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 antiwear 5package. The
invention further relates to a nethod of lubricating 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 fIImI‘tfé’?(ATFs), 10 and manual
transm ssi on fl uhdeweMIEshposipivesadtMbihghloy Labskheng Dageline rolcegi cal

probl ens and sol utions for sati sf ingothe mul tiple and often
conflicting lubricating requi rewmi ding durability and
cl eanliness. One ff; ﬂll&?n% v ¥l 3dls aol%rb?iﬁgtthg% 501&11954&85'%5&%192%g{?'glﬂi{v)éar

is the effectiveness o phorus antiwe or extreme pre

addi ti ves atpapkegd. dThgirikenter ifcekerwictdiesafopr optliat ef uwbeicedtg omeaechdrical
various condjtions of |oad and, speed, er, .many of the phosphorus
antiwear or f%ﬁ%l%rlégtg%ﬁ Ereciries Wik R OAICA G PmaPSitiphe. (o

i ncreasing environnental goReRICROUNIS (BF ¢pgNBeypNTIeNPhUr in
antiwear or extrenme pressure additives Is becomng Iess desirable. In
addi ti on, ndf90llubr Lobtitags ¢omposdl tieqrsyar dranainmiting denvidesdsuchoas gears or
extrene 20pressure.additives evolve.vol ati] e sul phur speci gs.

Fesul U g | TRTRRAI P 0 B B ey Ao RS OR OB icRe(ATFS),
envi r oparent . anli00@2hhtl UBLisGALiNY FRAPROSINITES))haytddgnt hEichOF I €84llenging
bal ance of phosphorus antiwear or extrene pressure additives provides
drivel i ne pdegmoleginanprablenys dedi sestiong Hoprsetisiyiel the fmeuldipte and often

efficiency wth.controlled .deposit. formation. and .gxi dat.i on...

stabi 1oy TSRVERE [ BrEngh ot el o PhGT, VS ibdBiny  ane
addi tives emiayedsdavend o edimydrea i yeasbabd lihfiendiQ MuBRRRSI 1S the
or increase corrosion. In addition, many phosphorus antiwear or
extrenme presShcHverss Of phesRhPERCHI Weas SRt ITAmSUITpisure additives stagoyiding
in an pdoro I q..G . :

ant el or S naBE b AATRS el G0 OB A R B R R ROR W speea.
di scl osi ng dldwwear edsmostthy pli@plbssussededrebovextlef203tddsutdahdditives

5,338,470 di scl oses_ al kyljst ed citric acid _derivatives obtained as a
reacti on pr cHRIN GRIRNY T i BUadp dNGIfasiEs AVRPNMEPEL HEONCES g fihBIesTifE 0D
al kyl ated cidyf [ FVRtdYenlsS pak tIM&AS b .
and i cti on ey rrer SRBb oA 0 GRRene YT 13 R U HE R RSl
tartrim des lusadditions neagi hubviesting compositiasr coeainsn@nrdtifnget orf ortreme

effective reduction in. squeal an Hicti%n as well as.5i n;[:l)rove nt i
fuel e nom’p'ressure additives' evolve volatile sulphur species resulting 1 an odour an

potential detriment to health and the environment.
[0002] 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 am nes, and (C) a basic alkal
nmetal salt of sul phonic or carboxylic acid. 10 [0006] U.S. Patent
4,326,972 discloses |ubricant conpositions for inproving fuel econony

of internal usti.on engai nes. .The c sition ingcludes a.speckfic

aul phur 1 sed TONESE: GG, ORLAE i o QLRI % lfibey P SBRGY g
a basi c al kahedifet.al sul phonate. [0007]U. S. Patent Application

60/ 862534 (PCT/ U5071082057) discl oses 15mal onate esters suitable as

antiwear agdBPe4] [ 060B] Pafcar Had370Wa dpghisee dbitomidee pods) @8 Addiives in
et oses o iIRBHEAR S8 ALA AL GHINIE P AALDRXKIL 36k 4 R00, TNk
pol year boxyl'rc acid esters in conbinati on w osphorus-contal ni ng

addi ti ves. Therphasqphon tisel @osi@hni ng addi tives include zinc
di hydrocar byl di t hi OE]hOS hat es and/ or neutral ph,osEhoru_s 20conpounds,
such as triil80030 pHoxpRateat ot:914-p HheH§tpsrss Psicating otiht @mpgsgions for

| ubricants [ ' I We 0) 1t ek '
PubIicationqbﬁ?%%g%%gﬁﬁﬁiﬁ%gF§§PJg§§h%§€%af%hﬁﬁﬁﬁ#?ﬁkg%ﬂgkgggﬁh?Jg?a
| ow ash | ubrdacantyiicotqrositivie oprodocddaibyi rgcdng ar sutatigicestydatingrgann déth
having 1 to 150, carpon ato per . ester or anmde group, The |ubrjcan
25conposi ti GiY A YRR B e s inﬁ-‘éala%%_tiq{tsefp%grucc%%a'éwéﬁ acid.
engi nejg SUN“{’&E%(]]OF UhE | M{Eﬁ{“ MN6[R9104; T8 sdsnV RILRA St oémhﬁé‘siﬁ&ass for
i nventi on have di scovered that a lubricating conposition and nethod
as di scl osedniper€eing fusl capabhe of iperoal domyusicoeptgines | €helenglosdton

| east one of. (;i), sul phur. (typically reducing.or preventjng_.em SSions
301 1 om et 40P # eProtie PR ES b Ho PN ARG BY GSNEF i BV
fuel economylcafyfanai£5HeY0 alkli metalovlslafagn control (typically reducing
or prevent] n[%()073] 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), (i1) fuel economy/efficiency (typically improving fuel

economy/efficiency), (iii) 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 g erein the tal salt _caontains .
rono- val ent varorys S L8 BT Mekunn 3 Vot Bty Rt aftpapure
one enbodi Ngfkfdri@ntOUepica DY rehewi gesp@venbid)caid ng) egpasdohtron
1OConprisin%£an oil of lTubricating viscosity and an antiwear package,
wher ei n t he @R weatn pae kREGE LB rthe daventign IOWEEs pdtbieatpi gpmposition
hydr oxycar bo c.acld: - ] l4t...0 u o
conmpound ( m@@rg%ﬁ%gq P lelfa({e}ﬂ }‘éﬁéf#g&a‘?g%%%giﬁdgg sglggvr%bg)% glgé%h%é}g or Efée
conpounsl) . Ibtkhdphckappeoaipbrdi:ment the invention provides a

| ubricating conposition conprising an oil of lubricating viscosity
and an antiwear gacRagEY2 WPt AYTRSYSHPPHEN 2Packiye conpri ses: (a)
a derivative of bﬂ)ﬁ%ﬁﬁ&&f 13%#91&){%%11%5 R &?Apo%ﬂd?v%é}@inqﬁe PRta@balt
salt of a phosphorus conpound that 1s el ther (1) a

20hydr oxy- subst i t ut egntdlins a@sinervabdnt (iteldl ¢Juph as pirbuincliddind pr petagsiviny). a

phosphoryl at ydroxy-substituted di- or. tri- ester of | »
(thi o) phospdﬁﬁlﬂ actHONE GOPRTITFLGRE TeYABHARRIAYIcERa HhRjeAfinecspmposition

provi dgs a |d§?ﬁ I ftd BY oRUTAsH E4iBIY ﬁ@éﬂ%‘it&%ﬂ'ﬂ%@ﬁlt%éarg{ackﬁy LWhRldiRhe

Vi scosity an n anti wear package,” wherern the antiwe package
conpri ses: 2btiaecaapaciugewearpragent whi ch may be represented by a

conpound of For rm(la?a(dleial)vaggg éto g hglél%)x:ycargggf\[l‘% gcigi;l aﬁa 4 RELY
(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 (i) 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):

Ry ‘ (X
/.

Formula (1a})
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(X)n Formula (IDb) wherein 5n" is 0 to 10 for

Formula (Ib), and 1 to 10 for Fornmula (14); 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);

pis 1 to 5;

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 >CR*R’°, >CHORS, or >C(C02R6)2,
-CHs, -CHR* or CHR'R®, -CH,0R?, or -CH(CO:R®),, =C-R® (where =equals
three valences, and may only apply to Formula (Ia)) or mixtures thereof to
fulfill the valence of Formula (la) and/or (1b) (typically the compound of
Formula (la) or (1b) has at least one X that is hydroxyl-containing (i.e.,
>CHOR6, wherein R® is hydrogen));

R! and R? are independently hydrocarbyl groups, typically containing |
to 150 carbon atoms;

Riisa 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 (ii) a
phosphorylated hydroxy-substituted di- or tri- ester of (thio)phosphoric
acid.
[0015] When X is hydroxyl-containing, the compound Formula (ia) 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(CO2126)2, (where =equals three val ences, and
may only apply to Formula (la)) or mxtures thereof to fulfill the

val ence of FE | a a d/ or b typi cal l he conpou of
For mul & (1 a)0Bfel | bw i 30515 Phart b4l Bt i stﬂh%/&%&?y?@‘{c]gﬁ?t”a“i“%% g
(i.e., 15>CHRfHr Wer gl RO dsiveadreaehlonic acid, l@alizndci®? ddl@ophenyl

i ndependent |y hydrocarbyl groups, typically containing 1 to 150

car bon at onsghalpgiciagidaohpirtaeatisydotgr oup: R4 and R5 are

i ndependent | t o- cont ai_nikng. gr S. S I ) :
groups or hy[gggﬁar b)f;ﬂl 0638{}%’;8 ;gu%ﬁlglff?e Hgvseg%_gn %lsovi%% e%ég%{eo(rﬁjﬁ)? IH?/I ‘?atélgé "
or a hyslrocanbylingrdse tyRbaghl ysugpphtiag nonghel drivell®d deatdeon atboivsting
and (b) an amne or netal salt of a phpsghorus conpound t hat Uaylpg
ei ther (i) eomposition comprising agyail ekjubsigaEng tvificesitypod @gagfivsar package,
(t hi o) phosp i.c. agi d i oryl y Vs [ d
di - orester nglﬁérgltlﬁiﬁlg) %ﬁgygepa%3#%%%%?%?%8%1%%\%%@%&5iog{p&%ﬁy?ﬁ) i

hydr oxyl - contig) (dsnigfinkd eboosipadndplkapivha dolnppumdffiraxafp), anphysiisrus
derived from ik‘:ﬁ/droxycar boxylic acids such as tartaric acid,_citric

acid, or m Acli esan pRisTehered Koy pealb fhEreR ox thessalor! Hy e EEpereelnt bivisally,
t he coqgpound,E ﬁﬂﬂhﬁ»4§§ﬁn 496 ofll ey be derived from nalonic
i a@I & ch ptﬂcgjg{ I '

acid, oxalic oro yl "mal onic acid, or m xtures thereof.
[ 0017] I n ond0étfjodi irenhe Embotimvantthe inyentvh gesvidesre thnodcedtiog composition

| ubricating a 5 diiveline device conprising supplying to the .
driveline d&Pry¥ISNg gbei &53%%&6}%@55%‘#% GG 418 PARKA5S Wrein the
lubricating MkiseasbhdkadBdoffriRBL:i wear package, wherein the antiwear
package conprises a compound of Formula (la) and/or (lIb) (as defined

above) and a phodphar udercompeundf (for lexdampicerbaxyphosptidr usvliiaeid ofhe
an estﬁ' t hereof or,a,salt hhereof .Qr %he salt. of .an ester thereof).
Typi cat1y 10t he phoE%‘HSF‘M%af %%bcu?'ncd 'S a(’S'iaFIPsaS}qJﬁflg. [0018] I n one
enbodi ment the i nyeas iMnPloe\thélgSsar bpRr pieaphdigs eomposid tan may be (i) a
conprising an oil of l|ubricating viscosity and an antiwear gacka

