1 TITLE Antiwear Conposition and Method of Lubricating Driveline
Devi ce FI ELD OF | NVENTI ON The invention provi des a

| ubricating conposition containing an anti wear 5package. The
invention further relates to a nethod of l|ubricating a nechani cal
device by lubricating the device with the lubricating conposition.
BACKGROUND OF THE | NVENTI ON [ 0001] Lubricants for driveline power
transmtting devices (such as gears or sm ssions), especially
axle fluids, automatic transm ssion ff%@gg?(AIFs), 10 and manual
transm ssi on fl uhdgweMIEshposipiveaadtMbihgh lof Labsikheng Dageline Mrotcgi cal

probl enms and sol utions for sati sf inq}the mul tiple and often

conflicting lubricating requireﬁ%%&QT—ﬂﬁﬁﬁgﬂﬁﬁﬁﬁﬁiding durability and

cl eanliness. One ff, ﬂllagnt'iﬂpgfotv?tfgs aol"ﬁ%?i%ttil% §thJ)§iH8ﬁ]%bﬁ‘tgi1HH%QH'ah{i{w}éar
ness of pho a ssure

is the effective phorus antiwe or extreme pre
addi ti vles atpapkagd. dThegikEnterifoeberwictdiesafops opthat ef juboicettg emeaechdeical

various condjtions of |oad and, speed, er, .many of the phosphorus
antiwear or Xi%ehelupFigaing Reihes itk B RoRcAU B ORaPSitiohe. t o

i ncreasi ng environnent al qg@@ngQOU@hg(ﬁf@gzﬂgﬁigﬁqqghphur in
antiwear or extreme pressuré additives IS becomng I ess desirable. In
addi ti on, ndfP0ljubr Lohticaigs onpisdl trieqresver dranainmiting denvidesdsuchoas gears or
extrene 20pr essur.e.ad()ii tives @vol ve.vol ati] e sul Bhur speci es

n

resul ting i frANTHHRS) aftPSSELeneT I ISy PHisHRAtC MRBYPSROgnHuids (A TFS),

envi r opgrent . aplj00@2hhi! UBLisGAHNY FRAROSNITES))hapidaent hRichOY I 8Rdllenging
bal ance of phosphorus antiwear or extrene pressure additives provides
driveline pdadmaegingniprabilenys devdi sestinng Hoprsetisytyenl the fmeultipte and often

efficiency with.controlled, .deposit. formation. and .gxi dat,i on.,.

stabi 1oy VoRNERE (B anEh Rl el oPhiRT, BRevSS fb@biny  ane
addi tives erptayedsdravend iofi thedimgydretat i pRambabd lihflYendiQf MuBARRS S the
or increase corrosion. |In addition, many phosphorus antiwear or
extreme presdfactvaerss oif phesrhpprcaItlWear SieAiramSuIrpsure additiees slayoyiding
in an pdoro ri: q..G ) . ,

ant el or S HERLO G AARRS el G0 R A R BRI ROR Wi speca.
di scl osi ng dfdwwear medsmostthy plicptossussiededrebovxtfef03ddSuiRatdditives
5,338,470 discloses_alkylated citric acid. derivatives obtained as a
reaction prddBAn SRR T i Puadp dNEiTasas AVKIMEnEd HOMCES a fishBIesqilfs ob

al kyl ated cidf.d i i@t i tiwe: . i
and fricti Ons‘iﬂ Héllr? ?e%t%(&)\g?l] éﬁ¥%}ﬂ%glt%tglgﬂlﬁg4%d§gﬂ7\%82%rbﬁ g%nlhlggéssa&g%ble'

tartrim des lnsedditions meddi tubviesting compositiansr teaainsn@rdtifveet o1rf ortreme
effectjye r eq'léscsh;*g gdéirt]iv%gue%%iveaeo a{i[é cs:WBII %Qr %Sec\ﬁgé Ires% ti15i qf?ra?lvg our}t ali
fuel etonomf P P 18
potential detriment to health and the environment.
[0602] A lubricating composition having the correct balance of phosphorus
antiwear or extreme pressure additives provides driveline power transmitting
devices with prolonged life and efficiency with controlled deposit formation
25 and oxidation stability. However, many of the antiwear or extreme pressure
additives employed have limited oxidative stability, form deposits, or increase
corrosion. In addition, many phosphorus antiwear or extreme pressure
additives typically contain sulphur, which results in an odorous lubricating
composition containing the phosphorus antiwear or extreme pressure additives.
30 A number of references disclosing antiwear chemistry are discussed below.

[0003] US Patent 5,338,470 discloses alkylated citric acid derivatives

obtained as a reaction product of citric acid and an alkyl alcohol or amine. The



[ 0005] U. S. Patent 4,952,328 discloses lubricating oil conpositions
for internal combustion engines, conpriging (A oil of lubricating
viscosity, (B) a carboxylic derivative produced by reacting a
succinic acylating agent with certain amnes, and (C) a basic al kal
netal salt of sul phonic or carboxylic acid. 10 [0006] U.S. Patent
4,326,972 discloses lubricant conpositions for inproving fuel econony
of internalzﬁ %étLgn engi nes. ..The cg§$ si.tion inﬁludes atag%c'fic
sul phuri sed ToHPSSi P1Eh (0SB BN s BECEYC G §' AATHSRY FHE 5ty dﬁ“cé’t?&
a basi c al kahbdifet.al sul phonate. [0007]U. S. Patent Application

60/ 862534 (PCT/ U5071082057) discloses 15nmal onate esters suitable as
anti wear agdfP®4] [ 0008 Paicet Fad37oWa) dpghisee dnitomidee podsl egagdyives in
i el oses yiRbHEAR ng AOLE! ALGHINIE U EALPRIULG ABHCE-ARG, WOk Yo,
pol year boxyl'rc acid esters in conmbination w osphorus-contal ni ng
addi ti ves. Therphasqhon tisel @oat@hni ng addi tives include zinc

dihydrocarbyldithiogpos hat es and/ or neutr al phpsPhorus 20conpounds,
such as trill8095h pHezphateat o917 phet§t piss PREICating ottt @mprseions for

| ubricants i i I We 0 . ek '

publ i cat i on DEr0ae R e RS LREPERRE Ty GHIA bR ERAZLISRRY. (B) «
| ow ash | ubrdacandylicodgrositivieoprodacddaibyi regeang ar tnatigicesdy@atingrgant deéth
having 1 to 150, carpon ato per . ester or amde group, The | ubrjcant
25conposi ti FETAE ARinegAnd (Ecs)ra hagks ?li%lf i“?“Féala'ﬁgﬁtithsém%ﬁplcc?fn%ﬂ}é‘f’iyéﬁ acid.
engi neyo SUMBRYGIOF THE | BMENT! QN[00 10010854 VR RES OLohBSTEILS for
i nvention have di scovered that a lubricating conposition ahd nethod
as di scl osednipereig fusl capabhe of inperoel dompusicoephginee | Ehel®mpbsaion

| east one of. (i) sul phur. (typically reducing,or preventjng_.em Ssions
301 T om et 4015 H aBrotie sl RuES b Ho PN RGPy BY GHET e BV
L‘ﬁe:or§322?{?‘;”°ﬂ)§“@%"‘“‘k“ nkotalOl Slfna@N control (typically reducing
[%007] U.S. Patent Application 60/862534 (PCT/US07/082057) discloses
15 malonate esters suitable as antiwear agents.
[0008] International Publication WO 2005/087904 discloses lubricants
containing hydroxy carboxylic acid and hydroxy polycarboxylic acid esters in
combination with phosphorus-containing additives. The phosphorus-containing
additives include zinc dihydrocarbyldithiophosphates and/or neutral phosphorus
20 compounds, such as trilauryl phosphate or triphenylphosphorothionate. The
lubricants are useful in engine lubricants.
[0009] International Publication WO 2006/044411 discloses a low-sulphur,
low-phosphorus, low-ash lubricant composition containing a tartrate ester, or
amide having 1 to 150 carbon atoms per ester or amide group. The lubricant

25 composition is suitable for lubricating an internal combustion engine.

SUMMARY OF THE INVENTION

{0010] The inventors of the this invention have discovered that a lubricating
composition and method as disclosed herein is capable of providing acceptable
levels of at least one of (i) sulphur (typically reducing or preventing emissions
30 from waste oil), (11) fuel economy/efficiency (typically improving fuel

economy/efficiency), (iil) oxidation control (typically reducing or preventing



oxidation), (iv) friction performance, (v) wear and/or extrene
pressure performance (typically reducing or preventing), and (vi)
deposit control. [0011]In one enbodi nent the invention provides a

| ubricating conposition conprising an oil of lubricating viscosity
and an antiwear package, wherein the 5antiwear package conprises: (a)
a derivative of a hydroxycarboxylic acid; and (b) an am ne or netal

salt of a phgsphorus ¢ erein the | .sal1 contains .
nono-valentcﬁ% %FHkSu ﬁﬁgg%gg iﬁ%ﬁgﬁ?ﬁﬁ?u VgE&%S a%giﬂ%j?&%ﬁgﬁiﬁﬁﬁum
one enbodi MesdfdriRntOUSPick DN rethRvi desprventhid)catd 0g) egrpeasiohtron
10conprising an oil of lubricating viscosity and an antiwear package,
wher ei n t he @8t wealn pae kEYedbpeRrthe daventign raoHdes pdubrjeatge gmposition
hydr oxycar bo €.acld: - 1 salit. .0 u o
compound (mgﬁllff{rgscl)ﬁ%gg P g?de}ﬂ Pélgz%tg%a@g%dr%ﬁgs deasn sgnstgv(%mg)? w%hg’éaﬁ or lt}ée
conmpounsl) . 1hitidb3pheka@aeoripbzdi:ment the invention provides a

| ubricating conposition conprising an oil of lubricating viscosity
and an antiwear pacRAGEYalHerel RYFRSYSHPPREM 2fackithe conprises: (a)

a derivative of 8@2)4%%&@ 159{?%%11&@%1}%%@3?95( §c§?%%c%ﬂd?xﬂﬁé}81n% ARtabalt

salt of a phosphorus conpoun I's elt
20hydr oxy- subst i t ut echtdins a@sinervabdnt (el ¢uyeh as pdrbninclithéin pr potagsivm). a

phosphor yl at hydroxy-substituted di- or tri- ester of . »
(t hi o) phospr@ﬁ}%} actyong @s%ﬂ}hmﬁltdha IRYROGAPRERYLOER @ IHPRjeAtineorpmposition

providegs a | 6t d L FRY il ri i
Ul scostty | UpEieatd AY oROSTRSH; L PIOBB SdhrAihifdar Yokl iRt

a I wear package,” wherei'n the antiwear package
conpri ses: 2b6iacaapacagewsarpregent whi ch may be represented by a

compound of  For nu(laj,ia(dle%%ag\rflgépg h%fél%)ngcarg&z)r/lilijcl‘, gci&;laﬂd 4 RiLY
(b) an amine salt of a phosphorus compound (may also be referred to as an
ashless salt of a phosphorus compound).

15 [0013] In one embodiment the invention provides a lubricating composition
comprising an oil of lubricating viscosity and an antiwear package, wherein the
antiwear package comprises:

(a) a derivative of a hydroxycarboxylic acid; and
(b) an amine or metal salt of a phosphorus compound that is either (i) a
20 hydroxy-substituted di- ester of (thio)phosphoric acid, or (ii) a
phosphorylated hydroxy-substituted di- or tri- ester of (thio)phosphoric acid.
[0014] In one embodiment the invention provides a lubricating composition
comprising an oil of lubricating viscosity and an antiwear package, wherein the
antiwear package comprises:
25 (a) an antiwear agent which may be represented by a compound of

Formula (1a) and/or (1b):
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(X)n Formula (IDb) wherein 5n" is 0 to 10 for

Formula (Ib), and 1 to 10 for Fornula (I9); pis 1 to 5;
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Formula (1b)
wherein

n’ is 0 to 10 for Formula (1b), and 1 to 10 for Formula (1a);

pis1to5;

Y and Y’ are independently -O-, >NH, >NR?, or an imide group formed
by taking together both Y and Y’ groups in (1b) or two Y groups in (1a) and
forming a R'-N< group between two >C=0 groups;

X is independently -CH,-, >CHR? or >CR4R5, >CHOR6, or >C(CO?_R6)2,
-CHs, -CH,R* or CHR'R®, -CH,0R’, or -CH(CO,R®),, =C-R® (where =equals
three valences, and may only apply to Formula (la)) or mixtures thereof to
fulfill the valence of Formula (la) and/or (1b) (typically the compound of
Formula (la) or (l1b) has at least one X that is hydroxyl-containing (i.e.,
>CHORS, wherein R® is hydrogen));

R' and R? are independently hydrocarbyl groups, typically containing 1
to 150 carbon atoms;

R? is a hydrocarbyl group;

R* and R® are independently keto-containing groups (such as acyl
groups), ester groups or hydrocarbyl groups; and

R® is independently hydrogen or a hydrocarbyl group, typically
containing 1 to 150 carbon atoms; and

(b) an amine or metal salt of a phosphorus compound that may be either (i) a

hydroxy-substituted di- ester of (thio)phosphoric acid, or (il) a
phosphorylated hydroxy-substituted di- or tri- ester of (thio)phosphoric
acid.
[0015] When X is hydroxyl-containing, the compound Formula (1a) and/or
(1b) may be derived from hydroxycarboxylic acids such as tartaric acid, citric

acid, or mixtures thereof.



