphenylam ne, or di-octyl diphenylam ne).
1001261 Detergents include neutral or overbased detergents, New onian
or non- Newt oni an, basic salts of alkali, alkaline earth or transition

metals with re_ of henat e, sul phuri sed phenate, a

sul phonat e, g&@f%ox 1 PR 5511%8,8?’?%6@5 dﬁlbrrl%?ég]&c?%?l_’%?l & ULy Gy of a
di -t hi ophosRRAEdEraeE held/oR aSRl Iy IRRInIat@N Wdriekhe alif G fRph&d @ntaining
salixarate. [00127] D spersantS include N-substituted |ong chain

al kenyl succiefilitivdeshe arxganetsulpiddeveami tie etbadendatmarccprdsdtiedssarasin the
o] 2 PSS A JELA UG LOUAT SLARATE orm,

di mer capt ot hivdii@as! ®Spar€,ak befisHéd Hhiphd-ae), Bk dahydes thkeb@pESents of the
carboxylic acids, hydrocarbon-substituted succinic anhydrides, _
nitriles, epdrtatingrermestivmpiouigsll ahdvusinssipasiiseostympd{pide. diluent oil
[00128] In oc j i i r.at e .

pol yi sobut yl gﬁ%‘?‘?ﬁ% %Eﬁl%k%tg?%'?%?@ggf@n%]ﬁ%&ﬁ%ﬁg@ g/\?%%é’gér %%?]’étc%Q%P to
wei ght of thebpal Mi:9obutwdigite ranges from about 450 to about 5000, or
about 550 to 0 500. [00129] In different enbodi nents, the

di spersant i S5 IMapc sel ected fromthe group consisting

of about O \AT"?IV\%ZB& aﬂ@&mﬂ?o%ﬁ\ﬁc\;\i{ ‘b(f% @#ﬁ{aﬁ%@xﬁr S%O%ﬂfﬁﬁmyﬁnagd& atfeast

and about O. to abou I cat’i ng conposition.
1001301 Vi scos¢ vthempdifbimearnce anditide Hysloibge pertfenn awpaklitares influde metal

styrene-but adi_ ene, . et hyl ene- propyl ene,  copol yners, .pol yi sobut enes, .
hydr ogenat ed%?‘%"’é‘?&ﬁ g?fﬁ’iggﬁgg 6@%1%%5@%5’ Wﬁgééﬁﬁ‘é‘gﬁrgs‘g&e@%t viscosity
pol yners, pohuaefidrac antiakianel bo@fsRinS inBItYACT haAt eniA6iter<eSd&hsifiers,
pol yal kyl styrenes, alkenyl aryl conjugated di ene copol yners,

pol yol ef i ns, PPl Bpkgenvesshnicr sdebswsllmgthgsstseprd ofixun¢sethereof.

anhydri de- st CGROk: b rsant, vi sity.nodifiers fte

referred to gds(ﬁB\Q/M qﬁn@é%?en%f%n%?ﬁ%ﬁgﬁf tstté% t%%ﬁ)%?é’fﬁs?@g?t 8f<§lﬁ%|°g}er
et hyl ene- pr opyiferearze pdditiver sorhpaindedy grdseenin ungideofdddiéeon tHe fhap
reaction product of maleic anhydride and an am ne, a polynethacrylate

functi onal i SESRSHtINE ArAboNf Revt BrioabprbAe Widhethous Snl uit Yeto abpsl nwt %,
reacted with £S5 WiBYy I Lt . t

i nvention. [%18&1‘%1 t@gsr rosi gﬁm?(ﬂﬁlqg)l ‘?(?)%g Ol!f?lhcﬁt fl}géﬁg@§ﬁgﬁﬁ?§§ﬁ§%’t éﬁglgtu gh
condensat i onope odugtirs offthd edergreyforsuance ndditizes ehayr baplresdiit, dieisacudni@on
fatty acid such,as oleic.acid with a | yam ne,  or t hi adi azole = .
conpound des’gqrih%gd’ﬂé%cﬁiaéforﬂ?é’flﬁ‘? aé@‘&é’??@‘é%&%‘aqeﬁé F%é&fﬁéﬁl‘i FRepviedeptive
benzotri azol gsedch¥ph&al |y tolyltriazole), 1,2,4-triazoles,

benzi m dazol es, 2-al kyl di t hi obenzi m dazoles or 2- al kyl dithiob

enzot hi azo | E¥125b0o ¥entjoxidants imtidsd mod ghdensiudenpopulsysweh sisaficlyblignum

acrylate and,2-. et hyl hexyl acryl .at nd optiqgnally, vinyl acetate.
el of 11 or sdtHeFbmeRsY Rt ReE sTETRE hisrSe, Hodialt Rfes ichpounds
pol yet hyl enesuehi desalkfeledpagmichenemigyd q85picalyd di-abhyll @henylamine, octyl
oxi de- propyl ene oxi de) polyners. Pour point depressants include
esters of nafighenymmis caédl-eetl dithenglsminek hacryl ates, pol yacryl at es

Oheh) o L RBIIRP . DRAAaef g P L s 06 0GR BeRRELRN MIMA or
non-Newtonian, basic salts of alkali, alkaline earth or transition metals with
one or more of a phenate, a sulphurised phenate, a sulphonate, a carboxylic
acid, a phosphorus acid, a mono- and/or a di- thiophosphoric 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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G ease [00133] In one enbodinent the lubricating conposition

descri bed herein further conprises a grease thickener. Wen the

| ubricating conposition conprises a grease thickener, the conposition
may be described as a grease conposition. [00134] The grease

t hi ckener includes materials derived from (i) inorganic powders such
as clay, organo-clays, bentonite, funed silica, calcite, carbon

bl ack, pig ts, .C er pht hal ocyani.n r .,m xtures thereof il) a
car boxyl i o aBa0GnBpgrrervt ARp SRR 48R st W SRet T Vi gyl aten
acid and/ or @gtRaptdigiheREdles(idatbord RQlIyKIdea NEelfides edetdes i dtboxylic
m xtures thereof [00135] In one enbodiment the grease thickener is
derived frorctdl diviecampradistitnted sasdnceanideidenenitiitesdeppyideas.f benomn
an over base | ci | ph er based cal ci um car boxyl at e.
I n one e%o%@ﬁtﬁh{l’%}gﬁg@g%%%ﬁ% ‘g néﬁern%lgs derived from an overbased

cal ci um sul pborzgje Ihade frabodigrnt Hodidpabar iaclG@sDOKYlatedl gl doBiitylene
ester. [00136] The carboxylic acid and/or ester thereof includes a
nono- or polsycEBipdRy| i & YRRHY afly ohuralsre avergeedrologilan weightyr af othe
two or nore i1k o [ ' 5}?/ e ey