. A . €,
wherei n the antiweahy@askastistemr disegster “of (thio)phospherig ¢l erOil'vglE)i Ve

of 2 hydr oxycar boxy bi g ch e SE S LG rd MU PO RPEY (e B i

tartaric acid; and an-am ne or

conmpound that may becii) a hydroxy-substituted di- ester of
(thio)phosphoric acid, or (ii). .a phospharylated hydroxy-substituted.
di - orQri- [881% ofn (91 c%lmﬁg@ﬁa?itbeaéﬁlavatmoefglmfrowﬂéw i BEl

the derivat iiﬁ@l%dgfimr%g [PEARCAT Hf)—)él)ﬁliélé\s, @ﬁimdamide 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 enboditments the | ubricating
conpositions disclosed herein contain O ppmto 500 ppm or 5 ppmto
300 ppm or 20 ppmto 250 ppm of nol ybdenum 25[0021]1n one

enbodi nent the invention provides a nethod for lubricating a
mechani cal device (typically a driveline device) conpri sing supplying
to the nmechanical,K a deyice a Iub i cat sition as. disclo

herein. [0022]In %%@ eNBERUYENt Ot hé |h¥g gﬁgﬁfﬁ@?dé§“h neP yfoFIle

lubricating a drlay@ﬂok[‘g@argﬁk’yl&eacﬁ@"@fa'xt%h@glcﬁiﬂﬁﬁhw ng to the
mechani cal a device a lubricating 30conposition conprising an oil of
| ubricating viscdb) Eypwhawsan@mmamd p@m@@é@ shemaing arhexctaht jalieaf a

Cypi oty the hydr ofJeRPyBRyrTPoHE! §4F avivafy BHfe R AR sty et o

phosphos us conmpound etk RIFC hioyphodphdtfd rét@ldoro tigl a SgHokpl@fryldted hydroxy-
phosphorus conpound t hat ng %% e?t her ) énﬁygroig s%bs¥|tute§ d|¥

Sest er of (thlo)phogﬁﬁ@ﬁﬂ%i CDUUI@ﬁﬁ(®ﬁﬁm9k@hﬁ$®h©ﬂ¢ﬂhted hydr oxy-
substituted aci d

ubr i cat | ng 03osi et e but MR TR0 el Slivohtr Tt e
of greater tdvawe of gréatdpthed 0B ﬂt 8, 0D wh %\Kto %ow10%, Br .9t % 103 vt Wk,
% 0.8 W %to 2.5 W % or 1w %to 2 w %of the | ubricating
conposi ti on.0.8¥[°0¢24]5 Wﬁ%r?é leftbgdionk it % REthelybrieatsng grrerqséee.f or

t he use, of ric

prOV|d?ng acgg%aablﬂ¥bgggﬁ ﬁﬁ%thﬁgggéﬁthﬁb?ﬁggyﬂﬁﬁ h&ﬁ%?aiubHCMHg
em ssi ons, (cloln)pcsuicphw deniossad dain (o providieg ae@aynalﬂy/lafa‘ls of enlzgst one
(1v) oxi datiop contr (v) friction perfornance (vi) wear and/or
extreme presdur épep 16?919%% (Fypeat|l y ﬁ‘)edLFé‘iH*ﬁlfor CHESSINSE i rfdy) el
15(vii) dep | I I

[0025] The progant e e o o G dee STt € Cat s cRrmag T on dnded
met hod f or Iaﬂdv’orca:ttrmge gressettapeaimaheei (¢epiaglWirsblcose dr ghveveating), and
Typi ca 4? gm)nical device is a driveline device

(incl ud V&éng%WIqu mi ssion). 20Anti wear Package [0026] The

ant i wear package i ncl USEFAIMEDADES WRAP TRUR TS THE NvENased above.
[ 0027] The anti wear ggckage typically includes (1) a derivative of a

hydr oxycar bd@928k adihd, prgaent( ilivpnampnagpms us lebripdured comppbician| yndirm
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 (i1) 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 (la) and/or (1b)) may be present at



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

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

(thi o) phosphoric acid. [0028] The anti wear package may be present at
0.01wt%t010wt%or30005wt%t010wt%0r005 %to 5 w

v oyear bk ot T8 BEER0 BB afrbalieth By of e

conpound oflﬁgﬁay g%édm@OgQQQ{or (1'b)) nay be present at 7 0.005 wt %
to 10 wt % or % or 0.25 to 2.5 w %of the

| ubri cating [@631@)]0& Thephofie3@] Thepphusphpbaresnpaiuhb0hmy Ybéo po exstém
t 0.005 wt % 0 t 2.
5 of the TutE8as oo tes o 0 P50 2 805 Pt s o B el i Rishbony i o

Acid [£H031]h&aianE THodi MRl cAh6xAN hWRiar agent derived from Fornul a
(1 a) and/or I{} I ncludes a derivative of a hydroxycarboxylic acid.

The derivatilW83Hf alihpie cxyhalibery Phe aativgar aggltcdaﬁrlvgﬁdafrtnarwr@méa (rlm)y
al so functiaon cor,rosi.on i i,tors, .fri

St bvcar agda (i indifes P B, SEB b Barobuit B "BEF 68l fue
of a hydr oxysrad hedewky€arbstdid®did Adypecaigvietarfrhel hy deiffnotiod as rust and
properties. [0032]In one embodi nent the derivative of a

hydr oxycar boeyiosionauihebitagy, Bectipshmedifiqr, entivers sgsntscand demulsfians. | In
anount gre ter t

15 0035 Ber 1 shB8RgIPREe ARIRELOL 26 A SOTADIRE AT Jlio bave
di - esters, diwaﬂhdﬁﬁhﬁdhgbﬂkﬂﬂ&m(appl|cable for tetra-acids and

hi gher), ester-am des, esterim des 6GE)F;!cr)Ilcable for tri-aci

ds. and
hi gher, sucH®832ki t i ena@frﬂaodimﬁmd@e b Ve Hhp1 PrdprEcarbexy ?’rcl acad ey
and hi gher, try
et Thel ﬁg&&}ﬁ (% Ioﬁle@%gg%am dﬂetgg]ﬁldglggemsr%e&g{ Bgdﬁ]atgtbké’\'géasrgmated
[0034] In on&ﬁbnbm@nnmﬂntaﬂnanaﬁtlmear agent may be derived from at

e R ek
hydr oxy- car tmz%mgs aﬁllﬁ@@t (%bpﬁéﬂbfﬂ@ ford By HeRNYmaali BRery, dsterathides, ester-
ester-imde, and p@é r oxy-car boxylic acid imdeamde. In one

& m&}&

embodi ment tikddesd ablagfenttrl sbenddbrghgadsuchors eifri¢ @alslﬁ ionide 2Bufles

t he group consist dr oxy-- arbo lic. acid
nyar oxy- - can ARV Bl RTINS, 308 by s S el BEGH Progiment me

ester-am de. adt@s%5h§'é‘lﬁﬁ@&lﬁ&e@fmﬂe§ Witealdrg da-ahyidenxy catcbamylidsc acid
|nclud§b0|trh83?0|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 nay
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 ment the antiwear agent includes a conpound derived from

tartaric aciﬂc;. [,0036] USPat egt Aggl i cation20Q5/198894di.scl osessulcilgcﬁlée
hydr oxycar bdk§fife dPHIER30ERaS, [hAke FEPA ’dl%e”éfth?)?’étb‘é??ln@gephél a
5 [0037] Car@qilr%mnﬁqfeg%d E8342bricUeifat ent Publication nunbers
2006/ 0183647 a US- 2006- 0079413; US Patent Application nunber

60/ 867402; 40836} itiksh PHttent ZAIJQECMA:& A, 2603/19B 8l osdiselnsarpl esiimble
tion of

swtabletart rlca ﬁerl tives. IFOO Adtalfled descri

ot hods. T or. IBREREYR e i SR b L b PERETTEGHS SIS | ¢
acid wigh a [@'DB‘WPrYC%thlﬁﬁ imtélitsc] oadsi nyds @%ﬁe%'ﬂt Pdab%%Ztﬂ(nguumbers
[0039] I n one enbodi nent the antiwear agent includes imde, di-esters,

di - am des, %l%é@lgéﬁﬂﬂe agdr | Vat3006 D004 Fir t HSi cPatend. A[ppbdiﬂjdnn pwsber
nbodi t t t 15 d.
AR RN O Tk R L e

10, O to 6, t@ftagctl@idﬂdefl%ﬁ&@g_nul a (Ib), and for Formula (la) 1 to 4,
or 1to2;, pis to 5 or 1to 2, or 1, 20Y and Y' are independently
-0-, >NH, >N|QQ38]or Andetailed dgmméwﬁmfr@éﬂwstfakpr@atlag@vﬁ@bleﬁ@tthwdes

TR LR PO B i R g

-CH3, -CE1214£2%7,022.CHRAR6, -CH20R6, or -CH(CO2R6) 2, (where eequal s 25
three val ences, and_may only apply to Fornula (la)) or mxtures
thereof to flAP891 | thhénﬂfréﬂ’é?rﬁ’ééném thsrantiveay peent iappdss ipids) di-esters, di-

t 1y t b) h t | t X
Lhat ie hyarogyrs L%%*Z‘?ﬁ?%&g‘?%% LB St el Ro 15 hydr0gen))