Y and Y' are independently -0-, >NH, >NR3, or an imde group forned
by taking together both Y and Y groups 3n (Ib) or two Y groups in
(la) and formng a RI-N< group between two >C=0 groups; 10X is

i ndependent | y>CHR4 or >CR4115, >CHOR6, or >C(CO2R6)2, -CH3, -CH/R4 or
CHRAR5, -CH20R6, or -CH(CQ2126)2, (where =equals three val ences, and
may only apply to Formula (la)) or nixtures thereof to fulfill the

val ence of | a d/ or he co

Formila (1 a)[%f%iu b)% g 2051 ot bt Bt Bt %&PB&PyFﬁH;gFr??Ia“F%E} g
(i.e., 15>CHERRr MWHr giay B d&iveMdre@enhilonic acid, 1(2;lalﬁzndc132 duf@ophenyl
|ndependently hydr ocar byl groups typlcally contalnlng 1 to 150

car bon atonBHﬂR@Cﬂﬁdamﬁyéﬁ@@afﬁyw .gr oup; R4 and R5 are
i nde endent t o- ont ni.n
P {gﬁ HOTh embogmge LR 11§veH€£1 %%c)v%: %'EJF%)% )IHb Eéattlﬁé a

groups or arby} gF oups,; and S )

or a hysr OC&ﬁ"b?Jéhn@deR}e Emﬁpﬁahgysxq:@mlﬂg NioNghel drﬁ'eﬂ,ﬁé) db&td@oa athoiesting
and (b) an am ne or netal salt of phosphorus conpound that may be
either (i) fomposition compnslno aﬁyqj} gf(ylbgmggpg vigcesitypod agapfiwgar package,

t hi h . d
i o) PO e PRl antlcd ablc A BANBRENOL HoHrto AT ikt RED At
hydr oxyl - cor{tia) (usn@finbaebcmmdrwlplﬁmpnum dolnpunddraxafiph, anphysiimrus
deri ved fron1 dr oxycar boxylic aclds such as tartaric acid,

acid, or Risan Pﬁé‘?letBFWO%OI[ O EIy i Oxﬂil%saflﬁo?f %y%ﬁtwwreﬁ%mﬁi%?%
t he COﬁpounqhgghgﬁh@H%%%%n dqgoﬁjghmﬂgy be derived from nmal onic

aci d, oxal enyl malonic acid, or mixtures thereof.
[0017]In ondO&ﬁﬂodinenhebh&odnﬂ@nﬁhemnnmgmnQstdemPHHHMGﬁm@cmnmomUOn

lubricating a 5 diiveli eV|ce conpri sing .supplying to the .
driveline deryEISy ?J‘E)Pﬁ RN e L 11%’%?1"3 P&%‘%’iel wherein the
IubrlcatlngEﬂﬁ§ﬁﬁ§b5Mm%qu§%r@gglmear package, wherein the antiwear
package conprises a conpound of Forrmula (la) and/or (lb) (as defined

above) and a phodphar ugertampysundf (for haxasicerbaxyphosptidr usviseia ofhe
an estfg t hereof or,a,salt er an ester thereof).
y

Typi ca 10t he phoSpHOFYERr BE%Bhﬂﬂgl%&BaﬁcgﬁFhﬁFg [0018] I n one

enbodi ment the i nueak iAAnPPhEESsAt bBRMpieaphdiGs coOMpOSid RN may be (i) a
conprising an oil of lubricating viscosity and an_ antiwear 5acka

wherein the antlmeahﬁﬁ@@kﬁ@@ﬁéﬁﬁ%rﬁsegﬁm of Ghmhﬂwﬂﬂm%ﬁ gl eﬂ$vgﬂi6b
f hyd b ot
?ar?ar?crgéyg?ragéy%%%mﬁ&yﬂﬁ“Mﬁﬁhgkﬂgﬁnﬁ“ég??p0 X%FQ3BP%%6rug3ﬁkBMM&

an-’am ne’ or osp
conpound that may becifi) a hydroxy-substituted di- ester of

™ RTEBRS S1 of ofbsonl BERTA oA B

the derivat '1}{91%1d9f1mnyeg'ai)—)é?/t‘éﬁr, Qp-@ﬁlldé%, 8GkAamide derivatives of tartaric acid.

[0020] In different embodiments the lubricating compositions disclosed
herein contain 0 ppm to 500 ppm, or 5 ppm to 300 ppm, or 20 ppm to 250 ppm
of molybdenum.

25 [0021} In one embodiment the invention provides a method for lubricating a
mechanical device (typically a driveline device) comprising supplying to the
mechanical a device a lubricating composition as disclosed herein.

[0022] In one embodiment the invention provides a method for lubricating a
driveline device comprising supplying to the mechanical a device a lubricating

30 composition comprising an oil of lubricating viscosity and an antiwear package,

wherein the antiwear package comprises:



include imde, di-esters, di-am des, ester-am de derivatives of
tartaric acid. [0020]In different enbodithents the |ubricating

conposi tions disclosed herein contain O ppmto 500 ppm or 5 ppmto
300 ppm or 20 ppmto 250 ppm of nol ybdenum 25[0021]In one

enbodi ment the invention provides a nethod for lubricating a
mechani cal device (typically a driveline device) conpri sing supplying
to the nmechanical a deyice a |ubgicat S|t|on as, disclo

herein. [0022]In @hé e%ﬁBﬁiﬁ@nt hé |h¥g n§TBF6@?dé§“5 nBP yfolj1e

lubricating a drhy@Job;g@argsxyl@cea&@rrpfalltsme@hcﬁyraahyl ng to the
nmechani cal a device a ricating 30conposition conprising an oil of
| ubricating viscd$) aypaspharusaneinpeianrd ;i@mg@éf shemeing arhexctat salieat a

yni cal 1 the nyar oRyeiaf Pl ot oot B WLE B By et o

phosphos us conpound ity Rifcﬁhiogphc@ﬁh(ﬁfm R@idor oﬁf{hﬁla SgHokpiRfryidted hydroxy-
phosphorus conpound t hat may be either (|) a hydr oxy- subs%’ltute di -

Sester of (thio)phospssnited dicputri-getey ¢f Fhigphpspbhptio egidht ed hydroxy-
substi tuted or r.of (thi.o aci d

| ubricating @b%ﬂ03|%pggg§ ?%c ¢ %?%ﬁ% HEQS(%@gfllgﬁp’hﬁwaa ﬂﬁ%ﬁi
of greater tdeaker o8 gréatdfthen 0B ﬂft W, 0P wh MWito FowTs, Or 5. IMvt % 1003 Fvt Wk,
% 0.8 w %to 2.5w % or 1 w %to 2 W 9% of the | ubricating
conposi ti on.0-§0¥°6624]5 Wh % letbodioneit ¥ REthenvbrieatitg gonasiéan.f or
the use, of ric

provi drhg adtiapi & pRYeREvBARS} PR habRAIRINIELR: ek ubricating

em ssi ons, (aoln)posulqahatr dﬁtﬂlossd aein fod providieg ae@spmfryllafdls of enbyst one
(1v) oxi dation control (v) friction performance, (vi) wear and/or

extreme presdurél) pePP@?HJhQﬁ‘&Se (Fyp1ERt:| y(lﬁ)edugélm&”or SRS i rig))  dHedl

15 de | |
Lo09b] Tha’ habhofadftiBlene ) SRR ERMET, B RietbApd BERRLEN D) wear

met hod for |amdforcattiange aresorapedaimaiesi (teiagldirsdicosedr givowamting), and

Typicah#y tgg gm)nical device is a driveline device

(inclu ViR PPt $595 i ssion). 20Anti wear Package [0026] The

anti wear package i ncl uSiesATMBDANES WRAP TRES WS THE Aisehases above.

[ 0027] The anti wear gﬂckage typically includes (i) a derivative of a
aag ik

hydr oxycar bd®92$k d, prgheht( lliwnaobnugpw@ﬁ us lebripgured compprigianl yndair
ashl ess method for lubricating a mechanical device as disclosed above, Typically the
mechanical device is a driveline device (including a gear or transmission).

20 Antiwear Package

[0026] The antiwear package includes two antiwear agents as disclosed

above.

[0027] The antiwear package typically includes (i} a derivative of a

hydroxycarboxylic acid, and (11) a phosphorus compound (typically an ashless
25 phosphorus compound). The phosphorus compound may include an amine or

metal salt of a phosphorus compound that may be either (i) a hydroxy-substituted di-

ester of (thio)phosphoric acid, or (i1) a phosphorylated hydroxy-substituted di- or tri-

ester of (thio)phosphoric acid.

[0028] The antiwear package may be present at 0.01 wt % to 10 wt %, or
30 0.05 wt % to 10 wt %, or 0.05 wt % to 5 wt % of the lubricating composition.

[0029]  The derivative of a hydroxycarboxylic acid (or the antiwear agent

represented by a compound of Formula (1a) and/or (1b)) may be present at



25 phosphorus conpound). The phosphorus conpound nay include an am ne
or netal salt of a phosphorus conmpound that may be either (i) a

hydr oxy-substituted di-ester of (thio)phosphoric acid, or (ii) a
phosphoryl ated hydroxy-substituted di- or triester of

(thi o) phosphoric acid. [0028] The antiwear package may be present at
0.0l wt %to 10 vt % or 300.05 wt %to 10wt % or 0.05 m %to 5 w

% of the lubrjcatin onposi tjon egrivagiye of a
hydr oxycar béi((}(&aéma 9 g“ i > Qﬁt({ &%ﬁ £ %e%régénttoeg‘sbyta{% of the
compound of 1[}9{1@5;[11%5@1@03@%1{ or (Ib)) may be present at 7 0.005 wt %

to 10 wt % or 5w % or 0.25to 2.5 wt % of the
| ubri cating [663plosi Thepho§dose] Tmepphulsphy bapresnpaih80hmy Ybeo pe e\sté(qi

at 0.005 mt % % . or, 0.025 W % or 0. to 2

o6 of the | kA T s dhci 4 oS 20 ol oo Bficaliney amBedig oy i ¢
Acid [9031]hai0nr TR0, AL .2B6xAN Awgiar agent derived from Fornul a
(1 a) and/or Igﬁ includes a derivative of a hydroxycarboxylic acid.
The deri vat i[¢83 aIlh@dﬁcﬁtwlmGRE/Dn@ agtvgar @g@itdéﬂrlvdafrolarfcpr@méa (hray
al so functian cor.rosi.on i h|b|tors fri t|o

e wear  agami 187 e P REFRAAR ST R B Baobuit B "Bl b s
of a hydr oxysrad hegskicaretdidedid adypcagvetdrirh@t iy Belifineivg as rust and
properties. [0032]1In one enbodi nent the derivative of a

hydr oxycar baeylastonaihibitesy, Fectpshmedsliqp, antivers sgsntscand demukefians. |
anount s, gr eat er t

150035 fer v 8IS AR IERRRUOL T MUbR GOTABIRE, (BT Bhio bave
di -esters, diictithdesiifydng pmpd:emtes( appl icable for tetra-acids and

hi gher), ester-am des, esterim des gﬁﬁel icable for tri-acids, and
hi gher, sucHO0832ki t /4 engembedimpitddeAaryative s5m Rydisrecarbexlic acid inmy

and hi gher, ﬁgﬁl}ﬁ (Fbt ’ ocmﬁ%%}am dﬁ‘etglnﬁl sfmemsf%eéte; hen a%lbké’"@?sf ciated

agent inclu | -esters, am des ter-am
[0034] In on&elthmbntdmmmtt ahtwnm)tlwear agent may be derived from at

| east eof car boxyl.i c iddi-ester, .a.hydroxy: I|c
nora ol am 838 ) BelaRte S e aty o 4 OO INIAE] leers
hydr oxy- car Qﬁ%m@s Qﬁhﬂu@e%t(% a&abcﬂ@foﬁehxﬂhemsqu%g@e&ylés,@elaa@mqes ester-
ester-imde, and a hydroxy carboxylic acid i mdeamde. In one

enbodi ment tlh‘ed@n(améaablaéenttnmydswidjLargh@edsu‘chom eitri¢ @alsiﬁ, omide 2Bufles

t he group consi S dr oxy.- ca c..aci d.

hyar oxy- " carBBROi o aS P RERE, 48 b GBS ot T )T Faoiment the
est er - ani de. a1ﬁﬁ%5h§%‘lﬁﬁﬁ&lﬁ&e@fm1@e§ Witcattrs @aﬂﬁdé@b&‘@@ﬂeb@ﬁﬂ@ésc aci d

i ncl udze0 Ci tr[IOC E.CI d

In one embodiment the antiwear agent may be derived from at least
one of a hydroxy-carboxylic acid di-ester, a hydroxy-carboxylic acid di-amide,
a hydroxy-carboxylic acid di-imide, a hydroxy-carboxylic acid ester-amide, a
hydroxy-carboxylic acid ester-imide, and a hydroxy-carboxylic acid imide-
amide. In one embodiment the antiwear agent may be derived from at least one

25 of the group consisting of a hydroxy-carboxylic acid di-ester, a hydroxy-
carboxylic acid di-amide, and a hydroxy-carboxylic acid ester-amide.
[0035] Examples of a suitable a hydroxycarboxylic acid include citric acid,
tartaric acid, malic acid (or hydroxy-succinic acid), lactic acid, oxalic acid,
glycolic acid, hydroxy-propionic acid, hydroxyglutaric acid, or mixtures

30 thereof. In one embodiment the antiwear agent may be derived from tartaric

acid, citric acid, hydroxy-succinic acid, dihydroxy mono-acids, mono-hydroxy



tartaric acid, malic acid (or hydroxy-succinic acid), lactic acid,
oxalic acid, glycolic acid, hydroxy-prod onic acid, hydroxyglutaric
acid, or mxtures 30thereof In one enbodi nent the antiwear agent may
be derived fromtartaric acid, citric acid, hydroxy-succinic acid,

di hydr oxy nono-aci ds, nono-hydroxy 8 diacids, or mxtures thereof.

I n one enbodi nent the antiwear agent includes a conpound derived from
tartaric aciﬁoel. [,0036] USPat e{; Ag I | cati on2005/ 198894d| scl osessui i}gﬁ?lée
hydr oxycar bd®¥§fife AnEisiBeRas, e RBReft 1?)?%%‘3??1@869%10

5 [0037] Ca%qilll nﬁQfe?i%d%Jo%?’%a%émc%id?at ent Publication nunbers
2006/ 0183647 a US- 2006- 0079413; US Patent Application nunber

60/ 867402; a[|ﬂ63&| t ish PButtent 2ApPHcatdsh A, 2@03/198 85l os@sémsm;pl esii@ble
sui tabl e tart ic a ﬁerl tives LOO A.d talfl ed des I galtllon of
ot hods.for. IPREBRRA X IE A TSP ILE O by PERET PRGNS BTGr i o
acid wigh a [mosm]arycaﬂwﬁm imatlitsc] padsi nUdS Patent w3 d22 numbers
[0039] In one enbodi ment the antiwear agent includes imde, di-esters,

di - am des, Mé@lgéﬁﬂﬂe mérlwétﬁ(l@ésoﬁiﬁdrﬂarthlﬁl cPateid. Appbddidin wwaber
nbodi t t t 15
e ent MRS ASETL BN BOULEPEESETAFS st SRRl

10, 0 to 6, t@ftagch@idddeﬁ%ﬁ{?ggrmla (I'b), and for Formula (la) 1 to 4,
or 1to 2; pis to 5 or 1to 2, or 1; 20Y and Y' are |ndependently

-0-, >NH, >N|Q§38br Andeteiled dgrainsionorfivaatheyls tfak preparisgsuiebleartimydes

a0 Y, U8 AL 1082 1 N0 OUBES BN IO GRS B oo
-CH3, -CE1214£2%7022 CHRARG, -CH20R6, or CH(COZR6)2 (where eequal s 25

t hree val ences, and_may only apply to Fornul a {yx/dg m xt ures
thereof to fhﬂP??l i eng gmbiodanent the ramtiivear |ag%z)t iafydsy 1pldsy di-esters, di-

(typically t&%d%?@%‘ﬂ%%ﬁg d%@@ﬁ%e@ O(fé?—i@gé aé b) has at | east one X

that is hydroxyl-’containin erein R6 is hydrogen));
Rl and R2 ar[@0dodepéndert bybbyidrane ahbydntoy ow psgent ypac bkl sepesehi@idnbyng

;t g?rts?l 2034@%‘9@%6&%@%’%& (213;) ag{i{,o%?lbt)oaszd%ﬁng(ri a (])'ve;[ 0 18 carbon
wherein
n'is 0 to 10, 0 to 6, or 0 to 4 for Formula (1b), and for Formula (1a) 1 to
4, 0r1 to 2;
pislto5,orlto2,orl;

20 Y and Y’ are independently -O-, >NH, >NR?, or an imide group formed
by taking together both Y and Y’ groups and forming a R'-N< group between
two >C=0 groups;

X is independently -CHa-, >CHR* or >CR*R®, >CHOR®, or >C(CO,R%),,
-CHj, -CH,R® or CHR'R®, -CH,OR®, or -CH(CO,R®),, =C-R® (where =equals

25 three valences, and may only apply to Formula (1a)) or mixtures thereof to
fulfill the valence of Formula (la) and/or (1b) (typically the compound of
Formula (I1a) or (1b) has at least one X that is hydroxyl-containing (i.e.,
>CHORS, wherein R® is hydrogen));