di - car boxyl ipté)ngcg:(lﬂﬁlf %nggér %ﬁéﬂt@glﬁgg{ﬁﬁgg&@ 5@9%1 g% (§/ grSeogtggegbout
t hi ckener ig5@érived froma netal salt of a carboxylic acid and/or

ester. Ote net al _.].nhcl udes al kal i tal, alkaline netal,

al uni ni um OHOME%]M@% dﬂﬁ“@ﬁﬁ@bfe AHpras, o#“es_ FPPEBIY HetPAPEDf e dEanee
| It hi um po%é%i&%roﬁoﬁb%uﬁ%bﬁéi%%%?gx%ﬁﬂ ot YAk Hﬁ&utaidJWt “}B}JHE@\Rd
m xtures thereof In one enbodi nent the netal includes lithium

cal ci um al W hindnteoio apoatturesvitYreraadfabiont Onle wenbothi ot $ et Wetdl the
i ncludes i ghg um. I n..gne 1Et'rrbodi ment the metal includes cal cium
[00138] In R GBS SRR YN car boxylic acid and/or ester includes
one or nore [BIB3Ghevisabiiey ahodifiers ildMeds hySrigehake dedpol et of aty@éhe-
nono- or poly- _hydroxy substituted or unsubstituted carboxylic acids
and/ or est ePytadigiiegnstivhensdpiopntene hCopalymses| i Rolsispbutenes, udydragsaaisd

nore acid c ' ' ' (o] r

i ncl udes ong{)g%ﬁéin%r%gréggt@?@ngg?ggg{%%ﬁ%ggsﬁﬁgﬁﬁéxﬁa&%%xéﬁ@%glgfﬁyéme
wi th one or aniir estakcoliphaylalhecidlesehglpel yailyylbeyrahen htitenybiryl conjughtedt
5 carbon atons. In different QeJIEBOdi ment car boxylic acids

, th .
contai n abodie® FRPAUBBEES: PyYFtiapopelvallkylmeihaerylaies a9 eenit olg madeic
about 27, or p(mﬁ_ , : ;
at ons per m?lngcul e &?B%%S%)?}%ﬁlm%%é %%8%%?%%%%%@ %%?E%?%R?géﬁag?%rred
and/ or est eftot herB¥M] noklndes fardioonlisel grodprietas,bdwy | éxanmgde.dstigidior

esters thereof, .one or .nore di carboxylic¢c acids.and/ sters. thereof,
or 5 mi xtur S Eoogio e BrERad S BretenDidieil FReStdionaRite
acid i ncl udes rdlerl kanaiideagiithn hfim)e AR atchBineabRAIEH itk Ghd
and/ or ester thereof includes a m xture of one or nore dicarboxylic
aci ds and/ 0RM8BY.epls SEyRNCaBAlcah anbydriite copolimees prIcRSarbdX g iagningi By
and/or esterg,t eLFs%gfin bk Qd}ﬁ?oeﬁ%%f'ﬁl%tin%&%o%‘?r boxylic acid ana/or
ester thereof includes a mxturée of one or nore nonocarboxylic acids
and/ or est ef0618d] eoforrasidn ofithilsitorBDine lidieC acbbaniireC cati@bate, condensation

pol ycar boxylic_acids_and/or esters thereof ﬁ[100140 In different ,
embodi ment s Predietsel deteceayli wepnigned sy iddaand afatspagidasush as qleic

aci d and/ or ,eqt %h_tt.ﬂgqu Imfn%, %Praoaaagfa%aa%ig%rgﬁd gg&gsg%e&%%@eﬁ h e?zgg

may be in a range in ng about 5:95 to t or about
t o about 35d6éactivatorabowtud25 défivativabotit b8&o6bgzotes dbypikall30:td@ltriazole),

[00141] In e enbodi nent. the carboxyl i ci.d. and/ or, ester thereof

[ ncl udes ond-f By dr ARFUREREP Bonci Gt B bestiandetres nese. 2
aci ds. ExanmpligsqitfioeetiaR)1gs. hydroxystearic acid include 9-hydroxy
stearic acid, "10-hydroxy stearic acid, 12-hydroxy stearic acid, or a

m xture of {MHI3G] nlbraen t ndulsiodrs Theehedst eqopolmyersonpr ethel oaeylate norde 2-
ethylhexylacrylate and optionally vinyl acetate. Demulsifiers include trialkyl

phosphates, polyethylene glycols, polyethylene oxides, polypropylene oxides
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acid. In one enbodi nent the carboxylic acid includes one or nore of
undecyl enic acid, nyristoleic acid, palmtoleic acid, oleic acid,
gadoleic acid, elaidic acid, cis-eicosenoic acid, erucic acid,
nervoni ¢ acid, 2,4-hexadienoic acid, linoleic acid, 12-hydroxy
tetradecanoi c acid, 10-hydroxy tetradecanoic acid, 12-hydroxy
hexadecanoi ¢ acid, 8-hydroxy hexadecanoic acid, 12-hydroxy icosanic
acid, 16- hydro sani.c,acid 11, 14-ei.co adleng;c acid,, linolenjc

2o 0 oo b, 7H0Yg RS Bafad Biogyiehs GO FRLERPS o fogr B depretSants indtude

cis-5,8, 11 1‘&8’[1%?3 f Cﬁ%ﬁ@@nhﬂﬁfﬂrfﬁeaﬁyﬁne ﬁ)oiymethacrylates polyacrylates or
cis-4,7,10, 13, 16, 19-docosahexenoic acid, all-transretinoic acid,

ricinol ei ¢ adolvacadmmidasc Seel gvelbbgoys ézolnde Bakeh Nerioard FMENI]380) and
citronelic a i |c acid, abscisic acid, or a

m xt ure of t&%QDP%ﬁ&%gﬁﬁﬁaﬁélﬁFhf Re enbodlnent t he carboxyllc acid
i ncl udes pal Wirtgdeci ¢ acid, oleic acid, linoleic acid, linolenic acid,

licanic acid, eleostearic acid, or a mxture of two or nore thereof
[00143] In on®Boditnent Rediment dhe Hrbreatg ﬁﬁ@maaégn described herein
12- hydr oxyst g & 26 i

the carboxylic aC|g]hﬂnfudes%?%%éo%$§%§350|c a0|3% gﬁﬁligpgglgg
nonanedi oi ¢ aomqirlswalgea:seaﬂmi@enedetharm@hpmmmnﬁy(mIﬂasnrfbeacasda ,grease
undecanedi oi ¢_aci d,. dodecanedi oi ¢ acid, tridecanedioic acid,

t et r adecanedBPEOSLPR; pent adecanoi ¢ acid, or a mixture of two or
nore ther eof [dgy3ae PADRETEMhickBerCRAERRXY 1 feAglk tid i
nonanedi o0i Cc aC|d ?azelagcaaC|df. ﬁ one enb lo Fnent gﬁg ?@o&bﬁyggmnc
aci d i ncl udepdwdarsestichi s @lﬁyd C(rgabaciags,abcrdpmtél;h‘élm@asﬂlcae celartboxyiboa

acid functio grou ered. by esters such as,di nethyl .
Sei pat o ai naril DR S corRs SRR EEY o R tetele G At bontic
(sebacat e) dtiat hyd/ondisfat @uckli &t Bymonehanegbgat &rk@aeicahel aﬂd/@% héé{er
decanedi oate (diethyl sebacate), or m xtures of two or nore thereof