Rl and R2 ar[@0i#édepé&ndemat émbb&mitmethbydntgve:mmp@ent ypaye dlel yepeseb@dnbng
it g%?l%go34qogp£%%9&&g@éw& aéi Bﬁcé{or ?1bt) as deﬁngcrl a &vé 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 -CH,-, >CHR" or >CR*R°, >CHOR?, or >C(C02R6)3,
-CHs, -CH,R* or CHR*R®, -CH,OR®, or -CH(CO,R®),, =C-R® (where =equals

25 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 (1b) has at least one X that is hydroxyl-containing (i.e.,
>CHOR®, 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 hydrocarbyl groups; and R6 is

i ndependent |y hydrogen or a hydrocarbyl group, typically containing 1
to 150, or 4 to 30 carbon atons. 5[0041]1n one enbodi ment 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 ir ¢id de: a li.cabl e for aci ds
ond B aher . saoh T pfl, R Sk ingPr it e SR S Gy
conpound of r@ﬁﬁ@-}'é’stéﬂ gfbuﬁyéfﬁydr()l:ab 1g%u9§rea1ﬂrrbodl ment the

di -esters, di-am es ester-am de, 8 npounds may be derived from a

conmpound of For mR% 1§I &) degrodontly( Ilb!)drogemom] al mydrecagmodienmt trheally

conmpound of Farnul a ont m de group. The imde group is
typically for %n%§1t§k? 3389ﬁé¥p@%%“9”§nd Y groups and formng a

Rl - N< g oup [pesyeentd vhe E&’ﬁgdﬂxﬁ@iﬂ%e dﬂ-@ﬁér%lﬁﬁalﬁﬂﬁ:s eﬁb@ﬁﬁ%%nphbﬂ)le for
conpound of Fornula (hfg and/or (lIb) has n, 15 X, and

defined as flelri-garls 4nd s1gherlo ezter%mlée,xammdar{@ppéucabéﬁcfomrr@peds and

i ndependent | dro arby taln rbon at 9
e S TR B T R A R e
30 carbon atses.as[30A4A4di8) @a@peﬁﬂmdm@rﬁe Yerafed fYomad @oR®blind @f Formula
20[ 0045] I n one enbodi nent the conpound of Forrmula (la) and/or (IDb)

has n, X Y (1) apgigr RID). R2 TateRgnedimeal the di-eietnsti-anidss, | es¢eramige,
IS >CHW6' ulids fa l}%o&(gweg f{(gﬁgidcoﬁlléjqbu?lﬂq)f%%ﬁﬁﬁa gg&i%gc?/gg%fg)l y

hydrocarb&l‘br ups cont'ail ni ng on at ons

i ndependent |[90#3]dr ofie bn®emdolinaérnchs bmhpgﬂmmpf Eomtah il Bgcehtaias 30 imide
carbon atons. 25[0046] The di-esters, -am des, di-imdes gfppllcable

for tetra- ac¥B¥P-andichinyHErgrouRdy é}pi%ﬁm@nwtwtqlﬁ%éoa%lw 1gap 2841 br
tri-acids ag% i % ﬁnﬁH&@a@@Jﬁk 5@03&5Q%ﬂf%?5Q91§gL s(applicable

for tri-aci I gher,” such as citric aci conp s of Formul a
(la) and/or[00&@]naynbaepm@pdnndﬁbyecem@bum@oﬁFdnmdadéxyMHﬁom@bdhasn

the. pr EoenceXon ERETAMILES BPFRRLa Tafwhrdr Jap 2 e s RB L int R ot
typically hag §ﬂéfﬁla@p@aten@%?@fbcaﬁwlr%r&@sfwnftalhingtah% 5EQHIYRROMLS, Ad
RI and/or R2 as defined in Formula“(Ia) and b) 0 [0047]1n one

embodi ment A& anddmnrialyﬂbéydmw@ndémdlm}calrbﬂ@ﬂuwomﬁam&édo 30 carbon
hydrocarbyleg&%ups I n one enbodi nent the hydrocarbyl groups nay be
branched. |n one enbodi nent the hydrocarbyl groups nay be |inear. The

12] and R2 nap4de i nEonpemdbetnidito am0vMukabéth @-. and/ or (1 Db) by
either an 5am ne or an al cohol. The al cohol includes both nDnobSdric
i

al coho?0 and 198#5hydin enaradrdimeicha gpmpowid o FpBERlTEhe) #1EoRAD) haap,
agent may beX’d?:r YV%ﬁdff{Pﬁ"- dnd R® defined as follows: nis I to 2, X is >CHOR6, 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 (1a) 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).



conpound of Forrmula (Ib). [0049] Exanpl es of a suitable branched

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

nmet hanol , et hanol, propanol, butanol, pentanol, hexanol, heptanol,
oct anol, nonanol, decanol, undecanol, dodecanol, tridecanol,
tetradecanol, pentadecanol, hexadecanol, heptadecanol oct adecanol ,
nonadecanol osanol , fures ;hereof odi nt t he
monohydri c alpﬁéﬁo brftsi ﬁ@@?ﬁ%enéo Re ABoR atvéafs be [1@ mqql%ﬁ%t 161D O
i ncl udes ei tﬂﬁﬁclﬁdﬁﬁ@%ﬁé@ﬁﬁ%t@ﬁﬁé)hm o elﬁbp@i ﬁé\yq{é l)&ﬁB?ll roups may
Exanpl es of a suitable polyhydric al cohol 1nclude ethylene” grycol,
propyl ene gllgpcb)dapclj_edS but)g{d: @u@oghly@lilthe hy8rdzatiyil egneujgd yoplbe linear. "The

1, 5- t di ol |, itol, .
L STRenane B o g Rt B ShUSOER Ll e
net hyl gf ucosi;gige @ afil XESKEQS RS @Qt)hbln uﬂﬂﬁd%nb@@l' FRAbLYNME: ROESHYY dHrldC

al cohol may be used in a mxture along wth a nonohydric al cohol
Typi cal |y, imelgusicealededi nat i on t he nonohydric al cohol constltutes

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

100527 1 ondO84Elo0: Horite; RE0aRETareadtiv SHag BE8. BY: S Prat Foll &
tartaric 25(ﬁﬁqﬂmnaQ@Fb@hh&”uﬁ)aCId used for preparing the tartrates
of the invention naﬁ be commercially avail able (for instance obtained
from Sar gent[00¢?lch) Examiilest of ¢ Ishitehly branekidstal¢ohobriaclyde myediylhexanol,
| Sorer i o e AN Gt AL ARLE, AShthuls AR Le actd, d | -tartaric
acid (racem<c m X ten dependlng on the
source (natuyoasd] orEmhbmd off ayﬁﬁdamwnéeagoh&lr anciet einetlaasld) ethanol,
These 30 derivatives may al so be prepared from functi onal eqU|vaIents
to the di acitdopaali (ytaapharepenglo herguel sikentinad jortangb depanddydecapel;
esters, aci n S 3] C f
For mul a (Ia?ngﬁgﬁgf dea#gﬁd2¥?%%ﬂg#réﬁ%&g%%giié¥2§@g%ggésgﬁggﬂ?gmﬂ
tartrates nd;cptmdecsmb] chcte&l@mmhoﬂmﬂde@nobldccdmpﬂ,ndi‘ mgxiorest thereof. In one
particular al used i epa the . t For use as

addi ti y%es i g&ﬂ?lﬁélﬂf‘sm% gEre CSH% SORER ?ﬁr‘ﬁ’gz ‘ii‘f}?qnc?é?lpﬁg and fuel
conposi ti onsghsgy 5 ffﬁé"aﬂé’éh%? iAERa&d capiagepuab v ase! M@&lﬁ)la&d/a%o@h?&}lc\/
di spersible in such ol eagi nous conpositions. For ex

conposi t i onsal¢aiiobndizdnfdes afe puitabild $>0bbﬂxafdtiypalg@mlymo uldes@jhjdbn@ Glycol

P o) CogtaRiRRe Lo A TriBile' elyBal Tl utile Mol oL Sl ¢

does not necesdrkhhy diagiyvetal, &lrbitbhea@PABiitdl OtsmbMyHISSHhek) s’ﬁér@h
10 miscible or soluble in all gggportlons inall oils. Rather, it is

i ntendé® to gBeeset MErothangd sidgnor wixgragshereph Enows pmpedignent the

mneral of | pdin R AEHS A}LL e € ock S1d M SRS B G 108 O

an extent MH? ermts the so one or

deSI red pr Oﬁeyﬁlbaﬁhyt iipisott arcbmbutattlohﬂhaﬁkﬁon’mQ@éﬁs afgphbhadnssitibs at least 60
"sol utions" be true solutions in the strict physical or chem cal
sense. They MSIeREFCIHsHcasE FHins! sp@mﬂlépﬁ% BIXtRs1 | oi dal

di sper S! ons [‘gprp fllﬁ)roné @ﬁlﬂ%‘dhﬂ@ Qfanttxme%r agé’lﬁr}jﬁ%g Be d%%‘l@%@'f om t rta11c

properties s |C|entl ose to those of trtde solutions to
practi gal puggdds &die tmmmcr etidngedfbepmwiphling hiesrtasirhtes of ttlhmun/(annelxunayfbe
this invent Ic(;)orllnmermally available (for instance obtained from Sargent Welch), and it is
likely to exist in one or more isomeric forms such as d-tartaric acid, l-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.