R! and R? are independently hydrocarbyl groups, typically containing 1

30 to 150, 4 to 30, or 6 to 20, or 10 to 20, or 11 to 18 carbon atoms;

R is a hydrocarbyl group;



9 R4 and R5 are independently keto-containing groups (such as
acyl groups), ester groups or hydrocarby! groups; and R6 is

i ndependently hydrogen or a hydrocarbyl group, typically containing 1
to 150, or 4 to 30 carbon atons. 5[0041]1n one enbodi nent the

di -esters, di-amdes, di-imdes (applicable for tetra-acids and

hi gher), ester-am de, ester-hnide (applicable for tri-acids and

hi gher, such as ci4ri ¢id),.imde-amd appli.cable for tri-acids
and i gher . such s Bt i cithe IFPEalin B R R de BT FPSlh & 2o
conmpound of drapal &stéd @bupdet Rydobibyl bbugBseaRTbodi ment the

di -esters, di-amdes, ester-am de, 18corrpounds may be derived froma

conpound of For mR% i¢] &)depnodantly( Iy)drog@04n] al hydimeadmbodionmt tyeally
conmpound of Fornul a (] b).caont.ai an imde group. The imde group is
typically focror?éadmlﬁ‘ﬁ ]tés?k%rgg ot 6‘38{3??6?9‘?%“9“’%(1 Y' groups and formng a
RI - N< g5 oup [peiyeen]d vhe efab0diicHipge dil 0843 LiNaank:s eMPRsidBE Hpplibsble for
conpound of Formula (| aél and/or (lb) has n, 15 X, and RI, ~and R6
defined as ftolrr@aisls #nd sighetlp caterrniide>crioRanidan@pmicabin doRiriekls and
| ndependent |y pydr ggarbyke o QURS OB LAADG 41100 R0 ALDON AL AN
R6 i s indepentgent 'y "hydrogen or’’a hydrocar yﬁ' group cont ai ni ng 0

30 carbon atsuk.as[@QA4hdin) oo pedhddinagie Yerdtd ffomad @oh@bhnd @f Formula
20[ 0045] I n one enbodi nent the conpound of Fornmula (la) and/or (IDb),
has n, X, Y,(1%) aa@@r rilb). r2 larmerenbedintay the di-epicengli-amides, | esgeraamige,
is >CHORG; Y, ' of h:.- Q- d . i ly
hydr ocar byl Cg??@%ﬁ)%d%g{ﬁ al%n(liérl}lgveg f{ %ﬁ%oco& erqbuglﬁdogﬁo%ﬁ% Fx?aaggfl%g(?/?g?fg).

i ndependent | [p04%dr ofie on©emdobinaérnahe byhpgtiodipf Eonhwiha il Bgcehtiias 30 imide
carbon atons. 25[0Q046] The di-esters, di-amdes, di-imdes (applicahle
I

. 5, . di ,
for tetra- aciBYP-andehitgHergrovRds S rmed: By 1aking &0 gekhss) the abieeds or
tri-acids a | - gLt i L ge-aai (applicable
for tri-aci %O%%Qﬁ%ﬁgﬁggﬁhﬁa?%% ?(?tg%%it%@%r%g]un " of Formul a
(1a) and/ or [00#3] mayn bee pmépdmechtiihe cempbumioAFdincarkidx)ydridéoadiby has n,

(such tartaric_acid),, wth.an, am or al cohql ., opt} ly in,30

t he prgienc 'o?nngkﬁ%_)v\%Pdeg defipeda Ogﬁ’“ésapéls _stP.cE’%ésp %hﬁrr(rl)giﬁo%“élﬁéoﬂlﬁ%
typically has sufihig@Rentanhbamn cat ré sl dlfdihingt heo BOQUITRNRDES, £id
R and/or R2 as defined in Formula’(la) ‘and/or (I'b). 10 [0047]1n one
enbodi nent R sndd@rendentlhbyiegen onddmdrgcarbyleztpup copiagmenédo 30 carbon

hydr ocar byl 9roups. I n one enbodi nent the hydrocarbyl groups nay be
branched. | Ohe enbodi ment t he hydr ocar byl groups may be linear. The

12] and R2 nap4de i neonpemdbemhéditoam@ymikabith @-. and/ or (1 b) by
ei ther an 5am ne or an al cohal. The al cohol includes both nmonohydric

al cohotVand [98¢#5hydfr enaredreimenidbagpmposid obhptantdhe) tHEoRHb) haap,
agent may beX,dir W%ﬁdff{“?ﬁﬂ 3nd R® defined as follows: nis I to 2, X is >CHOR®; Y and

Y’ are both -O-, and R', and R* are independently hydrocarbyl groups
containing 4 to 30 carbon atoms, and R® is independently hydrogen or a
hydrocarbyl group containing 4 to 30 carbon atoms.

25 [0046]  The di-esters, di-amides, di-imides (applicable for tetra-acids and
higher), ester-amide, ester-imide (applicable for tri-acids and higher, such as
citric acid), imide-amide (applicable for tri-acids and higher, such as citric
acid) compounds of Formula (la) and/or (1b) may be prepared by reacting a
dicarboxylic acid (such as tartaric acid), with an amine or alcohol, optionally in

30 the presence of a known esterification catalyst. The amine or alcohol typically

has sufficient carbon atoms to fulfill the requirements of R' and/or R* as

defined in Formula (1a) and/or (1b).



conmpound of Forrmula (lIb). [0049] Exanpl es of a suitable branched

al cohol include 2-ethyl hexanol, 10i sotriilecanol, Guerbet al cohols, or
m xtures thereof. [0050] Exanpl es of a nonohydric al cohol include

met hanol , ethanol, propanol, butanol, pentanol, hexanol, heptanol,
oct anol, nonanol, decanol, undecanol, dodecanol, tridecanol,
tetradecanol, pentadecanol, hexadecanol, heptadecanol oct adecanol ,
nonadecanol osanol , or ures ;here I n one Senhodi nt the
monohydr i c 4oBfior  Boring: DB timeraoR Hdo atoits ¢ [laémqﬂflﬁ%ﬂgﬁema or
 ncl udes e tifghciRaRARKAN I Gerh FONR! oS bR U1 FydtbeaBol eroups may
Exanpl es of a suitable polyhydric al cohol 1 nclude ethyl ene grycol,
propyl ene gll;pcbxiapclleds but)yd: enﬂ)oginy@ttlthe hy8rdvathyl esreupd yeplbe linear. The

1, 5- pent i ol di ol |, itol, .
pent aor vt hr 1 o 0F REBTYY dhsst biaine 165 drGRISA 8) fedee (! BBy guther an
met hyl g4 ucosigige & affi NESKAS RS @%héﬂn ugﬂﬁd&”t%@@l' PR iNee m&dm}'ddﬂdc

al cohol may be used in a mxture along with a nonohydric al cohol
Typi cal |y, imelgushiceleddbi nati on the m)nohydrl ¢ al cohol constitut es

at | east 60 cent, ast 90.nol e ercent

100551 1 ond OBk Hertie; REbaRtm oS aie, ot Crag ERL RV BbARsh Hoi &

tartaric 25 @qm;bun'drm;to@m@rm@) acid used for prepari ng the tartrates

of the invention rraﬁ be comercially available (for instance obtained
X

from Sar gent[00&91ch) Examilest of @ Ispikeltly banekidstal¢ohobriaclyde mbegiylhexancl,
| somer ¢ forlrsrgtu%lé?ﬁo?sGﬁjeéeqr C%!l!)l% AGhSeuds %l%le%?” c acid, d,l-tartaric

acid (racem T mXxturée) or meso artarie ac ten depend| ng on the

source (natyoes)] or Erminbhd of symidieslyri¢eaBohdl dRtiEL eirktlaasld) ethanol,
These 30 derivatives nay al so be prepared from functional equivalents

to the di acitdopagli bytaaphapeptenglo hergael skentind optaned depancdy decapol,
esters, aci %‘&Qéﬁ% id de&!ho?”ht}'lﬁédag&i? tetila—heéa%?ﬂc;}éﬁ Qeldi61 CQ{%RQ&HEQno‘?f
and/ or (

Forrrula(la) I's’derive romtartari résultant
tartrates nehephdesnbli, dqcmlenal}oigohmm;ie@noblécodapﬂndr mgxmrﬁst thereof. In one

particul ar al used in epa t he .t For use as

DaG £ Ve § ol Qe RUEE R GRS B gl GHTERTG and f uel
conposi ti onsighsgy 5 tTﬁé%ﬂ@éh%? ﬁ!’:l%d@sd\éﬁﬂérage&'éﬁblyyd%el M'Ebl?ola&d/aofao@hﬁi}lcy
di spersible in such ol eagi nous conpositions. For exanple

conposi ti onsalmﬁménd“é@ﬁmb@s afe suitable $:011>fhefdt1ymlg‘altdlylllgluaes@hxﬂbh@ glycol,
and/ or st abl ersible,in n oil in e ed The
Farmor | SodtraBiERE ey Priils elylalth ShuhIRYe, 3ieel o LSRR ol

does not necpssl@scmha/dma@ytc&@n @erltbh%)eﬁw@;ﬂﬁhidlOﬂﬁnbﬂﬁyﬂﬂlﬁ@)bhﬂél m@h
10 miscible or soluble in all g@gportlons inall oils. Rather S

intenddd to shierser ot tanigorsidency mixpragshereph nows Fmb@dlgnent the
St wRAR BB B b B Elb b BT E DA

an extent V\H) erm he “so one or

desired pr opEﬂhba':lSy sttt acbybitdtionsthe atorvdgess atgphbhesnssitabs at least 60
"solutions" be true solutions in the strict physical or chem cal
sense. They 8 erlﬁy”c‘?fﬁs?re%de%‘é fineols PeHisNE PHHS BIXIES!I | oi dal

di sper S! ons [LGPFI . eflﬁ)'bn{e Qﬁb@)‘dﬁlﬂ@ﬁt antmmeﬁr ag&ﬁn&hg Be d%ﬁl%ﬁ) I om t?r(t)&}ric

properties s ntly close to those of e solutions
practi &l purgpdsdde tamirée etidngedfbepwiphiing hleemamaﬂas f tlli\@umnne:xhnayfbe
this invent Icommermally available (for instance obtained from Sargent Welch), and it is
likely to exist in one or more isomeric forms such as d-tartaric acid, 1-tartaric
acid, d,l-tartaric acid (racemic mixture) or mesotartaric acid, often depending
on the source (natural) or method of synthesis (e.g. from maleic acid). These
30 derivatives may also be prepared from functional equivalents to the diacid
readily apparent to those skilled in the art, such as esters, acid chlorides, or

anhydrides.



Ami ne or Metal Salt of a Phosphorus Conmpound 20[0054] As used herein
the term "(thio)phosphoric" nmeans eithetla sul phur- containing
phosphoric acid or a sul phur-free phosphoric acid. [0055]1n one
enbodi nrent an am ne or netal salt of a phosphorus conpound may be
either (i) a hydroxy-substituted di- ester of (thio)phosphoric acid,
or (ii) a phosphoryl ated hydroxy-substituted di- or tri- ester of

t hi o) phos 1005611 n on mbodi nt the i.ne or.net
Gt o PBRA W hes g amr ahe) P EFBR e 070 s SRS iy %5, Bom
netal salt qéﬂa@n@tabmhtﬂémfz{aﬁ@tﬁh@&ehﬁw%e%moua% eaydb& mmegaedlhgdm
Formula (2): For nul a (2) whereln and are

i ndependent Ithe Iﬁartmula Higohrdcoamedyin Iglepmplg:@im mlhratﬁg JE(II dJSEOaSSf@xhhbm in

atons; each R and R' gro are n end rb r

chon R oo G DT PORRES WRAGRRS SRkt 1] SR Comots iR g tne
i ndeperglent liyrtRtes Odred aﬂﬁ%@oéﬁﬁrﬁsﬁlﬁiﬁ@ bid R Bt #( Qﬁs et & JHGIr
(such as ROQ(R 0)13(0) - C}QC}K%}B ; 10x' ranges fromO P (in one

enbodi ment  WheggiROUS=C@ANP it Pres. a{’hyémmplgl kompgsitiapy intanded f01 usej in qitd
n are both p05|t| he sum

of (mn) is aéau%maﬁg/ gﬁ £ ubz 511%,@?3 a% 0 1spe1s1bqe 11?211(1)\6'1 1n wpucﬁl tley are th
be used. The term “oil-soluble” as used in this specification and appended
claims does not necessarily mean that all the compositions in question are

10 miscible or soluble in all proportions in all oils. Rather, it is intended to mean
that the composition is soluble in an oil {(e.g., mineral oil, or synthetic oil) in
which it is intended to function to an extent which permits the solution to
exhibit one or more of the desired properties. Similarly, it is not necessary that
such “solutions” be true solutions in the strict physical or chemical sense. They

15 may instead be micro-emulsions or colloidal dispersions which, for the purpose
of this invention, exhibit properties sufficiently close to those of true solutions
to be, for practical purposes, interchangeable with them within the context of
this invention.
Amine or Metal Salt of a Phosphorus Compound

20 [0054] As used herein the term “(thio)phosphoric” means either a sulphur-
containing phosphoric acid or a sulphur-free phosphoric acid.
[0655] In one embodiment an amine or metal salt of a phosphorus compound
may be either (1) a hydroxy-substituted di- ester of (thio)phosphoric acid, or (i) a
phosphorylated hydroxy-substituted di- or tri- ester of (thio)phosphoric acid.

25 [0056] In one embodiment the amine or metal salt of a phosphorus compound is
sulphur-free.
[0057] The amine or metal salt of a sulphur-free phosphorus compound may be

represented Formula (2):



15t is an integer varying fromlto 4 (or 1 to 2); and g and e
are fractions, whose total provides conptete valence to satisfy t,
with the proviso that q is in the range of 0.1 to 1.5 (or 0.1 to 1),
and e is in the range of 0 to 0.9. [0058] The am ne salt of a

sul phur-free phosphorus conmpound may be 20represented by Fornul a
(2a): 13 Fonnul a (2a) wherein A and A are

i ndependently H, or ,a hydrocarbyl group containing 1 to 30 5carbon
atons; each R and group are independently a hydrocarbyl group;

each R is independently R H, or a hydroxyal kyl group; Yis

i ndependently R, /or a groupp represented by RO(R O)P(0)- CH(A")CH(A) -
(such as RQ(R 0) (O) C}ch(CHS) ); AlOX' range® flromO to 1 (in one
enbodi ment when = 0, Ry ils a hydrexyal kyl grqup)y in and n
are both positive n zerg ijntegers, t he pRIo! [ t, .t um of
(mtn) i s equal tfo 4bQ¢)9959]—+-ﬁ nbodi nent the \éjo Blil‘ﬁg’ﬁ’ egi]é@em ed
by Formula (2) or 15Fornu%a (2a) has x' equal |[tg@ 1. }[ 00601l n one

enbodi ment the ¢onpound rgpresented by Formnul 2) ar Formul a (2a)
1] 1 n one enbodi t he cqnpound

has x' is equal [to 0. [Q
represented by Formul &1{2) or Formula (2a) has ijn equal to 2; and n
equal to 2. 20[Q062] I n one e¢nbodi nent the conmpound {epresented by

Formula (2) or

Formula (2)
wherein
A and A’ are independently H, or a hydrocarbyl group containing 1 to 30
5 carbon atoms;
each R and R” group are independently a hydrocarbyl group;
each R’ is independently R, H, or a hydroxyalkyl group;
Y is independently R’, or a group represented by RO(R’O)P(O)-
CH(A’)CH(A)- (such as RO(R’O)P(0O)-CH,CH(CHj3)-);
10 x' ranges from 0 to 1 (in one embodiment 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 4;
M 1s a metal ion;
15 t is an integer varying from 1 to 4 (or 1 to 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 0.1 to 1.5 (or 0.1 to 1), and e is in the
range of 0 to 0.9.
[0058] The amine salt of a sulphur-free phosphorus compound may be

20 represented by Formula (2a):



Forrmula (2a) has mequal to 3; and n equal to 1. [0063]In one

enbodi nrent A and A" independently contaild Ito 10, or 2 to 6, or 2 to
4 carbon atons. 14 [0064]In one enbodinent R, R and R' al

i ndependently contain 1 to 30, or 1 to 20, or 4 to 20 carbon atons.