[00145] In offereatbdai nenelyure ¢rdinese, philgkewenresibeiedds a pol yur ea
t hi ck f
i ur oo such LPSEEY TR b SACHANE B3 MildleR B° Felideld Jidh it

t ol uene di SO&'anaHg avwdlhtaatlﬂdmmmeeﬁuﬁhﬁam s @aéﬁia@éﬂ B&lci¥im sulphonate
ol eyl am ne, %PB@% rea such as the reaction product of nethylene

di i socyanat e BrrREE yaharElals  H e ﬁm@PﬁW@Héh%hgﬁ?ﬁsﬁéthhe@f
first step an;dd@mfeat B OGS & %élcﬁhﬁ’%)ﬂh haemal 1ol %xém&sd wlifa
second step to give a mxture o ol I goners "have nore than two

| i nkages percmbbeﬁuisnéwdeﬁmne havi ng two |inkages per nDIecuIe

(iti) a poly o] | izing.the calciumsalt of a
Iom/nDIecuIaﬁﬁﬁgpght c?ﬁLg§Qﬁ35@‘d%¥y?re%. theggofdarivgrs @ mener phpoly-
conbi nati on wirbbxyQ ¥aAdIR ésturQh%oﬂrﬁaaSﬁlxt%@@éﬂﬁ%o bRen&E8RSRof. The
conposi tion may further conprise one or nore netal deactivators,

ant i oxi dant spolagatbaisdic gihtand/aruester miaybibeor sli-aarseosict yeidoaid/perester
extrene pres&g;; fagents (as described above), or a m xture of two or
nor e t her eof ustrial Application [00147] The method of the
invention is[ogdsfpl Theicdllybrareati Mgckentdr isetderiobd dfrbeld NBedEVdafe S0k
grease applications. The driveline device conprises at |east one of a
gear, a gear%&oxﬁéw apifl angeos estey. (Qlign thermeliel wreledesrasnalkali srstalaplkaline

automatic trg SRLARA o? IRAHAL HEARFM E3L08res I& %Pab?%e%l?bgclude

o i
the driveline device Is a nanual transm ssion or

or an axle geéhium] GdigE8jund, heoautrgrraﬁlnmnﬁrarn@iﬁemrrpnbarﬁmhpche@mmmm and
conti nuously varlable tran n155|0n§ CVT), infinitely varjable
transmi ssi on@Xpseg) theqgody ol gue; ¢ %‘&ﬂ%eé’it dhs, me@hineudes Lighign, pislgigm,

torque convefihgthiGhbChgS: %&S‘ﬁ% SRPethy3ULARL [
dual clutch translm SsSi onsu FO?M%? I'n O%gggnggéﬁg@nag@%g Hiftuft
i nventi on prlowmesnbalimehethgseetaf incheddswhldivwat i ng conposi tion

[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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Preparative Exanple 1 [00151] Step A: Phosphorus pentoxide (219 g,
about 1.54 nol) is added slowy over a period of about 1.5 hours to a
fl ask containing isooctyl alcohol (about 602 g, about 4.63 nol)
whil st stirring at about 60C to about 70C in a nitrogen atnosphere.
The m xture is then heated to about 90C and held there for about 5
hours. The product is cooled. Analysis of the product indicates a

hosphorus content af out 01521 St At

oo ot ur o TR, st tort wasbip et chPRE o e Datiter rters; ofn Ane
(about 760 @mtrbnt2thélcaiBdxyPRSAAd QRCIBERY ¥d BNtmBI &N cRiorid89 ah k)
stirring at (15-40C) mxed with a stoichionetric anmount of prolpyl ene

oxi de (aboutemi®gimesf thebearboxylixl agie) E)S’ffttrmpwd% qnﬁaoramoaol@rstemoﬂ one or
funnel. The Bs %pc}/fl tﬁg%a%&gﬁﬁ aﬁld%qg%lg oRY Bt & rore RS r1(':0 EQ %gcehg SR lbg

hour s, toform ure 1s t éa edto

for about 2 ahehiots ofhe o eduat 5I $:aﬂ:Q>@ aebmsT hetrprcﬁdﬁeﬁdntoém&@meﬁtggaﬁaea
phosphorus content, of about 9.6 wt_ % [00153] Step C. The groduct of
Step B (abogPrwaylis agids zontpingpops hpsahpusrOos=ab®y 4 1o abent a0 ercrbsnts
under nitr 0@!&%8{1‘9210*693&%8{)&’? t&%ﬂ&ﬁ@td%r(a&@t 154 too t%'ut 'éarbc?n Qﬂ%dpér
four equal portions over one hour ring |t| on t
terrperaturemcslemient ai ned between the range of about 55C t o about

nombgencous WGP T bibes st dnd ebarus Py din cshochedafinebudes

for about 3 hups, mbee ftﬁbﬁo@aﬂ%)@#ﬂéctac1d's]pgﬂd/%90!eét&g NG, 08 or more
contains 13.7 wt % of phosphorus. [00154] Step D: The product of Step

C (about 70611<7argoxséi¢o@mdsza2d¥0nost)ers thepsdt ed atoixdguel WECOT mage thereof.
nitrogen at s here,li i S-(2- . th xyl) ami ne. (abqut . 596
o bout . 450k rpbinfent B8 fonpl AT AR RO e 7 2P
period of abﬂmodan&whs i dx ffrltc(‘a@ﬂi 59l/b} Bget hRréofTRERAE B enikQrB&T one
about 55C to about 60C. The flask is then heated to about 75C and

hel d there §r MEBUAICArYFYHS. agkdSn 2SO | ﬁaetShéhﬁrre@ﬁu@td/@t SieePID MG
| i ght orang S o] r