Am ne or Metal Salt of a Phosphorus Conpound 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 ment an amine or netal salt of a phosphorus conpound may be
either (i) a hydroxy-substituted di- ester of (thio)phosphoric acid,
or (ii) a phosphorylated hydroxy-substituted di- or tri- ester of

(t hi o) phosp | 100561l n one enbo t
St oo PR oo W hesniisnnampand PE AT RS 00 i S iy &g, fom
metal salt Q§rt§n<§ dERNYEsifaRe tﬁﬂﬁ%@hﬁﬁy%e%'ﬁﬁoﬁ&ql g@l){d b@r 61@%9&%&@%
Formula (2): Formula (2) wherein

i ndependent Ithe lﬁartmula‘ flyohdceedyin }gﬁpwlgtﬁm wWan ]FCtl OJSSCBSS&Ib:hbW in

cach R i ieepenierbrP RS BRNERRECRBAR Ry el JGR omeBb Ry e
| ndeperglent lpyrtRtes Odred aﬁﬁ@r&t@crécﬁﬂél’jﬁsﬁ]ﬁiﬂ@ Rid B bl ( @i’spm@l‘ﬂﬁ@\ 1eHEAIr
(such as RQ(R 0)13(0) - CHZCI—|(“Z‘:H3 ; 10x' ranges fromO to 1 (in one

enbodi ment  WHegBIxOUS=CONPJRILIPRS. a%’hydmmyl@l kyIpgsisapy intemeed for usenn @ik
gf aE ren,rl;;)t Pspgéﬁlgﬁ {f 4 ubg 311@@?3 a%}y ISPGISlbqe i rag\é)ll 1h WHICE] tley & are 'l
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 o1l, or synthetic 01l) 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.
[0055] In one embodiment an amine or metal salt of a phosphorus compound
may be either (i) a hydroxy-substituted di- ester of (thio)phosphoric acid, or (ii) 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 conmplete valence to satisfy t,
with the proviso that qis 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 ami ne salt of a

sul phur-free phosphorus conpound 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 group represented by RO(R Q) P(0)- CH(A ) CH(A) -
(such as ROOR 0)R(0)-CH2CH(CH3) - ) ; A10x' range® flrom 0 to 1 (in one
enbodi ment when x'g= 0, ifs a hydrgxyal kyl ¢raup)y; in and n
are both positive ndQ-zerg ijntegers, A t he proW- ok um of
(mtn) i s equal tfo 4@@6@59]—&1% nbodi ment tPhe \060 mﬁﬁ’ egﬁlé@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 Fornula (2a)
1] I n one enbodi t he cgnmpound

has x' is equal {to 0. [Q
represented by Fornmul &{2) or Formula (2a) has ijn equal to 2; and n
equal to 2. 20[Q062]In one enbodi nent the conpol epresent ed by

Forrmula (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(0)-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 is a metal ion;
15 t 1s 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):



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

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

i ndependently contain 1 to 30, or 1 to 20, or 4 to 20 carbon atons.
In one enbodi nent up to half of the R groups may 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 conpound of Fornula (2)-—or Fornula (2a)

i ncl udes am ne salts of a prijmary am ne, a secandary am ne, a
tertiary am ne, or ni xt ur e tlher eof kg one enbqgli pent t he primary

am ne includes a teﬁkk?ry- ijphatic priypary amipe. 10[ 0067] Exanpl es
of suitable primary amMnes Y ncl ude yl amiCre— aHj, N R",

but yl am ne, 2-ethy|hex§ﬁanine, ctyLanine, and dodecyl am ne, as wel |
as such fatty am nes as n-dctlyl am ng, n-decyl arg ne, n-dodecyl am ne,
nt et radecyl am ne, n-hexadegylfam ne, An-oct adec I ne and ol eyam ne.
Gt her useful fatty am nes”i ndl ude conmmerci alYy avjail able fatty am nes
such as 15 "Arneen0" anfnes (Jor oduct s avail abl e from Akzo Chemi cal s,
Chicago, Illinois), such as Armeen C, Arneen O, Arnpen OL, Arneen T,
Armeen HT, Arneen S and Arnmegn SD, wherein the |letter designation
relates to the fatty group, suwch as coco, ol eyl,—tallow, or stearyl
groups. [0068] Exanpl es of suitable am nes i ncl ude

di et hyl am ne, 20 di et hyl am ne, dip?%%@ﬁgﬂ?x) di butyl am ne,

di anyl am ne,wlirbiexyl am ne, di heptyl am ne, net hyl et hyl am ne,

et hyl butyl am ne, bis-2-ethyl hexyl am ne, N tByI-I- m no- cycl ohexane
Armeen(r) 2C and ‘@t§1anyEdRssRsndeptly Iée%iﬁa ipc ﬁggouﬁa%w@émeg& 030
am nes such as,pipGhs-di ne, piperazine and norpholine.
25100691Exanpl es of tertiary amines include tri-n-butylamine, tri-n-
octyl ami ne, tri - deyh 8rande&R’t group angriydependeflya hydexcadet gioam ne, and

di et hyl ol eyl am ne L oeen(r -1 0070].1 n one. enbodi nent the
aninesynay_%e in‘?ﬂéﬁfSPHE%F%QQ%gagdﬂgxaé?%ﬁﬁﬁ@@ybgngﬁitable m xt ures
of ami nes includey(i9 @BeREUARPMAN &1 4 Ogrbdp 3Behavchen %yom(qmow(oy
tertiary alkyl primary groups, (tl an am ne mnth 14 to 18 carbon
atons on t er¢Hek YCH4I(syshiari Y RGOIUPS-CRaCHEGHs)-Jian amine with 18 to
22, car o otor 90 herk Eanval b G A8 LU R bR R
tert-hexyl angrogp); tert-octyl am ne (such as 1, 1-di net hyl hexyl am ne),
tert-decylam ne (such as 1, 1-di net hyl octyl am ne), tertdodecyl am ne,
tert-tetradecyl arftigd niase pothagsesidive yramefentegeis: weh dbreripygaithad the sum of

tert-tetracqﬁgggggggugﬁmégnd tert-octacosanyl am ne.

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

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 "Prinene(r) JMI." Prid#ne0 81R and Primene0 JMI
(both produced and sold by Rohm & Haas) nmay be m xtures of Cll1 to Cl4
tertiary alkyl primary am nes and C18 to C22 tertiary alkyl primary
am nes respectively. [0072] 1 n one enbodi ment the metal ion of Fornula
(2) may be a nono- or 10di- valent netal, or m xtures thereof In one

enbodi ment t tal ion may be divalent. [0073]|n one enbodi nment e
metal of thﬁﬁ_@@ A5 681 gagen ?\hﬁuﬁ?dé{)qi‘@hﬁl‘leﬁﬁ’tl%gliyu?ﬁnt%%llcffu :
magnesi um harj wmoc epaq? hzem%ﬁsg# atdth® 9 lo%'e rbqn?&ﬂ%fhlw tQREIf of the R’

embodi ment the netal of ion includes lithium  15sodi um
cal ci um nmagrespumay de hgidnggenl n one enbodi nent the netal of the netal

ion may be zi [0075] I n_ane,.enbodi,ment .t is, equal |, en e
conpound ofﬁhﬁgﬁbla%t 1eﬁgﬁ§ﬁhgﬁphg-S%F¥m3§8aﬂthaPT§§ﬁp %ih% 3196 19
nmonoval ent reiedn atb@R76] 1 n one enbodinent t is equal to 2, when the
conpound of Fornmula 20(2) is a netal salt of a divalent netal.

[0077] I n ond08fblodi dbatcompoynd mfthvemubnd of Fonsile ¢24); inghdes aingng palts
t he range of ta 0u5.T§0078£In gne enbodineq; t he .conmpound of cof
Formul a (2) 9is? PPEEBAE ket ATCQNGRIY IS SoiTRIATY 63 BP0 BREFUEFS Brereot
equal to oneh. o@b[cdb6alhntonR pIRAEY MRiThe tinkmides Uaterti &rylalighatis QaMaty
to O, and q is equal to 1. Processes to Prepare Conpound of Fornul a
(2) and For mi&c(2a) [0080]1n one enbodi nent the sul phur-free am ne

salt ofya p ru nNpPQMN t;ai n ai e pr -
conprig?ng:qﬁgngin%xgﬁpgﬁingymgPﬁgggtﬂggé%i) 3%§§%ro§§ygﬁbs%%3§@€8@
di -ester of pjbpghahond,chwrgiasthiner 2{dthylhaxnhasharcylaméet, and dodecylamine,
30hydr oxy-substituted di- or tri- ester of phosphoric acid. [0081]In
one” enbodi meritWelhas syl fagiy amingoiroRPebipBbie nrdsgy@minggi-dpdesplamine, n-

phosphoric agdq é@YantPi%eP 519&@;5&90)@&'11191(3? %%&2&&9&@%% 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.

[0068] 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 tri-n-butylamine, tri-n-
octylamine, tri-decylamine, tri-laurylamine, ftri-hexadecylamine, and
dimethyloleylamine (Armeen® DMOD).

[0070] In one embodiment the amines may be in the form of a mixture.
Exampies of suitable mixtures of amines include (i) 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, té5forma nono- and/or di-
phosphate ester; (ii) 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]1n one
enbodi ment the h droxy-su(ggfsitutgd Fi -. ester of1 hosphoric acid of I
(ii) may be FURHHAMINES SIS Gtery- ey {anyneetehsh ety 9“%&559?‘%’8‘“%‘&‘863‘(‘%1)
above, witha phogpbAliRgyagen), t(&yRkeabhnd ethng a, IRaRRNASH18k8LE),
hydr oxy-substituted di- or 10tri- ester of phosphoric acid), before
sal ting wi t Heddodaeilmeniand/ or tareteftad¢adaminsst ep teriexathenyddmine0083fdrh

di fferent enbodi ments teps, (i) and (ii) _be repeated at |east
once more, - SRETSRERI % P ant by Lrmips F B SF RO  h an
am ne and/ orjppetal (Roné RuHo@Bméiti 4 hsFIPUBY turd OF a@NACPIR RS "Palidhe®
may be prepared by a process conprising performng the steps

1
( | ), ( | | ), ar&i R(“| @1 ‘)Erin)pne(@ )JMT.?‘ )P,l’(rj.gn,e!aé]R(qqdi I)‘r,il.n@ne@ JMT.(.bclath produced
E: g : E: : g : E: ga:nEi: %c%lt} (}?a)ﬁn %oﬁ%ﬁ% g%, Pé%’%) Enlllf:;.)g 1’0(5'()1%11)&{11[6)5’ (gfl bl la{c')d C(llfiiI t'e}‘tiargralkyi
(1), (1), (1 )prlchary, dohihes bhd CQB ko @2 t€ktiaky alkd primary amines respectively.
(i), (i), (i), ii),(i),(ii),(i),(ii? and (iii), as defined above.
[0084] I n di flPRTHENt Ehboelichmbadsneidhe amwdaliion Privymeda (4)anay be aynongt &
99 wt 12(5)% i 38e}4{‘m°é‘f ti,oor8191i)¥¥{1 ~eoé’th eo§511¥\6neo/ %08 Zl?l}é’l\@ tlo{g m%talti{)]]? may be
sul phur-free amne sa % OrE p]hosp or us corrpouna 0 he I'nventi on.
[ 0085] I n di fdiedlend. enbodi nents, the nmole ratio in step (i) of the
nono- phosphate to di - phosphate includes ranges of 1:10 to_ 10:1, or
1:5 to 5:1, [8P73 2 fip opejemppdiment tQS[*BBt@b]qfnﬂ’Gi e ol BiehHtes nthiwm,
the nol e ratj.q; t - . ph r NSt ep+i(i
al kyl ene oxiSggiﬁ’a@ﬁ%sﬁl%’o@?%ﬁg?ggggi%mﬁhgg’gﬁ%f g&gepsétr’e?l%% ’ E'gleo)f)- Z??c)
i ncl udes rarjige®sjof h @nt tmbddimeht the @e] bit thelm2tdl. ioh0GRT]den lothéum,

enmbodi nent al kyl ene .oxi de i ncl udes et hyl ene oxi de ropyl ene
oxi de butwﬁéﬁ% BUFYEL RABBHE BT &%t 1D BF %{thﬁ Bt 4l aetiloof the

hydr oxy30subgtiaf ihefaflbe za8t er of phosphoric acid in step (fi)
includes 1:1. [0088]I'n one enbodi ment al kyl ene oxi de includes C5 and
hi gher al kyl[8AéS]oxi depnarsthbodenem eisrequiabtofl, aibiey|thagompiodad tod Hommula

hydroxy-s ubs(% tuted e ofiSS m@fal 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.
[06077] In one embodiment q is in the range of 0.5 to 1; and ¢ 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 is equal to zero; and q is equal to one).
25 [0079] In one embodiment t is equal to 1, e is equal to 0, and g is 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 (ii) 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 | ess volatile underl6eaction conditions.