I n one enbodi nent up to half of the R groups nmay be hydrogen.

[ 0065] I n one enbodi ment R' contains 8 to 26, or 10 to 20, or 13 to 19
5carbon atons. [0066] The co nd of Formula (2)-0r Formula (2a)

i ncl udes am ne salts of a prijmary an1ne a secandary am ne, a
tertiary am ne, nlxtures)thereof one enb |nent the primary

am ne includes a teﬁkh? |phat|c pripary an 10[ 0067] Exanpl es
of suitable primary a nes de_ettiyl amare— 1 aHj,bDER",
butyl am ne, 2- ethylhex§1an1n , octytam ne, and
as such fatty am nes as n-octlyl am ng, n-decyl arj ne, n-dodecyl am ne,

nt et radecyl am ne, n-hexadegyl|am ne, A'n-oct adec i ne and ol eyam ne.

Q her useful fatty am nes”indl ude commercialYy avjil able fatty am nes
such as 15 "Arneen0" antnes (Jproducts avail able from Akzo Chem cal s,
Chi cago, Illinois), such as neen C, Arneen O, en O, Arneen T,
Armeen HT, Arneen S and Arnegn SD, wherein the letter designation
relates to the fatty group, h as coco, oleyl,—tallow or stearyl
groups. [0068] Exanpl es of suitable sg¢ ggﬁﬂﬂ? am nes incl ude

di met hyl am ne, 20 di et hyl am ne, dipropyla di but yl am ne,

di anyl am ne,wlthréiexyl am ne, di heptyl am ne, nethylethylanine

et hyl but yl am ne, bIS 2- et hyl hexyl am ne, B yl -1 - n1no cycl. ahexane
Armeen(r) 2C and ‘&R I‘AnfEaRimendenily Iéeebgﬁla lﬁcgﬁw BOVRERPIFRIRY d) 1030
am nes such as, R ﬁédlne pi perazine and norpholine.

25100691Exanpl es of tertiary ami nes include tri-n-butylamne, tri-n-
octyl am ne, tri - demmyh &rnde’’t group anerigdependeeflyra hidescatet gioap ne, and

di met hyl ol eyl am ne 0070 e enbodi nent the
ani nes may be |n‘?ﬁéﬁ¥6%ﬁaé¥%ggﬂg5%Jﬂ a%%hﬁﬁﬁé Yb#FOURi t abl e mi xt ur es
of ami nes Incl udey (i9 AR RAHARIMMED &1 éom%ﬂp'?’gelﬁ@sreﬁﬂéﬂ 3k ONED@NO)P(0)-
tertiary alk primary groups, (|| an amne with 14 8 carbon

atoms on ter Hé\%;}CHLkM(mpq}naq&Q(Rg@ @§ -CHaCH(GH:)-an ﬁm ne with 18 to
22 t tert )
Cortrald arkel TRBREHEBOR Kl Pl Rt faR Ry R o A TRl iy

tert-hexyl androgp); tert - octylanine (such as 1, 1- dlnethylhexylan1ne)
tert-decyl am ne (such as 1- dlnethyloctylan1ne) t ert dodecyl am ne,
tert-tetradecyl arifad niase boqliea@aa@éylpaﬁf?emteg@ﬁt Hith derepipy Aithas the sum of

tert- tetracqﬁﬁﬂggggaugﬁngnd tert-octacosanyl am ne.

[0059] In one embodiment the compound represented by Formula (2) or

odecyl am ne, as wel |

15 Formula (2a}) has x” equal to 1.
[0060] In one embodiment the compound represented by Formula (2) or
Formula (2a) has x’ is equal to 0.
[0061] In one embodiment the compound represented by Formula (2) or
Formula (2a) has m equal to 2; and n equal to 2.

20 [0062] In one embodiment the compound represented by Formula (2) or
Formula (2a) has m equal to 3; and n equal to 1.
[0063] In one embodiment A and A’ independently contain 1 to 10, or 2 to 6,

or 2 to 4 carbon atoms.



5[0071] I n one enbodi ment a useful m xture of am nes includes
"Prinmene0 81R' or "Prinmene(r) JMI." Priii#¢ne0 81R and PrineneQ0 JMI
(both produced and sold by Rohm & Haas) nmay be m xtures of Cl1 to Cl4
tertiary alkyl primary amnes and C18 to C22 tertiary alkyl primry
am nes respectively. [0072] 1 n one enbodi ment the nmetal ion of Fornula
(2) may be a nmono- or 10di- valent metal, or mxtures thereof In one

enbodi nent t tal ion may be divalent. [0073]]n one enbodi.nent e
metal of thﬁﬁ_@%ﬁ iy ﬁ&%&@ge% %Bﬁrﬁld é%q?lﬁﬁﬁue@m@éliyu?ﬂnt%a| fury:
magnesi um  hari WmocepRean, 2t&k6h atdth® U AkNEnbIBREALLR tORSIF of the R’

enbodi nent the metal of the netal ion includes lithium 15sodi um
cal ci um nagrespumay de Izdnagenl n one enbodi nent the netal of the neta

comound of WHBS o 21 e R EARTE" ety Sindbapr a o 3 g1 16 10

nonoval ent ngk@dn atb@Q76] I n one enbodinment t is equal to 2, when the
conmpound of Forrmula 20(2) is a netal salt of a divalent netal.

[0077] I n ond08f®lodi dbatcompiosni pfthremudm (P of FonBile §24); inghdee ajindng palts
t he range of to Ou5.1ﬁ0078£ln gne enbodineqt t he .co punq of cof
Formul a (2) 9's® PPEETHATE et AFCONGA &S, SqlGRTaY Ig8FooT AREUEPs; Goreot
equal to ongh. ordlebEAlhontone AR MBithe tink®desWatertifrylalighatis Q@daly
to 0, and q is equal to 1. Processes to Prepare Conpound of Fornul a
(2) and For mim@e(2a) [0080]1n one enbodi ment the sul phur-free ani ne

sal t OEO a pqﬁég .ru%xamp?e%npgfmgyﬁ%lgi nel‘?lé%)ll )agﬂﬁgé&reog%lﬁepr gﬁls'ﬁaﬁréiae,

conpri si ng: i ng-antarmi né" w ert he Xy-'subs

di -ester of pbpglahend ch@giahiney 2{dthylhex Nh@s)aicyylamee, and dodecylamine,
30hydroxy-substituted di- or tri- ester of phosphoric acid. [0081]In
one” enbodi nmeritWethas seal faghy amifgeroRPebipaine nrdsgy@minggt-dpdesplamine, n-

phosphoric agjdq é@}/anl?i%ep Elgﬁﬁﬁ&ﬁ%nﬂlef’ 5198(93&60?%%51-% SIRALY oleyamine. Other

useful fatty amines include commercially available fatty amines such as

15 "Armeen®" amines (products available from Akzo Chemicals, Chicago,
IHinois), 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.

[00668] Examples of suitable secondary amines include dimethylamine,

20 diethylamine, dipropylamine, dibutylamine, diamylamine, dihexylamine,
diheptylamine, methylethylamine, ethylbutylamine, bis-2-ethylhexylamine, N-
methyl-1-amino-cyclohexane, Armeen® 2C and ethylamylamine. The
secondary amines may be cyclic amines such as piperidine, piperazine and
morpholine.

25 [0069] Examples of tertiary amines include fri-n-butylamine, fri-n-
octylamine, tri-decylamine, tri-laurylamine, tri-hexadecylamine, and
dimethyloleylamine (Armeen® DMOD).

[0070] In one embodiment the amines may be in the form of a mixture.
Examples of suitable mixtures of amines include (1) an amine with 11 to 14

30 carbon atoms on tertiary alkyl primary groups, (ii) an amine with 14 to 18

carbon atoms on tertiary alkyl primary groups, or (iii) an amine with 18 to 22

carbon atoms on tertiary alkyl primary groups. Other examples of tertiary alkyl



16 (i) reacting a phosphating agent (such as P205, P4010, or
equi val ents thereof) with an al cohol, td5form a nono- and/or di-
phosphat e ester; (1i) reacting the phosphate ester with an

al kyl ene oxide, to forma hydroxysubstituted di- ester of phosphoric
acid; and 5(iii) salting the hydroxy-substituted di- ester of
phosphoric acid is reacted with an am ne and/or netal. [0082]In one
enbodi ment the hydroxy-su ut . ester. of phosphori

(ii) may be FUPHHSAMINES L %teri-ﬁla@fanalﬁseteﬁo’ew 9111ﬁeb%5f)?w§m%¥18&1(915
above, with P@Qﬁﬂ%&llﬁﬂy@&%@ tdryRk&ahinynd @snmlngs a lpﬁ%ﬁa@lﬁ%dﬂdﬁﬁﬁ{é),
hydr oxy- substituted di- or - ester of phosphoric acid

sal ting wi t Heddodavylweniand/ or terr‘et@tad(%eﬁéammest ep t(efﬂrl)exa@mzféa)mmfe0083]t¢1ﬁ

different enb nt s teps, (i) and (ii) : repeat ed at | east
once’ more, OREISRARI g Dttt dbmite hpd i SFe SRR IR S ¢ an
anm ne and/ Or[omyal (n’vl@né rénﬁ;baﬁnémlahs&bpmhur&@f BN ASPIR RS "PAkiche®
may be prepared by a process 15 conprising performng the steps

(! ), (! ! ), arkd R ¢1 YPringgng® )H\/(T "Primgne® §HR (4nd; Frimgpe® JMT (both produced
E: g ’ E: : g ’ E: ga‘n%i' 'cgla( ng{oﬁ}ﬁ )& Ig?-.%) (nllfqg ’bg ﬁni{ture)s (gfl blla{(]) C(14 e}tiary alkyl
(1), (ii), (i)pr ﬁhihr)y dnhihed h1hd C(R o @nd téttiah} all@ﬂ rimary amines respectively.

(r)y, (i), o), (ei),i),cri), (i), (||} and (iii), as defined above.
[0084] I n di flP ?Ent Ehbocliembaduneridhe axedaliion ofrfisaneda (3)endy be amongt o

99 wt ?(9% - 38&% a‘fa{i 001‘81%1%]}?%)'{11%%013 511%1’16/ %1&18831%?% th/8 m%tal 1?1? may be

sul phur-free am ne g
[ 0085] I n di fdredlend enbodlnents the nDIe ratlo in step (|) of t he
nono- phosphate to di-phosp hate inc| udes ranges of 1:10 to 10:1, or

1:5 to 5:1, 8073 2 fp ozlelemBPdllneilt the[meigbatnthgi Mg eion éwﬁﬁmirﬂéﬁlﬁ@m
the nol e ratd gaﬁ,ﬁ?%sﬂﬂnt&%ﬂgp leuﬁhggzgﬁﬁll% Héﬁepér m%k P tiliok 7 ?{3

al kyl ene OXI8 e nono- ster o ste
i ncl udes rarjigé®jof h Gnk blﬂbddlﬁ‘lem the 19e@l bft helnmRtdl. zoﬁmoﬁﬁﬁ]den lothénm,

enbodi pent  al ene oxi de includes ethyl ene oxide

oxi de bt buthEbiE CUPHED HREEHIBI &t 15 B GrRyRERG 6iF dueteloof the
hydroxy305uQ§ah;Rhggagbezg§§er of phosphoric acid in step (fi)

i ncl udes 1: [ 0088] I'n one enbodi nent al kyl ene oxi de i ncludes C5 and

hi gher aIkyH@ﬂ%SbX|ﬂeonamdﬁwﬁennmi%wﬁaFbe®ﬂ ahley | thpeompiodad tod Honmula

hydr oxy- subg 55 %sugnez%mq{e sa tsc;[r a 1ne{al salt of a monovalent metal.

[0076] In one embodiment t is equal to 2, when the compound of Formula
20 (2) is a metal salt of a divalent metal.
[0077] In one embodiment q is in the range of 0.5 to 1; and e is in the range
of 0 to 0.5.
[0078] In one embodiment the compound of Formula (2) is free of a metal
ion (e 1s equal to zero; and ¢ 1s equal to one).
25 [0079]  In one embodiment t is equal to 1, e 1s equal to 0, and q 1s equal to 1.

Processes to Prepare Compound of Formula (2) and Formula (2a)

[0080] In one embodiment the 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 (i1) a phosphorylated
30 hydroxy-substituted di- or tri- ester of phosphoric acid.

[0081] In one embodiment the salt of a hydroxy-substituted di- ester of

phosphoric acid may be prepared by a process comprising:



17 phosphoric acid in step (ii) includes broader ranges because the
al kyl ene oxides are |l ess volatile underl6eaction conditions.