Exanpl e 2 ?’8%@%92&2?‘% @J\;tg&‘é;é(st&%’%&%hf fIn %nZ G\Mb mglirltet@l% c@t%o‘é@hc
sim |l ar proeeunsd/as eSbephékeaﬁmc‘Bnchqo B naifcture e:rfamm—:t bt/encEJeaﬂodch:aﬂboxyhc
However, for Step A a stoichionetric anount. of e oxi de

g, 3.60 nol Bcids RIS tﬁ%eétw Po¥pRatedisarty @@E&ag ogpsl lgcartaf%cyﬁf
3.43 mol ). TRt eStekStleher heated to about 75C for 4 hours. The

resul tant product of Step A has a phosphorus content of about 9.65 w
% For Step [B)140e ]@rdtffm‘cntoﬁmsbétpmem( abe uweizb8 rgtio alfodicadol3yldc rapdjor

i s heated |n he fIa k an

Lhout 0. 904 PebSR SRS R aPB SiT UREeRE Y R AR IRRcid fiaflog bster
period of ab@étéoﬂ&amuaqheﬁrangeanmaﬁtgl Mdut SABETRERIR 40560, henbbat 3680
to about 75 C and held for about 5 hours. The resultant product has a

phosphor us ¢@APRt3 645, AEhPLE267 M0 shoubrspy ar irbeutBiingl e 3
00156] P
00155) e e FEOTPLR SRS SO, B o R e

reacts phospherdnmmnﬁﬂkoﬂﬁsts{@bpwldslaﬁd/gr e@tbﬂsut;f fhe3d avialks) Exmt[hyé afgl
al cohol (about 408 8 about, 4 npl ). The phosphorus pentoxide is added
over a peri SHitdile AYBIAXYYSakP ﬁﬁtdegwlsm Shydroxy praristanid Wrhudguy staeic

The product 4 Fﬁppgggc @,ﬂla%aﬁeﬁ@taout a 12G188% M6l ?lf H]kc))ou?{?e%ofl ﬁtétg;téé

The resul tan s a phosphorus content o
Step B is camay ednpuise bye roeandiengetityd epreod oc tnatfralSedprsAsuch 7ds. ﬁﬁeghyl 9-

0.719 nol sed on equival e i ght of 240 /rrol bout .

equi val ent s% gf‘)ﬁ%b‘g‘?wﬁ% Wﬁﬂ’é\l\?@fg‘ga@x&%s@a e=a5’§%}1y1%£rg‘1 Steﬁf’ée
resul tant ppogduGknitag cﬁst@h@e?d?lh&[Qﬁa%ﬂ@t@fgoﬁtvoa&qﬂore]tﬂm%@f""t % Step
Cis carri ed out. by heating the product of Step B (about 200 g, about
0.71 nol) af0&it BOGa rndpdanenttthe gerboatyho syehd irclades capaict amd, leurie

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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[ 00157] The process to prepare Preparative Exanple 4 is simlar to
that of Preparative Exanple 2. However, for Step A the flask

cont ai ns net hyl anyl phosphate acid (about 154.4 g, about 0.647 nol)
and at about 25C, under a nitrogen atnosphere, 1,2-epoxyhexadecane
(about 163.0 g, about 0.679 nol) is added dropwi se via an addition
funnel over a period of about 1.5 hours. The m xture is then heated
to about 75C and hel.d there for, about 4 haurs. Th roduct h a .
phosphor us cOREEHICHF 2 ﬁgd]i‘yrg%%lebﬁ a%é, R 8‘8lf’&cﬁo‘ﬁe‘§t %pbé’ﬁgafdélelf REH
heated to abenidi0feid,UbdSicAeibit! RIENeALIPPaBNC LA RRRISPNALERadienoic
pent oxi de (about 33 g, about 0.23 nol) is added in two portions over
a period of apdutinplgc sid,sl2-finérorgnistredecaneionvasidndehairoxb defradeggioic

for about 1.5 .ho .IThe pbroduct is then,heated to.about 40 e
it rogen. andiBiet ¢ 3R R bl i OSSR e GARHs ARE o Eroy
mol ) was addawsaiiopdise 19iedashdl iteyanfcuasidl 10Marteidodadulcs aciin€inolenic
tenperature is then increased to about 70C and held for a period of
about 2 hour 8SidTheisph.biddtciensatriengos pidr usraghidesist afdabyietd.bl b gl 7-
% and a nit t ahqL 1. i [ | n oshitions
1-4 | 00158%1%%% re?@%ﬁga@ghpggﬁ’?’ér(\)él 3??%Y%rdé”gia?%%%%gdggfﬁpmék tray
AXF2, AXF3 andindX-4cidr ecimodparadd bubdleindheid, idMdoatdagize aoid| ,lidah& acid,
product of Preparative Exanples . ]l tqQ 4 respectively  in an anount
sufficient t BIt%naﬁf SR wip%g%%?lés@bsmc a%eok § MIyRITe of R or
contain in Copyedradta! in ¥R diRedt tﬁ@%ﬁﬁ&%lic aci%;%a%gge gaﬁﬁﬁhatklaeid,

corrosion inhibitor, viscosity nodifier a our pol nt ressan
(200 ppm) . [OBiGALidCoimpeiat haid, Lmbtdn¢atacily IGmamposictd, orledstéCloChyid, i a
an axle flui %Isgtregagfd bly bl endi ng. i nto base oil, the product of
Convent i onal "Pr'8palati Ve BYEAPI%E"? i n an anount sufficient to provide

500 ppm of pAYABPr US.onkhémBaditheht Medgreatd tIBkee® Mh@hfded M-hydroxystearic
conventional anounts: a dispersant, a sul phurisedol efin, corrosion

i nhi bitor, vigeowidsaliydbereper and pour poi nt depressant (200 PPn).

ac are evalardl o SmsrAPRBEAaE kIR A S toss Rty B

Met hod for Evethuatioenacifl, hbeadedad c Gasid YangaiCapdd),t Jecafiedivly béidnisebacic
Under Conditiaqns of Low gpe_ed and Hi gh Torque Used for Final Hypoid
Drive Axles)2¢§he MRLsrRediB: apfidd i Jodiceantcdiqinat aqihe Apkgecangdipre  acid,