[ 0089] The process described above in steps (i) to (iii), in different
enbodi ment 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, atnospheric pressure
or above atnDspherlc ressq I n one enb di nent the proce

carried out at atHoSHHEEiAPIFRnEazeH (SHsE s PaPmbsbie P eqlbraie%ﬁr@reoﬂ

[0091] I n onewﬁmpge@mttotf%%%%saldr@ydlb@q&?ﬁrteegelout in an inert
10at nosphere. Exanples of a suitable Iner nosphere incl ude

ni trogen, argon, (@ motmrgrths phdwhaafest[ef)@rﬁatﬁ]alnrulkbrlérfeem}em tefdroda hpdrosy-
t he al kyl ene or 2 to 4 carbon

d t 1t 6,
atoms. 1In oﬁ@gél ea%on er?ﬁ@“ﬁ?@?ﬁ@ﬁe ﬁ?&de i ncl ude et hyl ene oxide,

propyl epe oxide, (ut éé’ltﬁ{beth(éxﬂ}@?oxyoiub%tﬁ&'dr(ﬁs ektBebe ghodpRofd @md 1s reacted
15enbodi nent the al'kyl ene oxi'de i'ncl udes propylene oxide. [0093]In

di fferent eﬁw@ﬂmnﬁnﬂgfmﬂhenaﬁﬁohol cont ai ns to 30, or 4 to 24, or 8

[ S0se) She” laBka™, 1t Stoeuly r%'rﬁﬁleﬁrrdrﬂ%aﬁuﬁr 8 Y o anenRe agid

of a suitablg @l ﬁﬁ?%’e ﬂzﬂpélue@:témarqe&t onfERbANBY reReldNSkp (INAPAROIth a
dodecanol , dodecanol, tridecanol, tetradecanol’ pent adecanol ,

hexadecanol plwmitaaae@gﬁﬁl Ctymeatﬂard@@anm a phethaudendIhydoreEnbyiteen oi-) or
nonadecanol , I xt re

sui tab @ algghg |ncmﬁﬁéﬁ$9 mn &ﬂ&%%%qﬁ ngg%?%ﬁgf%w%ﬁ@%inSWp
2- et hyl hexangil),abbg®oct anol , 250r nlxtures thereof [0097]Exanp|es of
commercially avail able al cohol s i ncl ude Al cohol (r) 7911

Al cohol (r) ﬂ@@@ﬁlandIlprétffﬂrebﬁab@trl}neﬂp@t@rs (F\)bﬁédaﬁt)oma)&lbﬁrfﬁﬁ‘éﬂt?@ Jt fegst
g;sl)IC; ; Epa ](CE)%%%Z ﬁc}éi%&g* 8012(}%6@? 9?%16 ?I) go%opgrj'sglg [ Bn&ﬁfgﬁ%{%@%m
Li nevol O 91]1n&®1 @ndn mpanoldbp)'eﬁﬂ? dr fmﬁmﬁ}ee(hb sAG mhy &k Qrdpabedoby ﬁ:q»l’rdle%
puist gy M Lo SR S Lol 0T TRl SRR B %
(1),(11),(1),(11), and (1i1); (1),(i1),(1),(11),(1), and (i), or (i),(i1),(1),(11),(1), (ii), and
(iii), or (1),(i1),(1),(11),(1),(i1),(1) and (iii), or (1),(i1),(1),(i1),(1),(i1),(1),(ii) and (iii),
as defined above.
[0084] In different embodiments the reaction product yields I 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 (i) of alkylene oxide to the mono- and/or di- phosphate ester
of step (1) includes ranges 0of 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 (ii) 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 amne salts of a primary amne, a
secondary anmine, a tertiary amne, or miXtures 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 cohol (about. 602 g, .about .4.63 nol) whilst stjirrin )
Wbout B0 C (UOSHHE 98 12 T G IS SHO e OB r st iyl s are
t hen heat ed [£Q 3PS 1R feadfish Bsladidnher e 10f or about 5 hours. The
product is cooled. Analysis of the product indicates a phosphorus

content of dB08%] 11TBe ptocess desa (o]l Sbeyr iB:steas (1) enfie), an difeeroft eatbodimebts

C, a flask containing,the product of Step A (about 0 eut 2.7,
ol “based orha vAehe N RgRicth SaeTuiie | SR pf 18 118wt
m xed W th agstoPchirareori,ooappunt of propyl ene 15 oxide (about
157.7 g, about 2.71 nol) dropw se via an addition flannel. The

propyl ene oXdP8%0] s Aleeroessermay gwr radicdf outbalurediicsd hyesssre, t gmosplmre
m xture. The _m xture {js thten hﬁat.ed.to 70 é: and hebl g fort ﬂa\bout 2
hours. The prawltt °f §°¢cof & PTHE” BHaatict dF %t EPB HAL a " pROSPHRdMY
content of ahoukri8d ButMt a%qoéﬂﬂe@%%@mr&@r At et @dssierRf protstpe. B (about
881.5 g, 2.73 nol P based on 90%°=9.6) is heated to 50 C under

ni trogen andpftlsphbr aepembesingnt (theopces guaymbe) carsleddeiddin mof gigrt
equal rtiao er.a e . I [t t )
tgrrper ature %@@"nﬁé‘}eﬁ 'ai%%ég'pget(\)/@g%ﬁ?%e rllé%géﬁ%&pg%gﬁﬂ%gdeﬁ ?@gg‘%’oﬂ@‘%

C, whil st vigaonatskytisdrésfti ng to provide a product that is a
honbgeneous solid. The tenperature is raised to about 80 C and held

for 25about [80%dur sIn didtererthnabylimanc: theydoy epe BKIdG Fontenpk dRIGEor 2 to
contal ns 13'767 S 2 %,04 %@P%@Fﬁ 10104 Sh8Bafhentt eZzﬂE%léﬁé o%ﬁdesgl?o?ua%

(about 706.7°g, about is heated to about I'n a nitrogen
at nospher e iathdefi¢ askieBipse(y2ene oxidet hytyhawyddide) memizinoest thisB® g, In one

o BT s OB 0 T 0B b el over 2
about 55 C tjgeapout 160iferediNEnbdBientsS 8RR GhiAL1308B! 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® 8§10 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
oxi de (209 g, 3 60 nol) i s added to isooctyl phosphate acid (about
952 g, about 43 ny| The m xture is . then heated to about 75 C for
4 hours. The[0P8§h| télr%@ﬂ%raeaaea’t inpruds; @ping SAlls of pREEHIY ATENEoh PeTAndary
about 9.65 Wy, E%:rt%f% niine 1TH£ é‘scthe? Stﬁpl frd @Eﬁ%"ﬂéd %ngr 10:1100f
about 0.374 nol) i1s hea d'ln t ask an bi s- 2 et hexyDa

(about 97. 51@eﬁabmune9m4ﬁﬁnnobbovs added dropwi se via an addltlon
funnel over nutes. Thg rea_tlon tenperature is
t hen raised > : at BAABISS. The resul tant
productshas @e gggpggggﬁ_goptent of about 6.6 wt % 15Preparative
Exanple 3 roIgerPeﬁaraFrVé Exanple 3 is prepared in a simlar
procedur e aS[GPP%bar &tépy &\ FRlagspherus. peidoemer (218t gp alfowf 1 Bhepabais wdded

ot hyl oyl GHEBoP CabEEod0R A0 abaat o Ay Lot g RpHnispae Sohol

pent oxi de iS(aBQﬂQQ)ZOg’ero@t Reys @61 2Phiddt s@ at/ S dt WOt €StodHbudti08C in a
tenperature of about 60 C. The product is then heated to about 70 C

and hel d formtabe@n atm@spheter sIhermexnesisl tﬂlalmﬁleﬁiﬁ@d@@bOM@ Le ph@:hp}doﬂtose

cont ent , of Q Ste B.is ¢C ut by..r eact.i

o oductO o apbbadi's olhs. TnehERNR ST Khalils BYaleRReb g o
240 g/ nol), pmﬁ$h@ﬂ@ubn&nﬂ0£ganuaheﬁ@s%@f propylene oxi de (about 46.0
g, about 25 0.791 mol). The resultant product has a phosphorus

content of a8808] 1056w Bt Adgenmpesptuee pEakeit 50e§ - dulaskyroniaringghe peoduct
duct of t-0. .7 t
product of S{egd @r eagﬁgﬁt 209 9. ,1,30PY e ot ta odl e cﬁ.ﬁ%ﬁh e%%w;}eégatﬁ

ni trogen atnosp reacttng w th osp orus pent oxi
g, about 0. 28mub) }.tirtiﬁfgeatr(&égm W) ekatdhettma gachesnahowm@int Gf prpoyiene

coolin to abaqut flask held at this. .30 tenperature for
about 175 hatirde ( "f1|5§§ko1 %b%e?n%l:&bqlé&“tm”%a’tﬁ aaedg% W pihe

the dropw se,agddicht Q)Qlé%vf%rac@eg%fv'epg ﬁ%fno%b@fuébojatfl éﬂ'ﬂH{u% &f £hS 2 (Brxture,
et hyl hexyDam ne” (about 0 g, about 0. . l'asSk is then

heated to ZDhabodures t@mahdathélt@ 7ﬂoC zaiﬁoitﬁtld Zomiu:rLE 2 Ithes.pilbdpeedivass

2bout .8 wedbr DpPadRoC st bsd brdhefme R cRab oy B o

Preparative [g1anpl e ey €: S'h@‘ﬂr@tﬂudt%ftfh% HJtab@uPnggr%tE V& nanmphedZn
However, for Step A, the flask contains nethyl anyl osphate acid