[ 0089] The process descri bed above in steps (i) to (iii), in different
enbodi nment s may be carried out at a reaction tenperature in a
range of 30 Cto 140 C, or 40 C 5to 110C, or 45 Cto 90C [0090] The
process may be carried out at reduced pressure at nospheri c pressure
or above atnpspherlc ress I n one

e i nent the proces
carried out at at'®Wd€ %@FH?Eng@ﬂgég@F(§H§$éPdpﬁésBHePTEWpYiﬁgﬁﬁﬁmoﬂ

[0091] I'n Onewi%m%il'cﬁﬁﬂttotfbﬁnQ'il%%s%ﬂ&ydlb?h&?ﬁitb@QGIOUt in an inert
10at nospher e Exanpl es’ of a suitable Iner mosphere i ncl ude

ni trogen, argon, (@) mactingrtbs phéspheiefesied@dB]dnrnlldilérfceradd, te mdyoda hediosy-

t he al kyl ene de onta ns 1 to 10, .or to 6, or 2 to 4 carbon
at ons. rn oﬁﬁgéhﬁgﬁ héﬁ?kpﬁ%mﬁPﬁéﬁ%ﬁQE?ﬁQﬁde i ncl ude et hyl ene oxi de,

propyl ene oxi de, (hmt éé'ltﬁ{beth@my‘i‘i%xyoiub%tﬁ&ﬁr(ﬁs egteﬁbegﬁodpﬁoe@emd is _reacted
15enbodi ment the al kyl ene oxi'de i'ncl udes propylene oxide. [0093]In

di fferent emw@dmn@nﬂsEMﬂhenaﬁﬁohol cont ai ns to 30, or 4 to 24, or 8

[0095) The. aldGhel " o CbEy r%'rﬁﬁwﬁwdm%aﬁuﬁrt b B0t ay et ag

of a suitablg(al ﬁrabqﬂe ﬂ;ﬂﬁéluea:téuearaea%k onQERbRNGY reReliANakp (mﬁmokwth a
dodecanol , dodecanol, tridecanol, tetradecanol, pent adecanol ,

hexadecanol ,Phiesplrasiae caad] (tqulhrd‘@@am a phesnhaadand hydivkeynbsiteehdi-) or
nonade @nol it eﬁgsé{i} pﬁr’})l éﬁ) c acj abgl}o téjait%%ﬁﬂﬁr 59 mnl‘r:%(?mn&)/o 1%169&5 (z?s in step

sui t abl e al cohol i nc or e ano
2- et hyl hexangil),abbg®oct anol , 25or m xtures thereof [0097]Exanples of
comercially avail abl e al cohol s i ncl ude Al cohol (r) 7911,

Al cohol (r) ﬂ@@@-”]andhDI@bff%F%‘t)ﬁBP?‘ih}neIlmGte@fs (B)bﬁsdaﬂt)d“a)&lbﬁﬁﬁﬁ‘éﬂt€4 jt fegst
R T e O
Li nevol O 91]11‘1&@1 @ndn mba(nt)le(bp)'e)ZE? dr e&hmﬁree(hle s&iG mhy &k Qrdpabedoby ﬁ:q»mi]e%
pugust gy M ani Dey ) and Lotol 0ol LEnKel, AL IRLCoR ) %:
(1),(i1),(1),(i1), and (iii); (i),(i1),(i),(i1),(1), and (iii), or (i),(ii),(1),(ii),(1), (ii), and
(ii1), or (1),(i1),(1),(11),(1),(i1),(1) and (iii), or (i),(ii),(0),(ii),(1),(i1),(1),(ii) and (iii),
as defined above.
[0084] In different embodiments the reaction product yields [ wt % to 99 wt
20 %, or 20 wt % to 80 wt %, or 35 wt % to 75 wt %, of the sulphur-free amine salt
of a phosphorus compound of the invention.
[0085] In different embodiments, the mole ratio in step (i) of the mono-
phosphate to di-phosphate includes ranges of 1:10 to 10:1, or 1:5 to 5:1, or 1:2
to 2:1, or 1:1.
25 [0086] In different embodiments, the mole ratio (based on the amount of
phosphorus) in step (1) of alkylene oxide to the mono- and/or di- phosphate ester
of step (1) includes ranges of 0.6:1 to 1.5:1, or 0.8:1 to 1.2:1.
[0087] In one embodiment alkylene oxide includes ethylene oxide, propylene
oxide or butylene oxide; and the mole ratio of alkylene oxide to hydroxy-
30 substituted di- ester of phosphoric acid in step (i1) includes 1:1.
[0088] 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



18 [0098] Useful am nes include amine salts of a primary anmine, a
secondary amne, a tertiary amne, or niXtures thereof A nore
detail ed description of useful amnes is defined above. Amne Salts
of Phosphoric Acid: Preparative Exanples 5Preparative Exanple 1

[ 0099] Step A: Phosphorus pentoxide (219 g, about 1.54 nol) is added
slowy over a period of about 1.5 hours to a flask containing

i sooctyl al cghol (.about. 602 g, .about 4.63 nol) whil st st

bbout B0 ¢ (UCSBRIC 196 e X% G s SHo S Bogke b S snp s are
then heat ed jtQ +a3RRE wRfer feadtich Bglastidnier e 10f or about 5 hours. The
product is cooled. Analysis of the product indicates a phosphorus

content of d0068%] 11TBe wtocess deoxdr]l ﬁbe‘ps iB:stess (1) ecmﬁei an dlf’éer@ft eabodmnesl(s

C, fl k t th d t of t 2 70
o basag otk S bl BIRCEh 1Suphfe i 4 AR br 1% 1§ %m0t

m xed w4 th agsterchirereirhooagount of propyl ene 15 oxi de (about
157.7 g, about 2.71 nol) dropwi se via an addition flannel. The

propyl ene oxX0820])i s §hdau0@<:ﬁérmayﬁ@r p@dledf owtbeutrediicsd hoessyre, t mosplmres
m xture. The_m xtur

o e o et oF byt b oBRNC Brifudy B O Ptk A8 Rkesks mpy

content of afeodiiri&d Buidt a¥mokhkdit Agﬁb@lﬂl@er dherepipdusierRf preisepe. B (about
881.5 g, 2.73 nol P based on 909 is heated to 50 C under

ni trogen and9fhblsphbt lmlep@ﬁb@&mwt(tilzgp@ce@ gIaymE) c4rsieaderddin mnf gert
equal rtions .9 l}err a%?('ﬁh‘l %EOPQ ‘é[l%tﬁﬁ‘éﬁhélg ahg?spg%o Eﬂc%gd Clu?roge argon,

tenperature 1S nt'ai ne ween the ran
C, whilst vigoehiusky tlsdrédfting to provide a product that is a
honmogeneous solid. The tenperature is raised to about 80 C and held

for 25about §0%lur sln flkff%tetrﬁnabcrﬁl@auf@t the 3l cep BrIdS Fontdng} drrldor 2 to
contains 13 7 M 5 %,04 %P@PQ%G?’SS [1R 187 g«gx%BdBu nThtﬁePzgfeg%ﬁé RSt fRude

(about 706. g about i s heat to a I'n a nitrogen
at nos pher e imhyehd asideBipsei(y2ene oxidef hylyhewyd3idei mem(atnoest theiy, In one

about 47 nol s added_dr.opwi n 30addi ti on, funnel over a
o alr | BB RBLE AR SR g R PR ROPHEnE BRREr ar ure Lo be

about 55 C tjgoabpput 168;rferedi@nhd BtentsS tid 8RN aEi A9 13034t or 4 to 24, or

8 to 18 carbon atoms.
[0094] The alcohol may be linear or branched.
[0095] The alcohol may be saturated or unsaturated.

20 [0096] Examples of a suitable alcohol include hexanol, heptanol, octanol,
nonanol, dodecanol, dodecanol, tridecanol, tetradecanol, pentadecanol,
hexadecanol, heptadecanol, octadecanol, octadecenol (oleyl alcohol),
nonadecanol, eicosyl-alcohol, or mixtures thereof. Examples of a suitable
alcohol include for example, 4-methyl-2-pentanol, 2-ethylhexanol, isooctanol,

25 or mixtures thereof.

[0097] Examples of commercially available alcohols include Alcohol®
7911, Oxo Alcohol® 7900 and Oxo Alcohol® 1100 of Monsanto; Alphanol®
79 of ICI; Nafol® 1620, Alfol® 610 and Alfol® 810 of Condea (now Sasol);
Epal® 610 and Epal® 810 of Ethyl Corporation; Linevol® 79, Linevol® 911

30 and Dobanol® 25 L of Shell AG; Lial® 125 of Condea Augusta, Milan;
Dehydad® and Lorol® of Henkel KGaA (now Cognis) as well as Linopol® 7-
11 and Acropol® 91 of Ugine Kuhlmann.



19 75 C and held there for about 2 hours. Upon cooling the product of
Step Dis light orange and has a phosphdBus content of 7.7 wt %
Preparative Exanple 2 [0103] Preparative Exanple 2 is prepared
enploying a simlar procedure as 5 Step A and Step B of Preparative
Exanple 1. However, for Step A, a stoichionetric anount of propyl ene
oxide (209 g, 3.60 nol) is added to isooctyl phosphate acid (about

952 g, about_ 3.43 ), . The mxture is then heated to about 75 C for
4 hours. The[(’%%%m ?‘fﬁw%w&a Ingtudg epine P f HRESHRY AT NEoh FeTANdaFY
about 9. 65 0 . t St .0
Sbout 0. 374 T FoE B B e R e L & R R 5 R i ot
(about 97. 5 wefidbmineDisaBfinedlapovs added dropwi se via an addition
funnel over ' 4Q m nut es. 'TE reaction tenperature is
t hen rai sed £8"2Ha8 5 FOSRAG o SR BAWBIES. The resul tant
productshas @.phaapbedspiont ent of about 6.6 wt % 15Preparative

Exanpl e 3 [0I104]Preparative Exanple 3 is prepared in a simlar
procedur e as|0PPebar atdpvé\: ERlavgpherub. peidwener (218t ppaltodf 1 Blepablais wdded

Exanpl e 3 react hosphor.u ent oxi about 18 about. 1. 33 |
mec iyl anyl | ACERoP abanton68 ot ba s it Ak Sl ispacs HRohe
pent oxi de | s(aBesteshoyeibodt REY3 BE1)2PhiRt RPN atf Fbd¥it HOt€StPbuB02C in a
tenperature of about 60 C. The product is then heated to about 70 C

and hel d f ornitbeen atmasphete: sTherhextesisl thanheped doabowa?0 2 phdsphbihgss

cont ent , of Q 3 w %, Step, B.is carried out by.reacting the

e oductOof SPEabates hoths. onShaRy RS oGREL , KneRln, fY hPb bR i o
240 g/ nol ), pidsphahewbntknlobsriural entsvnf propyl ene oxide (about 46.0
g, about 25 0.791 nol). The resultant product has_a_ phosphorus

content of 84081 1056® Bt Atgenmpasptuce pEakentS0e§ . aulaskyrontaringghe peoduct

product of 9, t-0, 7 t 6

nitrogen at ﬁ‘bfg e?réagﬁghtr éggt“i’naé)%\?mpg hﬂpﬁ]ooép%g!r%s@p% tg%(ilgl tegr(‘3 %%urbﬁe%%ﬁ
g, about 0. 28nmb) Jtirrifleatr(@aetl W) wiatdheitmar gachasnahioutm ifit Gf pripoyiene
cooling_to abqut 65 C, the flask is held at this 30 tenperajure for
about 155 hotirde (RHatHiSgskei atien’ boMlEd e iap i 286 fwe]d byhe
the dropw se,agdicht QRi VR aRIeBVePd RricdbOtiboke 3 HAHE S 2 (Br: :
et hyl hexyDaSnplngg(ea{bou% 200ag,e abgut %183 rml%o.ldtThe Plgéggigﬁfﬁéﬁmuw
heated to 2ZDhaboxurds t@eahdathéltd 700E atsiolwtld Zohahoug 2 Whes.plbd peodivass

about 2.6 wei by e PaoE e Bese brdRberms PR chaton prarar o

Preparative [@1a0pl e sfey &: Shigrafudt@tdiap BO{atdulPBEPAr @td v& atanBh&dZon
However, for Step A, the flask contains nethyl anyl P osphate acid
'

(about 2454, £6§=980dathcateddp TOIT umder aftregssuand2Bhasphongerenioniile (b8,
t her e, - : 0 , |
ndded dr opwi 2T /BT S SRR SRy (ARA Dot s ABBRY GrC b, Rodnd The

hours. The nidditis:e ths téhgdratieatiedndiotaai@ubethiels tA8dahigd dftahene SEAC to
about 4 hours. The 10 product has a phosphorus content of about 6.7
W % The prduét 7Of Gt siilal | Wepranbhetirenet'e apovdecd prodypddhatais a
nitrogen at o] X 0 t

i) s addad o s se P ona o TP ERLOR s Rp dboitsd cE 3 ndlg 36r
t enper af ur e a|mt Aodiratto dbout pfdbdctf arpoabuling.the patdust cdlteinprioduet %
is then heated to about 40 C under nitrogen and bis-(2-

15et hyl hexy! YaH0§8IQWBout 144.8 g, about 0.596 nol) was added

dr opwi se vi {ti r i n

ner eased ¢ o'ABglt  J0TC And G EIEfup PP SRALC (abbUF TETOE" Bl 48 rhglf

product has leapdibsphabost ednt’@ntinof abogen6 aGnodphye dnd aa flakk.r ogein-(2-

content of about 2.1 w % .[0106] Preparative Exanpl e ith | .

Thi ophosphor?@Yﬁ&&ﬂﬂﬁalms&?@elaé@éogpé 9{6&?&3 (@ﬁ*@@&ﬁﬁiﬁ)&rm&&d‘é@ th

two poBhi ONS, RRGoNOHMNBP A er L @ {8 HRIBSuLT2 NYAROX WA Wontrolling the
temperature to be about 55 °C to about 60 °C. The flask is then heated to about




25 internediate (1320g). This internmediate is neutralised by adding
555 g of a Cl17..14-al kyl am ne over twolBours at 49 C. After heating
to 77 Cthe material is vacuumstripped to give the product.

[ 0107] Preparative Exanples 6 to 8 are prepared in a simlar nmanner to
Preparative Exanples 2 to 4, except the bis-(2-ethylhexyl)amne is
replaced 30with Cl2_14 tertiary alkyl primary am ne (Prinmene(r) 81R).

Conpound 1 n P KTEIfor 1080 BHGRLS oFah AL RBSPRBRT gl Lais

described in;dyp obagRMndhal Ap1hpmorl@CofEATDE £7 v, one of exanples 1
to 25. [0109]1Tn one enbodi nent amne or netal salt of a phosphorus

conpound i s Bapmatiphlixameie 2i ni ng conmpound. [0110] 1 n one enbodi nent
am ne or rret[g}lpl al t hor.u ound is other t

of a Ehog 1S, £0 1 .haf a_
sul phur - cont ng EETEGURS. ’F%’ilif] THPIEMTHE STHIPYIGE assigyiap REgCefpreas
phosphog us GREPOANEITEYePER aoff PaGIdrAN PGl P ePALRAvES Ok 8Step A, a
di t hi ophosphoric acid reacting with an 10 epoxide or a glycol. This
reaction pr ctieichiomspyripempount dlepropekese odide (2092, gHosphbrissdded @, isooctyl

anhydride, or_| r ester e "lo ".signifies 1 to 8, .or 1 6,
oo g, gmoaRie SR et BFarm PRI h a3 ah 8ol T arrliln gkttt B
the ester). bhet epoxi @& i nuudeTaneahltANPrbBu@POXERS AThA SHUbEMRrus
oxi de. Exanpl es of useful epoxides include ethyl ene oxide, e@r opyl ene

oxi de, but erfenistit ¢é abest Bédetik Yoxil'ae Stetobe demprasiiicte! StapyAdiboeixiHes,
and the, like, ' -t he ' : e oRYyl en i

o oo S o828 R BEbRER i I5 SRRSO S RERpM: e (RIS 5
to 3 carbon Qtadest 0.Hoe helub aiogl deipdssaktn hiheddisiaht RdnyW éer aparRsl of
[0112] The am ne or netal salt of a phosphorus conpound nay be groesent
at 200. 01 wabgait 60 roinpfese, Thyy rgctiondempergtuze it thin ised. to 4houty/p o C3ang
% of the |uh e'l&%# Q9o GOTPARIL | Ofhe kO3 grc%%t %gp%dkﬁ??sﬁ!)thot ecmﬁent of
anti wear package further conprises antiwear agents other than those
di scl osed aliwet 6[60&0%] | n one enbodi ment the antiwear package does

not CO{'% ain _a zing ZEdi al i< di t hi ophosphate. 1011511 n one enbodi ment
t he an _wearPr t contain antiwear agents other than
those di scl qaegyjabovigepd,QEd6] g{aﬁﬁglea@t iVeRenAQ8NES 4 NGhUde Focedure as
non-i oni ¢ phosphorus conpound wt