AXF3, AXF4, andg £l L r.: fi ci
useful axle flui %ﬂg%%%al(%%lh’rﬁéeﬁgi eﬁ{)?u%(glgmhﬁ%é? Wﬁg(ﬁg%loi%g%r%f'
and CLC1 ar elrevatuanhkaiimenertht cparimgx yitee a¢i6 0mtluldes r malan&iotta tacide (azelaic
Stability of r Lubricants Test (.based on, ASTM Mt ho 704)., .The,
resul ts obt aﬁ%gﬁ i hﬂi% Sn‘ﬁ’ﬂg’tm%EF he KX ,XYMF%?IdaW&m&F%%HeQIOF? #ad
i ncrease in kB98I 4AddPVerhkhieadit et ERBoLflic tdeed Lfﬁﬁ@t%oriﬁsgmta)ss aﬁfayt be
20 % to about 44 % at about 100C. The CLCl axle fluid increases in

vi scosi ty ovéglivered By eaterosnadf as dimetiey-adipasst dimetby ananedivaist (Axsbane),

100 C. [00162 h |l e fl.uid Fl F F3,. F4,. CLCLl ar
eval uat [ed fo%llme%%ﬁuﬁ(eggn% gégtggé%%égc%tﬁﬁéf#ﬁggxbwl%%’ Cﬂlremt 6‘8?%%&“6

Headspace An@kyisid, dibfeyli decanédibd (@itithySioddcAg), | @nhideaiek UTeRo or more
(Tekni ar(r) HT3 Headspace Autosanpler, a Gas chronmat ograph equi pped
with a Agil eh€re9d73N MSD det ect or at about 250C (split ratio: of

about 5:1, ¢ i f 0] ¢ an ut
fong. b 5vs (OETRL oA R Sl findipotle urfedl tpilkler SUIERAN S hifliren
t enper at ur e thickieher fi@adsiphy ecinjrectiiareypedtes ivdtimamiiad tvetbrat (Hhddiurea

200C and the vjals a{fg gqui | ibrated for a}gout 30 mnutes prior to
anal ysi ng t hsé“’baé‘sp dheTRachrn| ppdsst uele methylspendusecate g toluene

tenperature g hetef Lo Lah®nBimihe I 45 €51B3 8 nRebs LS, abou
1.0 M/ mn. Tﬁ(gc%c- teerrper at ur(I=,=1 prPogr S{r}na?sasfsr’om a tlgl?}p{)al; gp&l%ﬁbﬁa@%u?
50C (2 min ipdylenannich, ag diesrengtiby @modutt 45 Giathylenatdilsoeyrmate 38Q6luane

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
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Lubricating Conpositions 5-8 [00164] Lubricating compositions 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

ti t and int di 200 .. [ 001651

Corpar at i ve o, PR R es USRS B Dol ertedt pePReyine(iey ikeses per

transm ssi omblebild, PEigParRMy s RN ﬂ)ﬂﬂgd%}b%ﬁﬁzﬁig theaR@bhmOs A0 o W
e

% the product of Conventional Preparative Exanple 1. The automatic

t ransm ssi odow mpgsulan gt astrhsvdnay acegisraceth of AR NENMNIG LR combination
di spersant, f..cli . fi ynet hacryl ate viscosity nodifier,
phosphor us a“fﬁltwll &%@ﬁpeéggﬁt“ia‘%‘ég%&g%ur poi nt di spersant (200 ppn).

Aut omat i ¢ Triaass6]ssThe gheskScordfiib&] nidie fath@nBimpridd ans BrSEbMN metal
fluids ATF1l, ATF2, ATF3, ATF4 and CLC2 are eval uated using ASTM
Met hod D130 deaepeerse ARtidsIns, antivegss ggentsorust srhibitersy visyosiymaotdiess,

Mercon(r)V 45hakde @%@%ur&?%ﬁané' @9 ée%EﬁB&beBQed??ﬁéS}gg@?%%%t%%( %P%&O{e

The 4-ball wear te S rired out twce an S presente
are an aver ag@ewfar scar of the two tests. [00167] The ASTM Met hod

D130 copper ratings,for results obtained for ATF1 and CLC2 fluids are
1 A and 2C r@&ﬁé@—&-ﬁ@wﬁe 4-bal | wear test data for ATF1 and CLC2
are both 0.4601am) [P0 63y oraht ihbaRSH herhnNdCRbLGIAHRL al PRicty of

sul phur-free am ne salt of the invention provides an automatic
transmi ssi onlrfvieling deivides aocegptsbkppliwdionper Tor deivebBnandvicedeeetises at
copper corrqgsion compared with.a simlar autonptic transni ssion. fluid
QL. G easdSehApBiitd BRL: & 496 ae FIA bRk &t 0% (AT BegrBRSion. an
conposi ti on aufdskdiic inSnpheRdnedr GOfaALAl RAnSnkeioMRl 1ANEHNem®bdiment the
phosphorus antiwear agent (simlar to the product of Conventi onal

Prepar at i ve dE5VgHPF deviCe dea BENBRIAIHISEUEION PO BPY] 2@eatE, eoipaslcEcans
1-4 (R, Gﬁ*&m #pd %@%nafic t e s RYSIH Or?nélpd@sr eBé‘ﬁt?&du@%f Tafthb R
way to the conparative ITthiumgrease conposition, except the

phosphor us armmsmeionagdAV Bpidietdly svideblpr odushisefonPr €At iMogroidal

Exanples 1 to 4 respectively. ease Conposition Tests [00171] The
gr ease corrpé’éailltsmbﬁﬁé"“@i?lcot"gnéﬂlf% aﬁwmﬁéﬂ@ &P&ivﬁﬁ?‘iddf‘ eén&@%gl

per forni anc%téf)?b@ Quﬁ%TMcwpirﬁﬂﬁﬁiQ%Q%%ﬁapgﬁl@c% RRriRa68s (%@ﬁ].r esults

i ndi cate that "the grease conposition of the invention an e

conpar at i ve [0t e ompeskmbodinkan ethei miteatiopepforndmnder ithe tise bésths.
lubricating composition disclosed herein in gears and transmissions to impart at
least one of antiwear performance, extreme pressure performance, acceptable
deposit control, acceptable oxidation stability and reduced odour.
[00150] The following examples provide illustrations of the invention. These
examples are non-exhaustive and are not intended to limit the scope of the
invention.
EXAMPLES
Preparative Example 1

[00151] Step A: Phosphorus pentoxide (219 g, about 1.54 mol) is 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
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[00172] It is known that sonme of the materials described above may
interact in the final fornmulation, so that the conponents of the
final formulation my be different fromthose that are initially
added. The products forned thereby, including the products forned
upon enpl oying | ubricant conposition of the present invention in its
i ntended use, may not be susceptible of easy description.