(about 2454, 4%§= 9a§ad§:the@teé41¢ FHl§ vmdar attT%@uftﬁdZBh@P orgeretioRife (bies,

at nosphere, J4¢-6 ¥"a§i§1§8’eﬁ%‘ﬁf %ﬁﬁ%}‘{:o&%ﬁs OVRL a%ggyéttg 807 rﬁ?lh%né The

added dr opw sé V|a an P thon over - a perio out

hours. The nigditise the térhpsratieatiedndiatat@ubettef thBdahgd dftahete S50IT to
about 4 hours. The 10 product has a phosphorus content of about 6.7
W % The praitiét /&f Gt ahilal i §SPMBALhSHIBHE t'9 ABOULEe 6D PodyRddhatyis a

ni trogen at ;ﬁ?d;ﬁﬂﬁgén%oéé‘gol@é‘osﬂ%otéﬁpé?%h@fé %sé@‘&g 1%?8@ %%ch#%gtﬁr

nol) is add ortions over eriod urs.

t enper af ur e at|mt Bé‘loﬁkrsatto dbowt ptbductf ctrpoabamtmg the bmﬂust cdiiteinpriaduat %
is then heated to about 40 C under nitrogen and bis-(2-
15et hyl hexyl YaM9%8 ¢@out 144.8 g, about 0.596 nol) was added

ncreased o abebt J09 And BN Gr GRS (rO0F TORTUE B 2F T

product has legphibsphabost cont’€ntinofi abioigen6 atnadphye dnd aa flakit.r ogein-(2-

content of abou % .[0106] Preparativ

Thi ophosphor #t BV e ierprise W&Phé%]éogpéﬁ P dd t@h*@@&ﬁﬁgéwwe&d@a it

two poghi ONSy RRGoNOHnBPAVert 8 A& S RIBSuPT2 MYAROXWRIOPWontrolling 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 C17..14-al kyl amine over twolfiours 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 manner to
Preparative Exanples 2 to 4, except the bis-(2-ethylhexyl)amne is
replaced 30with Cl2_14 tertiary alkyl primary amne (Prinmene(r) 81R).

compound | & T GRS B LETEr{or EO2H] HIRGRECHPah AP AL pHSSIRBAT R Thi

described in;dyp oPaieMndahad A51t9Phorl9EofANDE €7 MY, One of exanples 1
to 25. [0109]1n one enbodi nent am ne or netal salt of a phosphorus

conpound i s Bapautiphlixampie 2i ni ng conpound. [0110] I n one enbodi nent
am ne or mat[gillpl al t ound is .other t

of a phosphorus, co .han a
Sul phur - cont Mg EEREGUNE DTOTHE Prive BT THIEYBE %o BRRp RIS P
phosphog us GREPONNEITEYePEB il Pa&GIarAN P EXAHGe P ePBHRAvES Oy 3Step A, a
di t hi ophosphoric acid reacting with an 10 epoxide or a glycol. This
reacti on pr cdeichiomeyripemunt diepropgkest edids (20° 2, gHdsphbrisedded @, isooctyl

anhydride, or_| [ ester e "lo ".signifies 1 1o 8, .or 1 6,
oo GinosHEE sSRL flboht 5E & PRI R anEl ol e umrlite ity ety
the ester). bhet gpod de i nphkdeThancahlifNairb8u@POXERY ArhR 5 phb{Irus
oxi de. Exanpl es of useful epoxi des include ethylene OX|de,d§roperne

oxi de, but errenipiit @é abest Bédetik YoxFae StefoBe enprasiictef StavyAdboexites,

The ol fol s o8eT GadearmRar rEcpit i SRR TR DRBERRHSHE (A3 5,

to 3 carbon Qtapest 0Hoe melgub bingl deidEsakt iheddisiaht RdnyW der anpdrRsl of
[0112] The am ne or netal salt of a phosphorus conpound may be present
at 200. 01 wabegit 40 roingiese, Thy regctiontempergtuze g thegn ggised. tp dhoutyp o Caang

% of the luQ{(eil&%% %g?ﬁtogﬁﬁﬁﬁé.i Ofhe E—%Jagtﬁké rdtiEt %HP%O'PE&{I%#] ec%l}_tlent of
anti wear package further ‘conprises antiwear agents other than those
di scl osed alxbwet 6]60&fl%] | n one enbodi nent the antiwear package does

not COP%ain a zing Zggialr di t hi ophosphate. 101151l n one enbodi nent
the an _wearPr t contain antiwear agents other than
those di scl qgegqjabovgepdQd16] g{&hﬁ%iea@t iyedepAQENES 4 NGhude Focedure as
non-i oni ¢ phosphorus conpound w t
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 netal 30

di al kyl di t hi ophosphate, netal dial kyl ph@8phate (typically a zinc di

di al kyl phosphate), a netal dial kyl dithi ophosphate (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, _zi,nc di-(1,3-dinethylbut%J) di t hi ophosphat e, zinc

di - (heptyl )20t §P ofsHsshireld dor 3hai 2dhayrsctlyiepradydsilgp radionplicsus spent
di - ( 2- et hyl %, ; o

5di t hi ophosp atg%§§ﬁzﬁf!(%gﬁﬁfy%?%%}%ﬁﬁ%géﬁg?g?g%ﬁeﬁi{(decyl)

di t hi ophosphiteparagivaExdinplaédecyl ) dit hi ophosphate, zinc

di - (dodecyl p ) di t hi ophosphate, zjinc di.- tyl phenyl)) .

i 1 ophosphiBe b TheiPes “Brigraise P EouEHy EINE oF siijshdo that of
di al kyl phosphiaberati0e IRidenms P Blowkeder, TBE RYSPRORNE )1RRQAPRRALEm el yiomy1
di - (anyl) phosphate, zinc di-(1,3-dinethylbutyl) 10 phosphate, “zintC
di - (heptyl) miessidtatagid faboat diS4@ogt shout ghkpheleand ahebait-72°C, under a
et hyl hexyl) osphat e inc q%- nony| hosphat i\nc di-( I )
hosphat o, P HORH AUTBED ) ~bROCIREE 3 ENahE 165 e PBHetgr ) oD is
phosphate, zigaed dir6peRWiPhanddtifhesiRabeer 8pefbdtdr Soul 16T BOlrs. The
[0119] Exanpl es of a non-ioni c phosphorus compound w th phosphorus
15at oms havinictare sxihaaticaigdstoasbeun 75+ pmk halfethgrp hosphiut ¢ bewrer | Tlor
m xt ur t her eqf nor e_det ai | ed description-of, the.non-i.onic .
phosphiTus BaBeTt et GRRCES R Do PP 68 o og T prodsct ¢ Sigp g iy
US 6, 103, 673hek gadaesdStd pivode 60[ 0t 20hkér angiteizen ditiRRbhdrbeadd! phb§aiong

conposi tion further conprises an 20organo-sul phide, or mxtures _
t hereof . | n AEXAD GRS & Hbost §edonslllipridded o fse iRgsidon oY dsperitie

of a pol VS“L@SLI ot n]{.gs“,h%t‘akéz%% &H{B%P#g%i’ yas ri%/&‘ gﬁgéut”f‘ser"é.ofor%%ﬁtlh!sn

different e me € organo-su resent “in
range of O Viou¥s.t A HEOpnetiuls) isothefd) Hdhtedt to%tHomt HO WE udderonitfd.gtn wind %it-¢2-8

% 250.25 Wt %to 6 W 9% of the |ubrjcati
Thi ati Srol 0 CORPEBARTTSIBIPEAAbSCE 8198 ¢ATRAMMGHE Pt dpwise via

2, 5- di mer captRrdor riftideNibod i"%%cﬁrrs.o'Th@ltle1§l§gﬁ1rf1§retil§'%ﬁpfncr@ased to about 70
hydr ocar byl - substituted 2, 5-di mercapto-1, 3-4-

°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) is 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 1s heated at 71°C for 6 hours to give an acidic

25 intermediate (1320g). This intermediate is neutralised by adding 555 g of a
Ci2.14-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 fo 4, except the bis-(2-ethylhexyl)amine is replaced

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



t hi adi azol e, a hydrocar byl t hi o-substituted

2, 5-di mercapt o- 1, 3-4-t hi adi azol e, or 302li goners thereof The

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

1, 3-4-thiadiazole typically formby form ng 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]Exanp|es of a

sui tabl e thiadjazol corrpo i ncl yde at | east o
di mer capt ot Hﬁi azoleP? 8131 8 TRYE 4BE 6MiRe 9 WFtat 1 %?Jﬁo %E@P%homs compound

3, 5-di mer cant Qn apfide GtAf-al M ARkRERLBng phosphonc acid as described in US Patent
3,4-dimercapto-[1,2,5]-thi adi azol e, or 4-5-di mercapto-

[1,2,3]-thi ad&@ZzélBs. fdfypxmmblleyaineam bﬁ/emlbablt@%at erials such as

2, 5-di nmerca bgog}] 3, ff t hi adha ole or .a h dr?aga bstﬂgtut ed

2, 5-di ner caﬁ 1, 3ORRPREPAILTEL 2BV OG ChiRFrd 4 ﬁfflat 1OSPRUBS £PPRERY! s
2, 5-di nercapt 9 nﬁ(ﬂnuéﬁh@qh@ﬁghgdnay be commonly utilised, with
2,5-dimercapto-]1,3,4]-thiadi azole 10 nost commonly utlllsed due to

avai | abi | i ty[ﬂlwﬂ di #1f enepmbedivertit aBYine of heta sal@f agfhosphdyon camppBndis

t he hydrocar g@st %ﬁentoﬁg u includes 1 to 30, 2 to 25,4 to 20,6
to 16, or 8% f@E T FORREBRSOMPHENT, the thi adi azol e conmpound

may be the rmn]l onTRE aguiet @it af thlﬁlghm\‘\ﬁ‘éeh paBsphbelghyslep@id say be a
di mer capt ot hi adi azol e, The phenol 15 'includes an al kyl phenol

wher ei n t he taR&ign grednst censpateds figm I?éacbthl@hOéP@OHC Gcb agting Vel orn
7) t t | | 1
(b 7K pon RO G a5 2  ARIIEECAQIE pHARR PRl fORAR, G0N 8 N o

Useful thi a@lﬁ&ﬂh@u@@ﬁiﬁpuﬂﬁﬁirid&c bﬂ@ver ester (where “lower” signifies 1 to §, or 1
2-al kyl di t hi o-5-nercapto-[1, 3, 4] -t hi adi azal e

2, 5- bi s(al kny(ﬁ t9fi b)to [41 03 hte t—hF%lHP&zBé‘Pléé i tlaw gl esyehentiarerhiha

hi o- 5- 20rrer o
2[ 5- hept y1- dr "(l)‘ )}%;pﬁfé}ﬁib tlﬂ%lﬁ%fﬁ%]f@l&@ﬁ%xﬁi% or a styrene oxide. Examples