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
20 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
25 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
30 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



phosphorus atons having an oxidation state of +3, a metal 30

di al kyl di t hi ophosphate, netal dial kyl ph@8phate (typically a zinc di
di al kyl phosphate), a netal dialkyldithiophosphate (typically a zinc
di dial kyl di t hi ophosphate), or m xtures thereof 22 [0117] Exanpl es of
a suitable zinc dial kyldithiophosphate often referred to as ZDDP, ZDP
or ZDTP) include zinc di-(2-methylpropyl) dithiophosphate/di- (anyl)
di t hi ophosphate, _zinc di-(1,3-di methyl butyl) dithiophosphate, zinc
di - (heptyl )3t §P obrsiob@e dor 3hgi 2ghaye 6#%)%@% ihgpRadioRBGEuS sppient
| -(2-ethyl olit 8.6 wt %, and a nit t of about

5di t hi ophosphat e, z?n&ﬁ%ﬁkﬁgnﬁfyéo%ﬁﬁ%ﬁ %%6%5?8uz%ﬁegiﬁ(decyl)

di t hi ophosphiateparazivadixdimp(adédecyl ) dithi ophosphat e, 2|nc

di - (dodecyl p ) t hi ophosphat e,
dithiophospﬂgigg e %@tPHEF@@FﬁhFBT?§Y%&§%ﬁﬁQE Tgaﬁéothatof

dl al kyl phosm%b&atloslmﬁﬁb nC dioweder, Ml fsxémonué )ﬂaeia%ﬁta%semea{w&nﬂ
-(anyl) phosphate, zinc di-(1,3-dinethylbutyl) 10 phosphate, “zinc

(heptyl)1ﬂhmsbhauanl@ﬂm@td64@og¢#ﬁyuﬁh@ﬁbhuﬂbaniahebahb P2C, under a

ethylhexyl) hat |nc no hos t |nc

ohosphat o ARREEE Aeiosabeth 1 riibedeRaRn B E 1 g BH%&W o i
phosphate, zidaed Qir()ﬁ@Féfer@ré%rﬁddltlcﬂhﬂﬁﬁﬁPbeer Qrpeﬁ'o?itd’ff ﬁ)%ut hey g@frs. The
[ 0119] Exanpl es of a non-ionic phosph or us conpound w th phosphorus
15at ons havungdam=@ﬂhd@ﬂwawdﬁpaﬂ@ubﬂ5+§fﬂmtmghbﬂ&npﬁmsyhntélh@m@r Ty
m xt ur t here de ai cription.of ¢ he.non-i.onic
phosphilus dsapitrraants ORTES rPL G Heoloconidroase! ft Stepeh by
US 6, 103, 673hek gasae:dStu pivode 60[ 9(12%651 angitRVEeA ditRRbh &8 €ad dU Bhb §Hong
conposi tion further conprises an 200rgano sul phi de, or m xtures

t hereof . | n REXADGHVERE &rbost §edonelil ipHidded éo Ase inssidonf oY dsperinte
of a pol ysul z t hergo, I
different e Oél %én]t'g,h%%hi glrllgat%g{ﬂs% E#g% ‘385 h'é]c?(%{" §§ut Eﬁt@ Eor a%%atl]l )
range of 0O vitows.t A HEOpiekluls isothed Hedtedt to%alomt 14@ ) u%ielomtﬂwﬂm\ﬁmd%lhﬂé’DS
w % or 250. %to 6 t he Iubrlcatln%Qconp03|tlon

Thi adi %ol e %ﬁﬁlﬁ%ﬂaam{lm@%@é%ﬁe& BPOW {-AYQdRAR oVe ARdgdudeopwise via

2, 5-di mer capfridors fiftideN @ 820k Rurs. O'ThQItblglggﬁ‘i@re 1881 &PTncrésed to about 70
hydrocarbyl substituted 2,5-di nercapto-1

°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 %.

[0106] Preparative Example 5 with Thiophosphoric Acid: Phosphorus

20 pentoxide (144 grams) 1s added in two portions one hour apart to 1176 grams of
hydroxypropyl 0,0-di(4-methyl-2-pentyl)phosphorodithioate (prepared by
reacting di(4-methyl-2-pentyl)-phosphorodithioic acid with about 1.1 moles of
propylene oxide at 54°C and removing excess propylene oxide by vacuum
stripping).  The mixture is heated at 71°C for 6 hours to give an acidic

25 intermediate (1320g). This intermediate is neutralised by adding 555 g of a
Ci2.12-alkyl amine over two hours at 49 °C. After heating to 77 °C the material
is vacuum stripped to give the product.

[0107]  Preparative Examples 6 to 8 are prepared in a similar manner to
Preparative Examples 2 to 4, except the bis-(2-ethylhexyl)amine is replaced

30 with Cja.14 tertiary alkyl primary amine (Primene® 81R).



t hi adi azol e, a hydrocarbyl thi o-substituted

2, 5-di nercapto-1, 3-4-thi adi azol e, or 303li goners thereof The

ol i goners of hydrocarbyl -substituted 2, 5-di nercapt o-

1, 3-4-thiadiazole typically formby formng a sul phur-sul phur bond
between 23 2,5-dinercapto-I, 3-4-thiadiazole units to formoligoners
of two or nore of said thiadiazole units. [0123]Exanples of a
sui t abl e t hi adj azol conpo i ncl yde at | east o

i et capt of HO L as o b no BB YRR ABE Guitic o Rtk FAlieh apBsghors compound

3, 5-di mer captQp aﬁ{lﬁe r?alt“:]f'atﬁ! k—@éﬂlaﬁi’mg phosphonc acid as described in US Patent
3,4-dinmercapto-[1 i azol e, 5-di mer capt o-

[1,2,3]-thi aadh?ké@ia f‘diypmmlbllf:yan}e@m bﬁ/emlbabk@m’at erials such as
2,5-dinerca -1, 3,4-thiadia or .a hydroca bstituted

2 mer canPaoTh 5l b AEPE R A Ot iePE AP RS et Epapun i
2, 5-di rercapt gr hl.?r dmidilinadicdgRh@dny be conmonly utilised, with

2, 5- dlnercapto-il 3,4]-thiadi azole 10 nost commonly utilised due to

avai |l abi | i ty[011 di fif enepmbediseit aamns ot et yabief agthosphdyes camprsndis

t he hydrocar ubst E?j:entcogtroug includes 1 to 30, 2 to 25,4 to 20,6
to 16, or 8% an[36& al AEVRRSOHPHENT, the thi adi azol e conmpound

may be the r[em]l ONTRE adbiat @it af thglﬁl@hul\ﬁfréfh pABspRbflehyslepand say be a
di mer capt ot hi adi azol e. The phenol 15 includes an al kyl phenol

wher ei n t he Taian grodist compaicas fiam | e alithigphospheric aad @acting v§ti oarn
7) t t |4 |
(b 1K bon ORI B g1VaRl o HRR G qIE R HRR B WO GREG 8 0 o

Useful thi aqjlﬁaplh(&uﬁaﬁfﬁpuﬂcbﬁlridmc btJCtﬁwer ester (where “lower” signifies 1 to 8, or 1
2-al kyl di t hi o- 5- ner capt o- [ 34]-th|ad|azoles

2, 5- bi s(al k)}Po‘? t9i b)to [41 o3, htto hrarlpa26res 10 the jadhpldesiyesheasiorephiiia

hi 0- 5- 20rrer o
2[ 5- hept y1- dr g )}%pﬁ%ﬁ%} 1?(%1?@ ﬁf%@l&&ﬁ%@xﬁﬁ: or a styrene oxide. Examples

5- mer capt o- [o]f Bseﬁﬂ- thoadeazotlelle ahdent xixidesptdpgiael okde2 bpteameoneaide,
enbodi pent the thi adi azo eco ound i ncludes at, | east qne of )
oot L or (oMt e i e Oy on s e, G168 A1 B dtteo 1T oo YR RS

-1,3,4- th t ¢
25Pol ysul p'hﬁgg %%%56?%%300%?8@6%?{ baidecyrak LN @is Indl Jmauée b a20)Ris

pol ysul phi déhayiigéad €, or 2 to 6, or 2 to 3 carbon atoms. The resultmg acids are then
salted with amines.
[0112] The amine or metal salt of a phosphorus compound may be present at
20 0.01 wt % to 10 wt %, or 0.1 wt % to 5 wt %, or 0.2 wt % to 3 wt % of the
lubricating composition.
[0113] In one embodiment the antiwear package further comprises antiwear
agents other than those disclosed above.
[0114] In one embodiment the antiwear package does not contain a zinc
25 dialkyldithiophosphate.
[0115] In one embodiment the antiwear package does not contain antiwear
agents other than those disclosed above.
[0116]  Other antiwear agents include a non-ionic phosphorus compound with
phosphorus atoms having an oxidation state of +3, a metal
30 dialkyldithiophosphate, metal dialkylphosphate (typically a zinc di
dialkylphosphate), a metal dialkyldithiophosphate (typically a =zinc di
dialkyldithiophosphate), or mixtures thereof.



may be a mixture of tri- or tetra- sul phides. In other enbodi nents at
least 55 wt % or at least 60 wt % of tR2 pol ysul phi de nol ecul es may
be a m xture of tri- or tetra- sul phides. 30[0127] The pol ysul phi de

i ncl udes a sul phurised organi ¢ pol ysul phide fromoils, fatty acids or
ester, olefins or polyolefins. 24 (0128]G|s which may be sul furized
i ncl ude natural or synthetic oils such as mneral oils, lard oil,

car boxyl at e rs derived fromaliphatic al ols and fatty acids, or
al i phatic cdﬁﬁﬁ}w  Eample e ael,ta‘%l%n&@P@dfﬁﬂ%plmahﬁ?éﬁendie At to
and synt hetig #ngat pirat spzmtptggﬁczgae%pycg_:%t{zgﬁqgmﬁwégﬁ]da%?g%o%ﬁmé/di-

i nclude those that contain 8 30, 4 -car

Exanpl es of (hayl) ddbioghosphata)denoldei(€,3-dimedh8betyl)l ditblophosphatndinaldi-
oi | . Sul phurised fatty acid esters,. prepared.fromm xed unsat ur,ated
Patty actd depewd ittoisrhr st 3iTeavR Bt emiornes st BrivEgUSuDe
oi I's, includiingop@shhat! . kih@se?%ﬁ—(ﬁbﬁylPSO)&%?th%!sﬂ)haté apesged QiJdesnd
fish oil. 10[0130] The pol ysul phide includes olefins derived froma

wi de range ofithapespkateThencaldik-édedecyy piishiophosrdate, oriec odi-(dord ecydpidnyd
bonds. The ol.

ot ner ”embodiigeaosaRf fes BBTHea Toac ) 4ahaRo et oF BUrBE GeonE.

I n one embodipmest tBRasplehust sed ghef idalkpgindesistan intighe n Aed i ved-
from propyl ene, 1sobutylene, pentene or 15m xtures thereof [0131]In
one enbodi nenethylsopid) phosnbiaicd éinsohpleinyéspospbiigotiarid-(4Sr divesdh ¥lpwivl)
pol ymer i sin . techni efi.n sor i bed ove, ..
POLSTE 10 BRSSP A LEOE BRRH AR e i

t et rasul phi dehylsek yihwhiossichteretiny | diggbayl) ofhaebrite, aticddi-geephuslicsphate,
al kyl phenol , sul phuri sed 20di pent ene, su_I@lhuri sed dicycl opent adi ene,
sul phuri sed 8¢ pén@odasid) seiiosaldtes edndi dtdodedpheagtiuphgsphate, zine di-

phosphosul p j r o . ifier [0133]1n one
enbodi nent {tﬁébtﬁ,ﬁﬁlre%gtp?%gﬁcg%éélltx?lgjﬁé ?%rl%%gr conprises a friction
nodi fier. | nM0di®f er Extmehkodf nentsiodihepiasphdiuencomphfride withaphbeph?bus
presen% at Ow %to 5w % or 0.1 v% %,to w % ﬁ;{ 0.25w %to
3.5 wi 1% orateins hgving e oxidatgn et 13 ipclygle § phaspljte fstesy o npETEs

%to 0.5 W derbrt he diskrdSalddae&eiPeai df @R ndldibddd EH@sﬂh'bi'@st i:&lﬂpound
nodi fier includes fatty am nes, borated glycerol esters, fatty acid

ami des, non-ibolude edlvinan §yliepék idesnmnok latlied & af U§ Gepbxéthes, 30

al koxyl at ed atat & '191 s, borated al koxylated fatty am nes, netal

salts of fat st tty imdazolines, netal salts of alkyl

sal i cyl at es [pmy] al $9ohe cipbalmad the LasiatidetcengRstton fethal ceaptiSesoin

sul phonates (may al so be referred to as a . ]
organo-sulphide, or mixtures thereof. In one embodiment the organo-sulphide
comprises at least one of a polysulphide, thiadiazole compound, or mixtures
thereof.
[0121]  In different embodiments, the organo-sulphide may be present in a
range of 0 wt % to 10 wt %, or 0.01 wt % to 10 wt %, or 0.1 wt % to 8 wt %, or

25 0.25 wt % to 6 wt % of the lubricating composition.

Thiadiazole Compound

[0122] Examples of a thiadiazole include 2,5-dimercapto-1,3,4-thiadiazole,
or oligomers thereof, a hydrocarbyl-substituted 2,5-dimercapto-1,3-4-
thiadiazole, a hydrocarbylthio-substituted 2,5-dimercapto-1,3-4-thiadiazole, or
30 oligomers thereof. The oligomers of hydrocarbyl-substituted 2,5-dimercapto-