et uded w Pt B SCRBRR. drieiBd R as BRE vk oA DELRE i bk dicates a

i nvention en@ﬁa@ﬁl@s@scdnlﬂé}{tloqagbmcpmpqscl%| on prepared by adm xi ng the
conmponents descri bed above. [00173] While the i nvention has been

expl ai ned i n[QEISA i o¥ep B:idtstepmerasirecef Aoibdldm ask q;ontgmmg the product
e stoos gt oy, LA A SIRGATR BP0

those skille upon~r ea

it is to be gnaelstiega hhats-40X) meaatwan djbt%ﬁih@@rﬁétriﬂ:eirﬁbiﬁhtlcﬁ'propylene
i ntended to cover such nodifications as fall within the scope of the
appended cl aP¥le (abputt 15737 & abawlg2i7d . mol) dropwise wia|aghgddiden mgpnel. The

conposi tion 5%@/%11%' t 0 a&’dé 9ver|¥?éﬂ1&cﬁ5lfggmyat B luE's%/ ?%Qﬂla% mlxt

sul phur-free er (1 ydr oxy- subs
of 5phosphor iTae amlde,re 0% tHeini bea&cbﬂmo’s(ﬁﬁbmd hdlé dohyblsay heus l‘Ii‘Heqiredual is
or tri- ester The | ubrica

conposi tion 6%° E‘fl alt} Sfro‘{fr)r?épgg]:?pt%@%ﬂlpﬂi‘ﬁﬁﬁhoﬂl‘“e%o%ﬁ?tdﬁcaé’ ?9 Btptor ses

a hydr oxy- supgjjistut eehrolicd Of i Sh AR a hen
hydr oxy- subsfm{ll?t?’gd%gfﬂl%r trlr-0 ecs:t(glﬁ)§ P pfgosphog(réllgjg 29?‘]1'}@8139%‘5@& Bl
| ubri cating ¥ainSesi tSl logutat te BATChuhdemngregen arfepbedpbhurs- pMemdm(méQ g,

salt is repr §3TH8 ad:(f%dngﬁl ?oug‘le)quaf po?tmns ove(r a?f)out oner%lour. E)}erg%e
addition the temperature is maintained between the range of about 55°C to
about 70°C, whilst vigorously stirring to provide a product that is a
homogeneous solid. The temperature is raised to about 80°C; and held for
about 3 hours, to form a product. Upon cooling the product contains 13.7 wt %
of phosphorus.
[00154] Step D: The product of Step C (about 706.7 g, about 2.24 mol) is
heated to about 45°C in a nitrogen atmosphere in a flask. Bis-(2-
ethylhexyl)amine (about 596 g, about 2.47 mol) is added dropwise via an
addition funnel over a period of about 2 hours whilst controlling the
temperature to be about 55°C to about 60°C. The flask is then heated to about
75°C and held there for about 2 hours. Upon cooling the product of Step D is
light orange and has a phosphorus content of 7.7 wt %.
Preparative Example 2
[00155] Preparative Example 2 is prepared employing a similar procedure as
Step A and Step B of Preparative Example 1. However, for Step A, a
stoichiometric amount of propylene oxide (209 g, 3.60 mol) is added to isooctyl
phosphate acid (about 952 g, about 3.43 mol). The mixture is then heated to
about 75°C for 4 hours. The resultant product of Step A has a phosphorus
content of about 9.65 wt %. For Step B, the product of Step A (about 208 g,
about 0.374 mol) is heated in the flask and bis-(2-ethylhexyl)amine (about 97.5
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g, about 0.404 mol} 1s added dropwise via an addition funnel over a period of
about 40 minutes. The reaction temperature is then raised to about 75 °C and
held for about 5 hours. The resultant product has a phosphorus content of
about 6.6 wt %.

Preparative Example 3

[00156] Preparative Example 3 is prepared in a similar procedure as
Preparative Example 1. However, step A of Preparative Example 3 reacts
phosphorus pentoxide (about 189 g, about 1.33 mol), methylamyl alcohol
(about 408 g, about 4 mol). The phosphorus pentoxide is added over a period
of about 75 minutes and at a temperature of about 60°C. The product is then
heated to about 70°C and held for about 1.5 hours. The resultant product has a
phosphorus content of about 13.7 wt %. Step B is carried out by reacting the
product of Step A (171.7 g, 0.719 mol based on equivalent weight of 240
g/mol), with about 1.1 equivalents of propylene oxide (about 46.0 g, about
0.791 mol). The resultant product has a phosphorus content of about 10.96 wt
%. Step C is carried out by heating the product of Step B (about 200 g, about
0.71 mol) at about 60°C under a nitrogen atmosphere and reacting with
phosphorus pentoxide (about 33 g, about 0.23 mol). The reaction exotherm
reaches about 87°C. Upon cooling to about 65°C, the flask is held at this
temperature for about 1.5 hours. The flask is then cooled to about 40°C
followed by the dropwise addition over a period of about 1.5 hours of bis-(2-
ethylhexyl)amine (about 200 g, about 0.83 mol). The flask is then heated to
about 75°C and held for about 2 hours. The product has a phosphorus content
of about 8.6 wt %, and a nifrogen content of about 2.8 wt %.

Preparative Example 4

[00157] The process to prepare Preparative Example 4 is similar to that of
Preparative Example 2. However, for Step A, the flask contains methylamyl
phosphate acid (about 154.4 g, about 0.647 mol) and at about 25°C, under a
nitrogen atmosphere, 1,2-epoxyhexadecane (about 163.0 g, about 0.679 mol) is
added dropwise via an addition funnel over a period of about 1.5 hours. The
mixture is then heated to about 75°C and held there for about 4 hours. The

product has a phosphorus content of about 6.7 wt %. The product of Step A is
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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
of about 1.5 hours. The temperature was held at about 75°C for about 1.5
hours. The product is then heated to about 40°C under nitrogen and bis-(2-
ethylhexyl)amine (about 144.8 g, about 0.596 mol) was added dropwise via
addition funnel over 1.5 hours. The temperature is then increased to about
70°C 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 wt %.
Lubricating Compositions 1-4

[00158] Lubricating compositions 1-4 are axle fluids (AXF1, AXF2, AXF3

and AXF4) are prepared by blending into base oil, the product of Preparative
Examples 1 to 4 respectively 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).

[00159] Comparative Lubricating Composition 1 (CLC1): is an axle fluid

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 AXF1, AXF2, AXF3, AXF4, and CLC]1 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 AXFI,
AXF2, AXF3, and AXF4 axle fluids increase in viscosity over the duration of
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the L60-1 test by about 20 % to about 44 % at about 100°C. The CLCI1 axle
fluid increases in viscosity over the duration of the L60-1 test by about 43 % at
about 100 °C.