5- mer capt o- [o]f Bse@L thoadenzotle)ic ahylent xixudesptdpgieef ofidt2bptanconmde,
enmbodi pent t he thi adi e co ound i ncludes at, | east qne of .
2, 5- bi 5t er t2SEPH ?h%%%ecin% 1den slygsne, gride Ang. th?iezﬁi eg’fl %@?%@WFB‘)

-1,3,4- thi \ cy t
25P0l youl phie POl T snb A G baeea Tt e%%@%%’lﬂiﬁ%‘a“‘?ﬁ%%mﬂs

pol ysul phi déaypigtad €, or 2 to 6, or 2 to 3 carbon atoms. The resulting 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 zine
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 m xture of tri- or tetra- sul phides. In other enbodi nents at
| east 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 c pol ysul phide fromoils, fatty acids or
ester, olefins or polyolefins. 24 (0128]G |s which nmay be sul furized
i ncl ude natural or syntheti c oils such as mneral oils, lard oil,

car boxyl ate ters deriv om al i phati ols and fatty a ds or
al i phatic cafﬁﬁb&lw i %Xale,ﬂp ea ama'a%mie%ﬁﬁﬂ %pl%ahﬁﬁaﬁendleﬁeat@)to
and synthetig #9a!l gt Sﬂzﬁfériﬁci"aﬁe %ﬂ@&f {ﬂﬁ%thyﬁr%%?ﬁ]d;tt%%%o%ﬁwé/dl-

i ncl ude those that contain 0 24 car
Exanpl es of (ﬁtat)fﬂ,ydahw@hoa;pimtmden@ldm(bﬁ cllmmihyébctyl)l ditblophdsphatendzinaldi-

Patty aci d deeevy S Reohs 65t i RutoP B amrbri atee B FUgursaDe
oi I's, isncludiingoe 3%1%5 h&tk! 1'11@53Qﬂ (ﬁbﬁyl?solﬂ%%bh%bﬂ)haté apegged @ildecsnd
fish oil. 10[01 The pol ysul phide includes ol efins derived from a

wi de range orhﬂm)}bdmselsate,T hencaldk-édedecyl pilshiophospdate, oriec odi- @DdeC)dlld!ﬂmb/B
bonds. The ol. one e di nent ¢ i n t 0 carbon

other embod HttErosBRufl fut T Rrabaeia) 4ahidgRoss e of BiFHer LERRE.

I n one enboqnnsqt tﬂ@aﬁl?td@huw sed ghef inalkpginvesisatan iRt1ahe n Aher i ved.-
from propyl ene, isobutylene, pentene or 15m xtures thereof [0131LI n

one enbodi rrémthvh?eomdb }?’h@mﬁlﬁtedé11W11§ébP]w9@bﬂ§¢oE@ﬁ|dh—(d1érﬁilveﬁ‘dhyl o)

pol ymer i sin e i ef r|

01327 1" one RepiAEaine “Frd oD suPRRE 1iRe R4EESH BiFHHART o ai-co
t et rasul phi Ctﬁhylﬁﬂk;ﬂbllphlo dlﬁchtaemyldie(slbﬁm) ofhoepkite, aticddi-g@ecphusticsphte,
al kyl phenol , sul phuri sed 20di pent ene, sul phurised dicycl opent adj ene,
sul phuri sed 2i&¢ p@n@oda%a) samopsﬁhﬁtpse?@m@r@W%P heggHudhgsphate, zinc di-
phosphosul p ifier [0133]1n one
enbodi nment {tﬁ%ﬁ?’ﬁ% %gtp?l%gﬁl%g@%ésnlﬁtx?%{ﬁéﬁ %gr conprises a friction
nodi fier. |1 n0di9f er Entmehdsodf ra{enbmmhheplfcrsphdmmncompbﬁndemﬂnphbqﬂﬁms
presen% at Ow %to 5w % v%f)to Wt%\ﬁk()% %to
3.5 wt % ordlgng g b oxidseiRp 9 Ygteht 1 £ & phespifite gsicny o Mg
%to 0.5 W bt h@lﬁéﬂ@rd&ﬁéd‘geéb@faﬁgﬁ'&f‘ 8- 11(1110110%45 PhEs bkt ESfipound
nodi fier includes fatty am nes, borated glycerol esters, fatty acid

ami des, non-ibolude edlvia 9y111em6&iaje@p1mﬂaﬂmd Faf U Gekfbxﬁ'bﬁes 30
al koxyl ated fatt & 'ln s, borated al koxyl ated fatty am nes, netal
salts of fatt3F28e: il tty imdazolines, nmetal salts of alkyl

salicyl ates [pmy] al $0 ohe chBberhad the l@ficatidetcongRRitlon Althet c&@piiSesodn
sul phonates (rmay al so be referred to as a
20 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 nent 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 netal salt, an am de, an im dazoline, or

m xtures thereof. The fatty acids may contain 6 to 24, qr 8 to 18

car bon at oM elfcapioyﬁac‘ﬁg&ﬂlﬁgolsemmsaﬁt&@afﬂ GHigopmes gt aF grore of
saturated orgungaidisahednitoui tabl e acids include 2- ethyl hexanoic,
decanoic, olelc, stearic, 1sostearic, palmtic, nyristic, 10

pal mi t ol ei c,[02ol eEsamblasrdfcy swtedhld thiadienile cavipdsnd andudhet kestdsie of

fromthe natural products. tall almoil, oljve ail, peanut. oil,
corn of |, arf cRBgEeRloRgagiante, AhabRercameddr hehitediazdlsr ¢ 5 oatmeTiARye-
be ol eig acifd.) WighadifzdI8e 3 Uahiicabtdlel als15Blddiato¥d) CaHl | ¥-stien TR RS-
includes zinc or calcium and the products’include overbased and
non- over basdd,}? bthiataszolExanpllepicatly breadilgr baseldblzal ciajeniald5 sight sas

d basi |.eic,.acid- zi l.t .. | . W i h )
Al 035 b O s aetn b3 Bty IR Gt ey rub it Pt
or with prinBsy.ghadesadary anmeasocusias-sdbaitiddam sedignecapto-1,3,4-

di et hanol am ne. Wien in the formof an imdazoline, the condensation
product of dhiadedzgleningli be eiramonky eiligedl yari Aé-Giohicapsol,3,4]-thiadiazole

ol yet hyl enepol 1L he. .ane. enhodi nent . .20 the f.rphction ifier
oy bel ne aBtealnfPan Degase e, et R it hess PalREhf e
and a pol yalkihiene frathanitots cnteiliydpadathdWudktitubhegupdugudes 1 to 30,
isostearic acid with tetraethyl enepentam ne. [01361l n one enbodi nent
the frictior? ot ©r20, 8dpUdesr § tedfondary or tertiary anine being
r epr esent ed he r ol : , rei.pn R 929 re._ e .

i ndependent I[?X%;H al ﬁy)Pngeg‘bﬂp%%él?’ ’é@? ql%g@ta gfélg%igf%o al{ﬁgn%lagr?% ﬁ‘e Ll%gghon
hydr ogen, a prydiuwadrdbyhengi ouph, amakigbydxyid aaimharcaptoghiadikydlegrithegphensl

i ne- cont aj ni kyl . A detai | ed d i pti f th
fricti b rodneres fo Al endbl W re Sk g okp GO b R B30 6034
in paragraphg S(&rd 149 2t Qg ardHs0 llﬁl@ Ai@elgfél% igahQel Wﬂ?ﬁ%ﬁfﬂ ddnkhin@n

nodi fier includes those formed by the condensation of

hydr oxyal kyltocdngobnd awinih caneraeldeayilagyathent soch aas fominablehpderor Eseful

detail ed descri.ptipn of the_ hydroxyalk ompound is d rj-bed .. 26.in
US. Pat ent - AgbieEize Ko Semorsas e datisnebianarers oo Rinifpises
Bartl ey, Lahi sibis(BakREthand 1 H, #LoMddikidi@ar agrapnsifdraghdSihdimylag-s-
friction nodifier disclosed in US PatentzWGollcatlon | 725360 ]

i ncl udes an mapicaetor(dphelsdimdarags sheh s 2nii-herrulRly dioy rien ihnethelthioRd
and Re are 5 i rocar byl groups of at |east 6

car bon atorrsesa'lfglllr%%ic agh&f@?%?—%@%@%%g%%%ﬁ 1‘3‘?‘ g‘%ﬁs %’ferelléﬁto 6 carbon atons or

a group fornad2dy theocesadOSALdRIhOfhisdHhibIBYIrhPsMAd kdluddsaPeast one of
t hrough a hydroxyl group thereof, wth an acylating agent.

Prepar at i ve Exangitasogididietl debthipdiaexignpl es 25-Ritt-pomyldishiaptss 68
and 69 of U - | 4 ' A : Oenbodi ment t he
am de of a %}gﬁ"%?%@g?rj g% ﬂe@ﬂ%%%%a‘g‘?gggf%gﬂ%@g?%%ui ng glycolic
acid, phat imlydhughideyacetic acid, HO CH7-COOH with an am ne.
[0138] I n one enbodi nent the friction nodifier includes a reactian

product of dVd?kochhorgemipdieniopt astceft sdntord) thi RAAylpRige inpolgeylgs
The frictio LT 8F..l S 0 : pr.epar i LV
Exanples 1 glr% gleoaf I%th%blg?rgn?lc%%l ggg’?‘f(gerr% 6 /@%%%8%?8(?%@% %ltn%(%ﬁ[e55
enbodi ment twe%, rarcttileast raddwt P& nfithe budes] phidesmotkanioasadaf 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 |l east two hydrocarbyl groups, each containing at |east 6 carbon
atons. An exanple of 20 such a friction nodifier includes the
reacti on 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 nodifier is disclosed in US Patent Application

2003/ 22000 (18428Iht et WBisEIMPYBE i HELTgR Vedudooriesal) or syndigticiksppchs
and 9 to 14. 4N : j bl pfi-erd S
an al koxyl aiSd el enne RIGAE SrTEhTERL b, e Pl R E oGl 48
al koxyl at ed fattg @halssori dipiesc catbedyiio apias dgraphgridt9] akedt2hdodleltSoleate),
Patent Application 2005/0101497. The al koxyl ated ami nes are al so
descr i bed. | POSYPURERMTSIERCY St Pr Y GHITes. | i ne 15 to col umm 9,
line 25 30[[@14d]l | nFane LHROMLARRL hbhe ufdt! GhtAA MRALLI 8F 12Nl Y4&E RN
hydr oxyl am ne conpound as defined in colum 37, line 19, to colum
39, line 38 aémpS Pxangrics of Tathy 58ids 170ndOpi ¢ionbhdlgid, Rmoharnde,cong talindihe
i ncl udes bor d as .such products are scri bed,in col 9, line 39
Lo col am a0 TSI gRiDaBHEF Sutiad Togh Miosaaitule B hene

the frictionygRdisf 4r@r odtRGlkd dBSmathiflak x| Adedegnime §19 -inclﬁ@in(g tall oil,
et hoxyl ated am ne derived from 1.8 % Et honeen T-12 and 0. 90 5% Tonah