1,3-4-thiadiazole typically form by forming a sulphur-sulphur bond between



25 detergent), condensation products of carboxylic acids or

pol yal kyl enepol yam nes, or am des of hyd@dBoxyal kyl conpounds. [01351In
one enbodi ment the friction nodifer is another type of fatty acid
derivative. In one enbodinent the friction nodifier includes a fatty
acid ester 5 or partial ester of glycerol. Such a friction nodifier
may be in the formof a nmetal salt, an ami de, an im dazoline, or

m xtures thereof. The fatty acids may contain 6 to 24, qr. 8 to 18
carbon at ons%g‘ﬁflﬂﬁe’fcéﬂoyiéc%/‘ é‘aﬂ’&%OlBemBFSaHb%%]an GHligotess d’%tt-"vé’ha’f guore of
saturat ed orgungiditanednitoui tabl e acids include 2- ethyl hexanoic,
decanoic, oleic, stearic, 1sostearic, palmtic, nyristic, 10

pal nmi t ol ei c,[0KZHol eEsamblasrdfcy switedbld inadienile cavipdsnd anduddet kestdene of

fromthe natural products. tall almoil, oljve ail, pe . oil,
corn oil . arft eeasortatieste; HidBReChmadu hakitiefardial t o Attt
be ol eig acid.> ¥heRadigzd18e ﬁ,gtc?ﬂﬁgfrce@)téfﬂ,@[5]%iatd’iazto}’d3,i CH | ¥ sLingn TR

includes zinc or calcium an e products i nclude overbased and
non- over basdd, % bthiedagzolExanplapioaty beeadilgr baiweldbleal ciaieniald5 sght sas
and basi c oleLc,.acid-_zi I.t ..conpl exes. \When in the formof. an

o e the. cordneer bRl it ST e bveselyrebdall Aenaieme:
or with prinesy.-giadgeredary ammesoausias-sdbalthiedam gediardeapto-1,3,4-
di et hanol am ne. Wien in the formof an im dazoline, the condensation
product of dhiagdedzelennal be efiramionk eiiligedl yarhi A8-dinwncapso4l,3,4]-thiadiazole
pol yet hyl enepol.yam ne. .one. ephodi nent ...20 the frpction i.fier
oy e he obenThiPun SrBat HUaTe, Tl 48 EteFods PabREuF, the
and a pol yalikihishefpalyantbes antei iydpadath @ wWudktitubhegRupdueuded 1 to 30,
isostearic acid with tetraethyl enepentam ne. [01361l n one enbodi nent
the frictior? o4 €20, dpUdesr & tedfondary or tertiary am ne being
represented he r ol - hREL 810,138 929 rg. e -

i ndependent I[?X%ﬁiﬂil al &gl(ﬁgreg%ﬂ;%g?% tPeastagfélgct):igr 0 fﬁgn%lagr% %e Ll%gamn
hydr ogen, a prygduccdrdbyhengt ouith, amakighydexyid a dimatcaproghiadikydlegrihephenol

i ne- cont aj ni kyl . A detai | ed descripti f th
1ol b rodnrgrs s Aietend el r S ST e A0S 5396034
in paragraphg #(@nd 1492t Qriddr a3Rls0 lrﬁ%] Ai@elgg% iR %{gﬂ?ﬁﬁéﬁﬁ dnkfhin@n

nodi fier includes those forned by the condensation
hydr oxyal kyltocdngobmd awimh canaaeldcayiangyatent soch aas Erinablehpderor @seful

detail ed descri.ption of the. hydroxyal.k ompound is d ri-bed ..26.in
US. Pat ent - Bl o FoBRIoTSEs SO datlsHe b Shaners 09 et A IS
Bartl ey, Lahi sibis(BakrEthadd 11 PLomddibdbl@ar agrapsifdr hérgfh%éthyj-thfb—&
friction nodifier disclosed in US Paten%hef l'ication 60/ 725360 )

i ncl ud¥s an masicagtor(d phélsiadaezobss tsheh s 2nii-herrulReHIy dicoyRhen yhnethe] thioRd
and Re are 51 rocarbyl groups of at |east 6

car bon atongﬂg%ﬁgﬁkpfgQ%T%@gé%%9§¥%§ﬁn%%%ﬁgs%P“#Rfo 6 carbon atons or

a group forned2py theoseBAGOSALEMRhOThisdHhEb]1BYdeMAd kludsal Peast one of
t hrough a hydroxyl group thereof, with an acylating agent.
Preparat i ve Exanifaboayiitiatl Ssbthipdiarlanpl es 25 dmtert-pprylahiapss 68
and 69 of U - l 4 i £ : Oenbodi nment t he
am de of a ﬁ%}ga?lﬁ)a%@}ed@g%ﬂ g%' ﬂe%ﬂ%%%%@?ﬁpéf%ﬁ“%@%@%bti ng gl ycolic
acid, 2hat iBlyhwghideyacetic acid, HO CH7-COOH with an ami ne.

[0138] I n one enbodi nent the friction nodifier includes a reactiaon

product of dVd?0kochhiorgiemhpdi@epiont astceft dniord) thi RAYIRREE impolgeylgs
The frictio [ =T S 0 - pr.epar i Y
Exampl oo 1 and 5t FOLMREREFECer RERT IR BoRY @6k TaboFRTaE] b Ranss
enbodi ment twe%, rdrcdtilegst ridive P& ot ithe budes]phidesmotkeniasadaf bem mixture of
tri- or tetra- sulphides.
30 [0127]  The polysulphide includes a sulphurised organic polysulphide from oils,

fatty acids or ester, olefins or polyolefins.



the reaction product of a carboxylic acid or a reactive equival ent
thereof with an am noal cohol, wherein thé friction nodifier contains
at | east two hydrocarbyl groups, each containing at |east 6 carbon
atons. An exanple of 20 such a friction nodifier includes the
reaction product of isostearic acid or an al kyl succinic anhydride

Wi th tris-hydroxynet hyl am nonet hane. A nore detail ed description of
such a friction nodifjer is disclosed in US Patent Application

2003/ 22000 (1828t o iV ik mp B kg verdudooesd) on syniigtisgdipchs
and 9 to 14. 4N . j b Gl pfi-erd S
anal koxyl aiSd el eanel RIGE SAREHTER b, déve P R Ela oGl 48
al koxyl at ed fattg @abulssori diplesc catbedylio apias dgraphgridt9] ardt2dhdodleytSoleate),
Patent Application 2005/0101497. The al koxyl ated am nes are al so
described i §YP§F@ﬁW“§?EE§? §§mﬁﬁné§wﬁﬁﬁe?, line 15 to colum 9,
line 255 30[1@14d) | NFonRe LMHROMLIRIL (HbAE tldt] ShkQR JRABH 8F 12NG V8RS RN
hydr oxyl am ne conpound as defined in colum 37, [ine 19, to colum
39, line 38 admiS Paangries of Tathy 58idls 170ndOpi¢ionkhdlgid, Hmohgnde,cong tallndihe
i ncl udes bor d as .such products are scrihed,in col 9, Line 39
o col . 40P SR iDaPRERR SuBad To0t isca bt BiRusicane

the frictionygRdisf i@r odthGlel dRSmaghiflak x| AdedeNMe 819 -inclﬁ&'ing tall oil,
et hoxyl ated am ne derived from 1.8 % Et honeen T-12 and 0. 90 5% Tonmah

PA-1 as desdnispedoilnsasampbd, BpefeedSiPanedish®il703, 023, col unm 28,

i nes to O h sui,t ahl e .al koxyl at ed.am ne c ounds_incl ude

conner%?al A?E%§b|a?é81¥%¥%§P§%Fn%§ﬁ%ﬁ% 6%95fﬁgv?$gﬁgﬁa?ﬁwx¥ﬁﬁﬁﬁﬁé¢'
and avai | abl gkéfeamMMezOkNRRGYpicREPHESE BhAbT W reXaiPleafonat. tieSRefins in
ETHOVEENTmM materials is ETHOVEENTmM C/ 12 (bi s[ 2- hydr oxyet hyl ] -coco-_10
ani ne) ; ETHOVEENTPREMZOt cHERiiok ye BAyIaghaa] qt@}r@oc@a@ﬂlﬁléymbeglﬂmmﬁns

S/ 12 (bis[2- - t hyl ] sey.and , T ) :
Cbi o 2 hytr SOYSERAY 18 Dt B oy Eibpr RN i fadiment the sulphurised
( pol yoxyet hydlefie[ infludkes auwaml¢fe) ;deETEOMEENT m&fyléhe, isobutylene, pentene or

(bi s[ 2- hydroxyet hyl ] ol eyl -am ne); ETHOVEENTm 18/ 12
(bi s[ 2t hydr dRYEERY }Setadecyl ami ne); and 15ETHOVEENTm 18/ 25

(pol yoxyet hylhgagl 151@6&@%%%}6%1&3&&%& p%f'}tshgg[kgﬁ% @%ﬁg%?&{gﬁgg%ﬁfﬁ{ ??rri]ved

fatty am nes are al so described in U’'S. [ 0143
one enbodi nememipeéyrhenighg op kmodnf teemiqmes, adesefm podgsotibedstmrveas

descri bed i Patent 5, 750,476 col u 8, l.ine 40.to.colym 9, .li.ne
26 L0144 | NO0FH onbaRRSEEHASH e, oW HRRICF Br oo A Brpipyphide.
potency 20 fgilsHurRBd 'MRekh] @EtefSUSREd abRd sulpHdBisER 1Y pReiBA0 c8BRutifed
colum 2, line 28 to colum 3, line 26. US Pat ent 5,848,662 further
di scl o3@s i rdipentamn s3lphurised 48yl peotadines sulphnesbtesprigi fid sulphurised
materi al s ang. ds r [ t.-he. | otency friction nodifier.
[0145] I n onggggg%Pfﬁ@ﬁ?£gﬁ@ﬁggP%@%@%Hﬁggﬁw&gyx?ﬂ%ﬁﬁdes a reaction
product 25 dfri@fbn Seadtdrsed al kenyl substituted succinic anhydride

and a pol yami ne as described in US Patent 5,840,663 in colum 2,
lines 18 to [8333Ispedi pie cathodinpinths lopriediing eompodorddithgregomprises a
descri bed i , 840, are . di.scl : i :

[ ne. 23 to dramn oo, "3 ARt Patihighu AE AERTn BofRldHad be
di scl 03®d i presdntian 04yt Y4 taes 45 %.00rc@Il U650 4 IMI€s 30t @D S WG BABBL Rt %,

5,840,663. 28 [01461In one enbodi nent the friction nodifier includes
an or 0.5 wt % to 2.5 wt %, or 1 wt % to 2.5 wi %, or 0.05 wt % to 0.5 wt % of the

lubricating composition.

[0134]  The friction modifier includes fatty amines, borated glycerol esters,

fatty acid amides, non-borated fatty epoxides, borated fatty epoxides,
30 allkoxylated 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



al kyl phosphonat e nono- or di- ester sold comercially by Rhodia under
t he trademark Duraphos(r) DMODP. [0147] Bh one enbodi ment the friction
nodi fier includes a borated fatty 5 epoxi de or al kyl ene oxi de, known
from Canadi an Patent No. 1,188, 704. These oil-sol uble

bor on- cont ai ni ng conpositions may be prepared by reacting, at a
tenperature of 80 Cto 250 C, boric acid or boron trioxide with at

| east one f xi de .or al kyl ene oxi de. e fatt oxi de _or
o iyl eno ot It ESRT A HRg ShssRon MEOTICTT o cabRR Borpiora HIyHlkyiene-

fatty gr oups, arhih@s QRO iEEs bORydBSyARA &Mﬁﬁmﬂldgr oups of the al kylene
oxi de). [0148] The borated fatty epoxi des include those characterised

by the net hd@lﬁir t hebne pn@péna@ntcthe\fhpnm mvdofev es andiber petafdattpfacid

t terial t A includ
vari ous T or METSATRGr T ot eTaHOR B 105 et apar ot ging M ) Seid oster
orthobogic Qﬁ'ﬁlﬁw&(@&) oﬁiﬂ}}c&%‘l r aﬁféﬁ' a@fﬁi’&l(ﬁ] ﬁ}bﬂﬂi?@l‘%ﬂ@?lje iBIh@Form of a

orthoboric acid. Reagent B’includes at |east one fatty epoxide. The
mol ar rati o ro¢tal edlgemt arpideo an daidarpliBe.maymbduige ibergpf. mie datppagigs 111&1!

or epar ed by BRERSHS Thett St e PR ARG ARG wERTRRECR:

of 80C to 25@ralaht@haik00 s@tifr&ed00iC, ufRkuratdder i ogudblbi MRid&Uf fctidnt 2-
for reaction to take place. If desired, the 20 reaction may be

ef fected i n athdhprassihcedeseneics uipseiant BleRTig, | Heptearipor paMIicy | guirigtic,
or gani d' ! gl%'i]l%ﬂtf)fgll{ lﬂ%l&% a5?1%C51|'1_&) 1’1101’¥?I§ eﬁm'd% aei‘ldot!llgea%&nig?}gat}/l%t?ﬁtural

renove ion rrca I Scosi't

| ubri catl ng pRbdu@oRns.tpan dincidesil, qﬁauﬁﬁbxlworawﬁg hat iNcadis| f5o0bil 2
| ubricating viscosity, oil derived from hydrocracki ng, hydrogenation,
hydr of i ni shia¥g, eabriimsretiedaty acik m,a,@@e&rﬂglcraéuc} e hf8dndhe §0%Eh8f a metal

m xt ures theyeof r C
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anot her enbodi nent from decene. [0152] I n one enbodi nent the oil of

| ubri c i ng the Sdeisen yodsfierrimay bethe geikleasatioy gdpet @f a fatty acid with Cs to
Css4 atoms, and a polyalkylene polyamine, and in particular, the product of

1sostearic acid with tetraethylenepentamine.
[0136] In one embodiment the friction modifier includes a secondary or
tertiary amine being represented by the formula R*R°NR®, wherein R* and R°
25 are each independently an alkyl group of at least 6 carbon atoms and R® is
hydrogen, a hydrocarbyl group, a hydroxyl-containing alkyl group, or an
amine-containing alkyl group. A more detailed description of the friction
modifier is described in US Patent Application 2005/037897 in paragraphs 8
and 19 to 22.
30 [0137] In one embodiment the friction modifier includes those formed by
the condensation of the hydroxyalkyl compound with an acylating agent or an

amine. A more detailed description of the hydroxyalkyl compound is described
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seal swelli rtgatagze]nﬂescr@lm@nﬁbf(tSUCESa tthietie®fmodifier is disclosed in US Patent

Application 2003/22000 (or International Publication WO04/007652) in
paragraphs 8 and 9 to 14.

25 [0140] 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.

30 [0141]  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
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the viscosi t%hﬂ%g@f hile i@cb%dlgaﬁegtog %hé%gﬂtﬁ?ﬂﬁg‘z discloses in column 3, line 48
to column 6, line 25 specific materials and methods of preparing the low

potency friction modifier.
[0145] In one embodiment the friction modifier includes a reaction product
25 of an 1somerised alkenyl substituted succinic anhydride and a polyamine as
described in US Patent 5,840,663 in column 2, lines 18 to 43. Specific
embodiments of the friction modifier described in US Patent 5,840,663 are
further disclosed in column 3, line 23 to column 4, line 35. Preparative
examples are further disclosed in column 4, line 45 to column 5, line 37 of US

30 Patent 5,840,663.
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Qils of Lubricating Viscosity

[0149]  The lubricating oil composition includes natural or synthetic oils of
25 lubricating viscosity, oil derived from hydrocracking, hydrogenation,
hydrofinishing, and unrefined, refined and re-refined oils and mixtures thereof.
[0150]  Natural oils include animal oils, vegetable oils, mineral oils and
mixtures thereof. Synthetic oils include hydrocarbon oils, silicon-based oils,
and liquid esters of phosphorus-containing acids. Synthetic oils may be
30 produced by Fischer-Tropsch gas-to-liquid synthetic procedure as well as other

gas-to-liquid oils. In one embodiment the composition of the present invention



33 [0176] The foll owi ng exanples provide illustrations of the

i nvention. These exanpl es are non-exhau%ive and are not intended to
limt the scope of the invention. EXAMPLES 5[0177] Gear O |
Lubricants (CE1 to CE3 and EX1 to EX2): A series of gear oil

| ubricants are prepared containing a blend of base oils (40 wt %
Yubase 4, 40 wt % pol yal phaol efin, 10 wt % 2- et hyl hexyl adi pat e), and

a gear oil concentrate. The gear 0|I concentrate once_ bl ended
conprises 119 Wieluk gthegormpieiedi éhet sEastto(iHEd ueilng Q%ﬁtéﬁﬁ?hﬁﬁéﬁropsch

amounts of quld%}'ﬂqns%ljwé%esg%?b% 01S01 ensed

2,5-bis(tert-nonyldithio)-1 |azo e, and 3 wt % of
sul phuri sed [0L&f]i n. Id norsed dintbaaiimihie t@eabam loil Wammrésets s a c polyalpghaolefin

Amount of HAEREIT o SRR He IO far PRLLS” (RROOH. BHESEhatuS AR eniThe
(ppm GE1 Oqﬁ?yz@pl@ao@@tﬂt (Fen0 hidiflent is prepared from dodecene and in another

embodiment from decene.
[0152] In one embodiment the oil of lubricating viscosity is an ester such as
an adipate.
[0153] In one embodiment the oil of lubricating viscosity is at least in-part a

10 polymer {(may also be referred to as a viscosity modifier) including
hydrogenated  copolymers of  styrene-butadiene, ethylene-propylene
copolymers, polyisobutenes, hydrogenated styrene-isoprene polymers,
hydrogenated isoprene polymers, polymethacrylates, polyacrylates, polyalkyl
styrenes, alkenyl aryl conjugated diene copolymers, polyolefins, esters of

15 maleic anhydride-styrene copolymers, esters of maleic anhydride-olefin
copolymers, and mixtures thereof. In different embodiments the polymer
includes polyacrylates, polymethacrylates, and esters of maleic anhydride-
styrene copolymers, polyisobutenes or mixtures thereof.
[0154] In one embodiment the lubricating composition contains an oil of

20 lubricating viscosity containing mixtures of a viscosity modifier and an API
Group III or IV base oil. In one embodiment the lubricating composition
contains a synthetic oil of lubricating viscosity.
[0155] Oils of lubricating viscosity may also be defined as specified in the
American Petroleum Institute (API) Base Oil Interchangeability Guidelines. In

25 one embodiment the oil of lubricating viscosity comprises an API Group I, II,
III, IV, V, VI base oil, or mixtures thereof, and in another embodiment API
Group II, II1, IV base oil or mixtures thereof. In another embodiment the oil of
lubricating viscosity is a Group III or IV base oil and in another embodiment a
Group 1V base oil.