[00162] The axle fluids AXF1, AXF2, AXF3, AXF4, and CLC1 are evaluated
for evolution of gaseous sulphides by Gas Chromatography Headspace
Analysis. The is carried out using Agilent Equipment (Tekmar® HT3 Headspace
Autosampler, a Gas chromatograph equipped with a Agilent 5973N MSD detector at
about 250°C (split ratio: of about 5:1, column Helium flow of about 1.0 ml/ min)
and about 30 m long DB-5MS column and 0.25um thickness of stationary phase).
The temperature of the headspace injection port is maintained at about 200°C and
the vials are equilibrated for about 30 minutes prior to analysing the gas phase. The
vial pressure is dependent on the temperature and the flow rate of the mobile phase
(helium) is about 1.0 ml/min. The GC-temperature program is from a temperature
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, AXF2, AXF3, and AXF4 axle fluids do not evolve
gaseous sulphides. The CLC1 axle filuid 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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Lubricating Compositions 53-8

[00164] Lubricating 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, ATF4 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 transmission 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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Foiiula (la) wherein 5A and A are independently H, or a hydrocarbyl
group contai ning about 1 to about 30 carbon atons; each R and R’
group are independently a hydrocarbyl group; each R is independently
R, H, or a hydroxyal kyl group; Y is independently R, or a
group represented by RO(R 0)P(0)- 10 CH(A ) CH(A) -; X ranges
fromabout 0 to about 1, with the proviso that when x = 0, R is a

hydr oxyal kylco%p%lélf?fon?ggcept the phosphorus antiwear agent employed is the product of
Preparative Examples 1 to 4 respectively.
Grease Composition Tests
[00171] The grease compositions GR1 to GR4, and CGC1 are evaluated for
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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mand n are both positive non-zero integers, with the proviso that
the sumof (mtn) is equal to about 4; 15Mis a netal ion; t is an

i nteger varying fromabout 1 to about 4; and g and e are
fractions, whose total provides conplete valence to satisfy t, with
the proviso that q is in the range of about 0.1 to about 1.5, and e
is in the range of about O to about 0.9. 204.The lubricating
conposition of claim1, wherein the amne salt of a phosphorus
conmpound represented by Fornmula (1 a) is represented by Formula (la):
Formul a (| a) wikgriechimed is: A and A" are independently H or a
hydr ocar byl group containing about 1 to 5 about 30 carbon atons; each
R and R' group aré-i ndéplhresiingcompagition campysingraup] oblibricaing dscosity;

i ndependent | S : -oxy.ai k ups Y i s lndependent |y
R, or a gr oé?)a?raeE@lgggrnﬁ%%%g%?fﬁ&lsﬁ?&@ aClt—’i( %&fg?ﬁtlﬂigxd}r §ﬁt§550f
from abous Ophasphbaeitacitl, owi(tih at figsplicryiatd hfrbxyaeatitited Bi- R tri-Sester of

hydr oxyal kyl group;. an
phosphoric acid.

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

amine salt comprises a hydroxy-substituted di-ester of phosphoric acid of a
phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid.

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

amine salt is represented by Formula (1) or Formula (1a):

Formula (1)
15 Or
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mand n are both positive non-zero integers, with the proviso that
the sumof (mtn) is equal to about 4. 5.The lubricating conposition
of claim3, wherein x is about 1. 156. The | ubricating conposition of
claim 3, wherein x is about O. 7. The lubricating conposition
of claim3, wherein mis equal to about 3; and n is equal to about 1.
8. The lubricating conposition of claim3, wherein A and A

i ndependently contai n about 2—to about 4 carbon-atons. 209. The
| ubricating conposition of cliaim3, ,wherein R R and R' al
i ndependently contain aboutd 4 to abowf 20 carbgn [atons. 10. The
| ubricati ng conposi?kgn of’clain11 f uryher congpises an
or gano- sul phi de. o—L1L. [The co osi t T & ot mHEQN Rherei n t he
or gano- sul phi de conpri Ses at |l east |one of a pollyqul phide, a
t hi adi azol e conpound, or nﬂxtures tiher eof o |12. The lubricating
conposi tion of claim1 furfher cong¥ises a 5hetatled pol yi sobutyl ene
succi ni m de. 13'R e ljubricating conpositijon of claim1l
further conprises a

X

Formula (1a)

wherein

5 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)-
10 CH(A"CH(A)-;
x ranges from about O 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;
15 M is a metal ion;
t is an integer varying from about 1 to about 4; 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, and e is in the
range of about 0 to about 0.9.
20 4. The lubricating composition of claim 1, wherein the amine salt of a

phosphorus compound represented by Formula (1a) is represented by Formula (1a):
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phosphorus antiwear or extrenme pressure agent, or m xtures thereof.
14. The lubricating conmposition of claim1, wherein the conventional
phosphorus antiwear or extrene pressure agent is selected fromthe
group 10 consisting of non-ionic phosphorus conpound, an am ne salt
of a m xture of nonoal kyl and di al kyl phosphoric acid esters, a netal
di al kyl di t hi ophosphate, a netal dial kyl phosphate, and m xtures

t her eof 15. The lubricating conposition ofl—claim1l further
conprises a friction nodifier.,; 1516. The | ubricatyng conposition of
claim1 further conprising @ grease i ckener. 17. The

| ubricating conpositﬁqg of gl ai [ H grease thickener is
derived from a carboxyhyc _agi —OI[8.H NER"

| ubri cating conposition of ¢l rease 20t hi ckener
is derived from 12-hydroxystiearic acii d. £9.] The lubricating
conposi tion of claim 16, Brein the\grease thickéner is derived an
over based cal ci um sul phaop4t e. 20. TFhe | dbricating
conposition of claim 16, wher¢in the grease

X

Formula (1a}
wherein
A and A' are independently H, or a hydrocarbyl group containing about 1 to
5  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)-;
10 x ranges from about O 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.

5. The lubricating composition of claim 3, wherein x is about 1.
15 6. The Iubricating composition of claim 3, wherein x is about 0.
7. The lubricating composition of claim 3, wherein m is equal to

about 3; and n is equal to about 1.

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

independently contain about 2 to about 4 carbon atoms.

20 9. The lubricating composition of claim 3, wherein R, R’ and R” all

independently contain about 4 to about 20 carbon atoms.