30 [0156] The amount of the oil of lubricating viscosity present is typically the
balance remaining after subtracting from 100 wt % the sum of the amount of

the compounds of the present invention, the friction modifier, the conventional
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t he product of Preparative Exanples. HP30s a Phosphoric Acid product
fromone of the Preparative Exanples 1 to 4, or Preparative Exanples
6 to 8 (see preparative exanpl es above). [0178] The gear oils are
tested for performance at high speed, |ow torque, 20followed by |ow
speed, high torque. The nethodol ogy is the sane as ASTM D6121. The
results obtained are: . _
phosphorus antiwear and/or extreme pressure agent, the organo-sulphide, and
the other performance additives (described below).
[0157] In one embodiment the lubricating composition may be in the form
of a concentrate and/or a fully formulated lubricant. If the antiwear package,
5 and the other performance additives may be in the form of a concentrate (which
may be combined with additional oil to form, in whole or in part, a finished
lubricant), the ratio of the components of the lubricating composition to the oil
of lubricating viscosity and/or to diluent oil include the ranges of 1:99 to 99:1
by weight, or 80:20 to 10:90 by weight.

10 Other Performance Additive

[0158] The composition of the invention optionally further includes at least
one other performance additive. The other performance additives include metal
deactivators, detergents, dispersants, viscosity modifiers, dispersant viscosity
modifiers, antioxidants, corrosion inhibitors, foam inhibitors, demulsifiers,
15 pour point depressants, seal swelling agents, and mixtures thereof.
[0159] In different embodiments, the total combined amount of the other
performance additive compounds may be present at 0 wt % to 25 wt %, or 0.1
wt % to 15 wt %, or 0.5 wt % to 10 wt % of the lubricating composition.
Although one or more of the other performance additives may be present, it is
20 common for the other performance additives to be present in different amounts
relative to each other.
[0160]  Antioxidants include molybdenum compounds such as molybdenum
dithiocarbamates, sulphurised olefins, hindered phenols, aminic compounds
such as alkylated diphenylamines (typically di-nonyl diphenylamine, octyl
25 diphenylamine, or di-octyl diphenylamine), or mixtures thereof.
{0161]  Detergents include neutral or overbased detergents, Newtonian 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,
30 an alkylsalicylate, and a salixarate mixtures.
[0162]  Dispersants include N-substituted long chain alkenyl succinimides,

as well as Mannich condensation products as well as post-treated versions
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thereof. Post-treated dispersants include those by reaction with urea, thiourea,
dimercaptothiadiazoles, carbon disulphide, aldehydes, ketones, carboxylic
acids, hydrocarbon-substituted succinic anhydrides, nitriles, epoxides, boron
compounds, and phosphorus compounds, mixtures.

[0163] In one embodiment the dispersant is a borated dispersant, typically a
borated polyisobutylene succinimide. Typically the number average molecular
weight of the polyisobutylene ranges from 450 to 5000, or 550 to 2500. The
borated dispersant may also have friction performance.

[0164] In different embodiments, the dispersant may present at 0 wt % to 10
wt %, or 0.01 wt % to 10 wt %, or 0.1 wt % to 5 wt %, of the lubricating
composition.

[0165] Viscosity modifiers include hydrogenated copolymers of styrene-
butadiene, ethylene-propylene copolymers, polyisobutenes, hydrogenated
styrene-isoprene polymers, hydrogenated isoprene polymers,
polymethacrylates, polyacrylates, polyalkyl styrenes, hydrogenated alkenyl aryl
conjugated diene copolymers, polyolefins, esters of maleic anhydride-styrene
copolymers, esters of maleic anhydride-olefin copolymers, or mixtures thereof.
[0166] In one embodiment the viscosity modifier is other than olefin
copolymers, typically ethylene-propylene copolymers.

[0167] In one embodiment the viscosity modifier includes polyisobutenes,
polymethacrylates, polyacrylates, esters of maleic anhydride-styrene
copolymers, esters of maleic anhydride-olefin copolymers, or mixtures thereof.
[0168] In one embodiment the  viscosity modifier includes
polymethacrylates.

[0169] In different embodiments, the viscosity modifier may be present at 0
wt % to 70 wt %, or 1 wt % to 65 wt %, or 5 wt % to 60 wt %, or greater than
12 wt % to 55 wt % of the lubricating composition.

[0170]  If viscosity modifiers with a low number average molecular weight
(i.e., 20,000 or less) are employed, higher treatment rates are typically required.
In some instances the treat rate may be sufficiently high that the viscosity

modifier becomes a significant replacement for base oil (or the oil of
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lubricating viscosity). As such the viscosity modifiers may be viewed as a

synthetic base stock, or as a component of the base oil.

[0171]  Dispersant viscosity modifiers (often referred to as DVM) include

functionalised polyolefins, for example, ethylene-propylene copolymers that
5 have been functionalized with the reaction product of maleic anhydride and an

amine, a polymethacrylate functionalised with an amine, or styrene-maleic

anhydride copolymers reacted with an amine; these may also be used in the

composition of the invention.

[0172] Corrosion inhibitors include octylamine octanoate, condensation

10 products of dodecenyl succinic acid or anhydride and a fatty acid such as oleic
acid with a polyamine, or a thiadiazole compound described above. Metal
deactivators include derivatives of benzotriazoles (typically tolyltriazole),
1,2,4-triazoles, 2-alkyldithiobenzimidazoles, 2-alkyldithiobenzothiazoles, or
benzimidazoles.

15 [0173] Foam inhibitors include copolymers of ethyl acrylate and 2-
ethylhexylacrylate and optionally vinyl acetate. Demulsifiers include trialkyl
phosphates, polyethylene glycols, polyethylene oxides, polypropylene oxides
and (ethylene oxide-propylene oxide) polymers. Pour point depressants include
esters of maleic anhydride-styrene, polymethacrylates, polyacrylates or

20 polyacrylamides. Seal swell agents include Exxon Necton-37™ (FN 1380) and
Exxon Mineral Seal Oil (FN 3200).

Industrial Application

[0174] The method of the invention may be useful for lubricating a variety

of driveline devices. The driveline device comprises at least one of a gear, a
25 gearbox, an axle gear, a traction drive transmission, an antomatic transmission

or a manual transmission. In one embodiment the driveline device may be a

manual transmission or a gear, a gearbox, or an axle gear.

[0175] The automatic transmission includes continuously wvariable

transmissions (CVT), infinitely wvariable transmissions (IVT), Toroidal
30 transmissions, continuously slipping torque converted clutches (CSTCC),

stepped automatic transmissions or dual clutch transmissions (DCT).
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[0176]  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
5 [0177] Gear Oil Lubricants (CE1 to CE3 and EXI to EX2): A series of gear
oil lubricants are prepared containing a biend of base oils (40 wt % Yubase 4,
40 wt % polyalphaolefin, 10 wt % 2-ethylhexyl adipate), and a gear oil
concentrate. The gear oil concentrate once blended comprises 1.2 wt % of
borated dispersant (including conventional amounts of diluent), 0.1 wt % of
10 2,5-bis(tert-nonyldithio)-1,3,4-thiadiazole, and 3 wt % of sulphurised olefin. In
addition the gear oil lubricants contain components as summarised in the
following below.
Amount of | Amount of HP | Isotridecyl Phosphorus
THP (wt %) Tartrate Content
(wt %) (wt %) (ppm)
CE1 0.59 0 0 500
CE2 0 0.63 0 500
EX1 0.59 0 1 500
EX2 0.63 1 500
CE3 0 0 1 0
Footnote:
15 THP is the product of Preparative Example 5.
HP is a Phosphoric Acid product from one of the Preparative Examples 1 to 4, or
Preparative Examples 6 to 8 (see preparative examples above).
[0178]  The gear oils are tested for performance at high speed, low torque,
20 followed by low speed, high torque. The methodology is the same as ASTM
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Each of the documents referred to above is incorporated herein by
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Formula (Ib), and 1 to 10 for Fornula (la); pis
present in the commercial material, unless otherw1se mdlcated It is to be

10 understood that the upper and lower amount, range, and ratio limits set forth
herein may be independently combined. Similarly, the ranges and amounts for
each element of the invention may be used together with ranges or amounts for
any of the other elements.

[0182] As used herein, the term "hydrocarbyl substituent" or "hydrocarbyl

15 group" is used in its ordinary sense, which 1s well-known to those skilled in the
art. Specifically, it refers to a group having a carbon atom directly attached to
the remainder of the molecule and having predominantly hydrocarbon
character. Examples of hydrocarbyl groups include:

(i) hydrocarbon substituents, that is, aliphatic (e.g., alkyl or alkenyl),

20 alicyclic (e.g., cycloalkyl, cycloalkenyl) substituents, and aromatic-, aliphatic-,
and alicyclic-substituted aromatic substituents, as well as cyclic substituents
wherein the ring is completed through another portion of the molecule (e.g.,
two substituents together form a ring);

(i1) substituted hydrocarbon substituents, that is, substituents containing

25 non-hydrocarbon groups which, in the context of this invention, do not alter the
predominantly hydrocarbon nature of the substituent (e.g., halo (especially
chloro and fluoro), hydroxy, alkoxy, mercapto, alkylmercapto, nitro, nitroso,
and sulphoxy);

(iii) hetero substituents, that is, substifuents which, while having a

30 predominantly hydrocarbon character, in the context of this invention, contain

other than carbon in a ring or chain otherwise composed of carbon atoms; and
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What is claimed is:

1. A method for lubricating a driveline device comprising supplying to
the driveline device a lubricating composition comprising an oil of lubricating
viscosity and an antiwear package, wherein the antiwear package comprises:

(a) 0.025 to 2.5 wt % of an antiwear agent which may be represented by

a compound of Formula (1a) and/or (1b):

RL—yv X

P
Formula (1a)

Formula (1b)
wherein

n’ is 0 to 10 for Formula (1b), and 1 to 10 for Formula (1a);

pisltob;

Y and Y’ are independently -O-, >NH, >NR3, or an imide group formed
by taking together both Y and Y’ groups in (1b) or two Y groups in (1a) and
forming a R*-N< group between two >C=0 groups;

X is independently -CHz-, >CHR* or >CR*R®, >CHOR?®, or >C(CO2R®).,
-CHs, -CH2R* or CHR*R®, -CH,0R®, or -CH(CO2R®%),, =C-R®, or mixtures
thereof to fulfill the valence of Formula (1a) and/or (1b), with the proviso that
=C-R® only applies to Formula (1a) and -CHs, -CH2R* -CHR“R®, -CH.OR®,
-CH(CO2R®), do not apply to Formula (1b);

R® and R? are independently hydrocarbyl groups;

R3 is a hydrocarbyl group;

R* and R® are independently keto-containing groups (such as acyl

groups), ester groups or hydrocarbyl groups; and



10

15

20

25

30

38

R® is independently hydrogen or a hydrocarbyl group, typically
containing 1 to 150 carbon atoms; and

(b) 0.05 to 2.5 wt % of a phosphorus compound,

wherein the phosphorus compound is an amine or metal salt of a

phosphorus compound that is either:

(i) a hydroxy-substituted di- ester of (thio)phosphoric acid, or
(i) a phosphorylated hydroxy-substituted di- or tri- ester of

(thio)phosphoric acid.

2. The method of claim 1, wherein the amine or metal salt of a
phosphorus compound is a hydroxy-substituted di- ester of (thio)phosphoric acid.

3. The method of claim 1, wherein the amine or metal salt of a
phosphorus compound is a phosphorylated hydroxy-substituted di- or tri- ester of
(thio)phosphoric acid.

4, The method of claim 1, wherein the phosphorus compound is
either:

(1) a hydroxy-substituted di- ester of phosphoric acid, or

(ii) a phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid

5. The method of any one of the preceding claims, wherein Formula
(1a) and (1b) have at least one X that is hydroxyl-containing.

6. The method of any one of the preceding claims, wherein the
compounds of Formula (1a) and (1b) are derivatives of a hydroxycarboxylic
acid selected from the group consisting of imides, di-esters, di-amides, di-
imides, ester-amides, ester-imides, and imide-amides.

7. The method of claim 6, wherein the derivatives of
hydroxycarboxylic acid are selected from the group consisting of imides, di-
esters, di-amides, and ester-amides.

8. The method of claim 6, wherein the derivatives of
hydroxycarboxylic acid are derived from tartaric acid.

9. The method of any one of the preceding claims, wherein the
antiwear package is present at 0.01 wt % to 10 wt %, or 0.05 wt % to 5 wt % of

the lubricating composition.
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10.  The method of any one of the preceding claims, wherein the
lubricating composition has a sulphur-content of greater than 0.3 wt %, or
0.4 wt % to 5 wt % of the lubricating composition.

11.  The method of any one of the preceding claims, wherein the
driveline device is a manual transmission or a gear, a gearbox, an axle gear, or
an automatic transmission.

12.  The method of any one of the preceding claims, wherein the
driveline device is a manual transmission, a gear, or a gearbox.

13.  The method of any one of claims 1 to 11, wherein the driveline
device is an automatic transmission or an axle gear.

14.  The method of any one of the preceding claims, wherein the
lubricating composition further comprises an organo-sulphide.

15.  The method of claim 14, wherein the organo-sulphide comprises
at least one of a polysulphide, thiadiazole compound, or mixtures thereof.

16.  The method of any one of the preceding claims, wherein the
lubricating composition further comprises a viscosity modifier selected from
the group consisting of polyisobutenes, polymethacrylates, polyacrylates, esters
of maleic anhydride-styrene copolymers, esters of maleic anhydride-olefin
copolymers, and mixtures thereof.

17.  The method of claim 16, wherein the viscosity modifier is a
polymethacrylate.

18.  The method of claim 16 or 17, wherein the viscosity modifier is
present at 5 wt % to 60 wt %, or greater than 12 wt % to 55 wt %, of the
lubricating composition.

19. A driveline device lubricated by the method of any one of the

preceding claims.