10.  The lubricating composition of claim 1 further comprises an

organo-sulphide.
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t hi ckener is derived froma diurea thickener, a polyurea thickener,
or a polyurea 25 conpl ex thickener or adm xtures of them 21.
A lubricating 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 either (A) or (B)
wherein (A) conprises reacting: (i) a hydroxy-substituted di- ester
of 30 phosphoric .gcid;,.,and (ii)..an oxygen-contai.ni ng i.norganic .
phosphor us conpodﬂd toThef 5?%@3%1“@& 8?0916}1183@ or“(}%er%lgnﬁlb n ,galécﬁau}phlde
reacting theoapirdes aPNASPHSS US 2 GRMRAWIHAN 4 thiadia2dTk R@mpdhnd, or mixtures
wherein (B) conprises reacting a hydroxy-substituted di- ester of 5
phosphori c 4bB¢:@o%i th an amine. 22. A method of lubricating a driveline
devi ce conprising supplying to the driveline device a |ubricating
conposi ti on conprlisi ng’he élalfpflﬂwgf paBpetiioe ealclaigs leifemesr compeses a

hydr oxy- gubsDtUir tﬁégg%’qsio-buﬁaéﬁ%u%girg%g‘%)hori c acid, or (ii) a

phosphoryl at'e Xy-'s ute I~ or ti-i- ester of phosphoric

acid. 1023The net,;hod claim 22, wherei.n the. sul.-phyr-free anine salt
o droxy supdert g kibiMRaffe MORPGHAL N RURTT RS BTLBEAk

fromthe grghpss@es sitivghradrextreme pré&liraigenll] dienSakries eeréofphosphor us
conpound represented by Forrmula (1) or Forrmula (la):

14, The lubricating composition of claim 1, wherein the conventional

phosphorus antiwear or extreme pressure agent is selected from the group

10 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.  The lubricating composition of claim 1 further comprises a

friction modifier.

15 16.  The lubricating composition of claim 1 further comprising a
grease thickener.
17.  The lubricating composition of claim 16, wherein the grease
thickener is derived from a carboxylic acid and/or ester.
18.  The lubricating composition of claim 16, wherein the grease
20 thickener is derived from 12-hydroxystearic acid.
19.  The lubricating composition of claim 16, wherein the grease
thickener is derived an overbased calcium sulphonate.
20.  The lubricating composition of claim 16, wherein the grease
thickener is derived from a diurea thickener, a polyurea thickener, or a polyurea
25  complex thickener or admixtures of them.
21. 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 either (A) or (B):
wherein (A) comprises reacting: (i) a hydroxy-substituted di- ester of

30  phosphoric acid; and (ii) an oxygen-containing inorganic phosphorus compound to
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Formula (1) Formula (1 a) wherein A and A" are

i ndependently H, or a hydrocarbyl group containing about 1 to 5about
30 carbon atons; each R and R' group are independently a hydrocar 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)P(0)-
CH(ADCH( A) -; 10x ranges fromabout O to about 1, with the proviso

t hat wh = 0, R .i. hyd | kyl roup;..an .. m and n
e ot pos et at el pBe AP Bettng, 2of Hokfhfhe aricis posehormetue
(men) is equalithts abaet 4, Mis a netal ion; 15t is an integer

varying fromabout 1 to about 4 (or about 1 to about 2);
or

wherein (B) comprises reacting a hydroxy-substituted di- ester of

5  phosphoric acid with an amine.

22, A method of Iubricating a driveline device comprising supplying to
the driveline device a lubricating composition comprising 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.

10 23 The method of claim 22, wherein the sulphur-free amine salt of a
hydroxy-substituted di- ester of phosphoric acid is selected from the group

consisting of’

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

Formula (1a):

[HuN"R",]q M.

A
e
——
@]
e
L.

15
Formula (1)

Or
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and g and e are fractions, whose total provides conplete

val ence to satisfy t, with the proviso that q is in the range of
about 0.1 to about 1.5, and e is in the range of about O to about
0.9; and 20(c) a sul phur-free amne salt of a hydroxy-substituted di

ester of phosphoric acid. 24. The use of a sul phur-free am ne
salt of a phosphorus conpound, as an antiwear agent suitable for a
| ubricating conposition. — 25. A conpound cegnpri si ng:
Formula (1) A o
0
R\ ” %O_F!——O' n
o T 0 I | H, N'R",
O A /0
/ Y

R|

Formula (1a)
wherein
A and A’ are independently H, or a hydrocarbyl group containing about 1 to
5  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 ROR’O)P(O)-
CH(A"YCH(A)-;
10 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;
M is a metal ion;
15 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, and e is in the

range of about 0 to about 0.9; and

20 (c) a sulphur-free amine salt of a hydroxy-substituted di- ester of phosphoric

acid.

24, The use of a sulphur-free amine salt of a phosphorus compound, as

an antiwear agent suitable for a lubricating composition.

25. A compound comprising:
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wher ei n A and A are independently H, or a hydrocarbyl group
containing about 1 to 5 about 30 carbon atons; each R and R' group
are independently a hydrocarbyl group; each R is independently R H,
or a hydroxyal kyl group; Y is independently R, or a group
represented by ROR 0)P(0)- CH(A )CH(A)-; 10x ranges fromabout 0 to
about 1, with the proviso that when x = 0, R is a hydroxyal kyl

group; and m and n are both positive, non-zero integers,
with the proviso that the sumof (mtn) is equal tp about 4; Mis a
metal ion; 15t is @n integer varying fromabout 1\to about 4 (or
about 1 to about ; and g and e are fractigns, whose total
provi des conpl et efval ence 4o prioviso that g is in
the range of about .1 torﬁ)‘b range of about O

to about 0.9. 2026. The conpo L@L@Jrﬁqh?h\ﬁﬁeo

about 1, e is eqpal t@?btff.ﬂ'

Formula (1)

wherein
A and A' are independently H, or a hydrocarbyl group containing about 1 to
5  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)-;
10 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;
M is a metal ion;
15 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, and e is in the

range of about 0 to about 0.9.

20 26.  The compound of claim 25, wherein t is equal to about 1, e is

equal to about 0, and q is equal to about 1.
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27. A process to prepare a salt of a hydroxy-substituted di- ester of
phosphoric acid conprising: (1) reacting a phosphating agent
(such as P205, P4010, or equivalents thereof) with an al cohol, to
fonn a nono- and/or di- phosphate ester; 5(ii) reacting the a nono-
and/ or di- phosphate ester with an al kyl ene oxide, to forma

hydrpxy-substituted di - ester of phosphoric acid; and (iii)
f:!az:!t 28 i[/vihi(‘.a hhéﬁr ngrs.r@fﬁlyéegsz tpé?ﬁalg 3t e o% pﬂ hy%ﬁb%tlt%(f:ed di-Sester of

phosphoric a01d comprising:
(1) reacting a phosphating agent (such as P,0s, P40y, or equivalents thereof)
with an alcohol, to form a mono- and/or di- phosphate ester;
5 (i1} reacting the a mono- and/or di- phosphate ester with an alkylene oxide,

to form a hydroxy-substituted di- ester of phosphoric acid; and

(iii) salting the hydroxy-substituted di- ester of phosphoric acid is reacted

with an amine and/or metal.
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