PA-1 as desdhispedioilpsazbanpbd, BpeseedSikanédish®i703, 023, col urm 28,

i nes to ah sui.t abl e .al koxyl at ed..am ne conpounds_incl ude
comar i ai PR30 afha ok fIb SR S8 e REES THaHar v Rt
and avai | ablgkdifeomANezOkdiR el picREPhesehhabl i reXaibleasnat. tie%Lefins in

ETHOVEENTm nmaterials is ETHOVEENTm C/ 12 (bi s[ 2- hydroxyethyl ]-coco-_ 10
ani ne); ETHOVEENTPRAIMZO! eYHRoX @ B Ayleena] qt@]t@oc@a@ﬁlﬁ}eymbeéﬂmmns

S/ 12 (bis|2- - t hyl ]l seyam ; T, . :
(bi s[ 2- hydr oc%Ie ”ﬁ?ﬁo IP ?’a%"l gv,\[/-g argmp’%)em?%ggl\@ﬁ éilj]‘ %gdlment the sulphurised
( pol yoxyet hydlefie[ infludkes ol ¢fa) ;deBETEOMEENT mr&yléhe, isobutylene, pentene or
(bi s[ 2- hydroxyet hyl ] ol eyl -am ne); ETHOVEENTmM 18/ 12
(bis[Zl%ydrdRV%ﬁ%@FW%@ﬁgdecylanine); and 15ETHOVEENTm 18/ 25

(pol yoxyet hylesgl 15},06hadsmuliamdiahe pffshipad BespARL @g@%l’éfﬁ{ 86kived
fatty amnes are also described in U’'S."™ Patent 4,941,84 . [0143]I'n
one enbodi memémtpeéyihenigng by kmodinf tedmifwes, adeseian podgsotibed tlprveas
described i Patent 5, 750,476 cplu 8, J.ine 40.to,.colym 9, .li.ne
26 CL0144] | 100 erbbanashibaEiESH: P TRy HkicF e ot ed upgyphide,
potency 20 fiigHirRBd Mekh] @Etef S e hbRd dulhHdSsERt L) pReBA0 s B8 Rutifed
colum 2, line 28 to colum 3, line 26. US Patent 5,848,662 further
di scl o3@s i rdipeitemm sglphurised dgeyclynestadianes sulphneseibtespraei fnd sulphurised
mat eri al s ang: ds .of .pr [ t-he. | otency friction nodifier.
[0145] I n ongggggéyfﬁgﬁ “?ﬁ@ﬁﬁgP%@%@%“ﬁ§8?$? ?K?ﬂ% Gdes a reaction
product 25 dfri@fbn Seaetdrsed al kenyl substituted succinic anhydride
and a pol yami ne as described in US Patent 5,840,663 in colum 2,

lines 18 to [#333lspeé ppe cathsdiinpiints lobrieding eprmpeBHonddithregomprises a
descri bed i , 840, akre . di.scl Q¢ i ,

IEST s e e R R R P
di scl o3®2d i mpresdntian 04yt 94 €5 4% % corc®ll uwnn%eSto 4 €430 PS5 W3 BAPS £ Rt %,

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

lubricating composition.

[6134]  The friction modifier includes fatty amines, borated glycerol esters,

fatty acid amides, non-borated fatty epoxides, borated fatty epoxides,
30 alkoxylated fatty amines, borated alkoxylated fatty amines, metal salts of fatty

acids, fatty imidazolines, metal salts of alkyl salicylates (may also be referred

to as a detergent), metal salts of sulphonates (may also be referred to as a



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

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

| east one fatty epoxide or al kyle oxi de. e fatt OXIde or
ol ol ena’ ox dRRregR s ongShssRon MEOTICT] cab: B e Borfeif s I fllylene-

fatty gr OUpj, arh ih8s, QR dEs §PRydrBRyARA dothSRmqgr oups Of the al kyl ene
oxi de). [0148] The borated fatty epoxi des include those characterised

by the et hdélﬂiir t hepne pn@pdnmntdhe\fmnw 11m¢1@ﬂ‘eve$am01belrefactqf(fnttbfamd

t terial d b g
Vari ous 1 or fETSALRGY 1 OE FUCHCR TR TG Sk ab ARt g e G feid ester
orthobogic afighrifiB&IS) oiaﬁ‘@cél%tl I ARkl £ fid&ich bddiZek340Y be 13}511@rf0r11_1”<]3f a

ort hobori c acid. Reagent i ncludes at | east one fatty epoxide
mol ar rati o ro¢tal exlgemtanpideoan eaidarplise.naymiguigs r’ibﬁ?r&Df y The datpp agigs 111@

O epared by SRS 2o b 8 et tihihs PO Y 4R RS e ERR

of 80C to 2%@rafahtQhail)O seifreted00iC, ulkuratdder i ogu@iblti r’@l(EsUffdcﬁicfént2~
for reaction to take place. If desired, the 20 reaction may be

ef fected in atdhprassihcedeseneics uipstiant BleRTig, | ieptcaripor pEMIYic) | guirigtic,
or gani d' ! g;%ﬂ%ntp‘%f{ lﬂ%lél% 1&'{1?%051}1&) gﬁhoygf]lﬁ 6501H fﬁldoéhgeaq“?snigilgat}ﬂ?%%tural

renove ion rircating Viscosit

| ubri cat | ng pbduae st tjabn dincdildes],naautedil ocors Yok hat iNeais| foopbil 2
lubricating viscosity, oil derived fronlhydrocracklng, hydr ogenati on,
hydr of i ni shitg, e“&‘?ﬂﬂ“@ﬁ’r“e‘flierféﬁ}’ ac ek mag deaicrasid- e adnghp dommal a metal

m xtures they ﬁOft pl[cﬁi‘fql]le N alc1Qddss z1¥ Qcé’éuygiﬁﬁﬁl% nalg Qid ?’ﬁ%ﬁg’ghﬂ%&

oils, mneral m Xtures thereo eti'c ol l's
hydr ocar bon coael‘rsa,seetlahdamm—dnmbahedllirsducastd Hxammjlels estyeresovdrbased calcium

phosphor us-co ta| in i ds nt hetic oi ma 30pr aoduce
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i ncluding a ﬁA@Z °“rBA8£ A0y a%O “EAcfh% r% 3 %‘8 15’ X@‘ $ﬁeﬂn &id with a
Spol yal phaol @finthd 6r 98B 8ROLIERS a Solpe@RBmegolvafim ¢l 0de eRReemistiment
anot her enbodi nent from decene. [0152]In one enbodi nent the oil of

| ubri c& i ng the SEelden podeliermeay be the geifleasation pigidpel @ a fatty acid with Cy to

Co4 atoms, and a polyalkylene polyamine, and in particular, the product of
isostearic acid with tetracthylenepentamine.
[0136] In one embodiment the friction modifier includes a secondary or
tertiary amine being represented by the formula R*R°NRE, 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 swel | i niptapEndsscratidnnok tsutiesa tfhene@fmodlﬁer is disclosed in US Patent
Application 2003/22000 (or International Publication WO04/007652) in
paragraphs & 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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enbodi nent the viscosity nodifier is other than ol efin copol yners,

typi caPly etfhigtienanedidigy lereseusingl ipneBshatog] DETHHA inreelemh Jdilimeris to
the viscosi t%hﬁ%ﬁ“i e iér.'Cblédlgaﬁegt()%,ghé,%egtiﬁﬂﬁgi 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 isomerised 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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O1ls 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 Q|
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 vt % pol yal phaol efin, 10 wt % 2- et hyl hexyl adi pat e), and

a gear 0|I concentrate. The_gear . 0|I concentrate_once_ bl ende
conprises 119 Wietuh rhenoempleyedi élibefi‘ sErtocligad ueflng Q%WVel?fﬁ?}tﬂﬁéqTOPS°11

amount s of nyld f‘ nsanwé%eséq ehl a&msm erised.

2,5-bis(tert-nony thlo) 1 iazole, and 3 wt % of
sul phuri sed [01&f]i n. [d noreddintbaaimehie tgeabaw loil uhmnprm‘ssacpnt}aiphaoieﬁn

Amount of - HATUREIT o ST Tar PRA-S. (VRO%. BHESThaFud ALrt entThe
(ppm GF1 0-p%9ya@p1¢ao5&ﬂ1 (Fen hiddifent 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 [, II,
I, TV, V, VI base oil, or mixtures thereof, and in another embodiment API
Group II, III, 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 IV 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



500 EX1 0.59 O I 500 EX2 0.63 1 500 CEB 0 0 1 0 Footnote: 15THP is
the product of Preparative Exanples. HP30s a Phosphoric Acid product
fromone of the Preparative Exanples 1 to 4, or Preparative Exanpl es
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 §0:20 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 1soprene 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.
[G166] 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 polvacrylamides. 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 automatic 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 variable

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 Qil Lubricants (CE! to CE3 and EX1 to EX2): A series of gear
oil lubricants are prepared containing a blend 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)
CEl 0.59 0 0 500
CE2 0 0.63 0 500
EX1 0.59 0 I 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




10 4 4 10 [0179]Overall the results indicate that the |ubricating
conposition of the invention is capabl e3af providing a gear oil with
acceptabl e | evels of wear 5 performance, particularly for ridging
protection for both ring and pinion. In addition, the lubricating
conposition of the invention is capable of providing a gear oil with
acceptabl e | evel s of wear protection whilst maintaining protection
against rippling and pitting/spalling. [0180]1t is known that sone of
the materi allg0 Hg%cfh%éﬁuﬁbé1@“ﬁﬂf“?nteract 10 in the final

formul ati on,—sotiat—tte glpe |Fbl1§r%Fy gareglb%lll%mgpan%ﬁu o ey be

di fferent frjomthgse that nitra ¢t f or med
thereby, ingluding the produgats fRrippehgupRIdEABR! OPitage/SPaNIGANScoring
conpositionlof. _the.present invention in its intended use_ nay not be
suscepti bl e |of eacﬁhdéscrﬁption &bverth@ﬁess al P-%uch nDdlflbhtlons
and reacti or ducts—are 5 ncgded—wihirn—therscope—of-—the eseft
i nventi on; tﬁgﬁgregéﬂPnirGEntlon nconpasses Iubrpégzt conposij q
prepared by adﬁlXqun%he conponepis descikbed abovuey [0181]Each)of

t he docunentis referre above | s incorporated herein by reflerence
Except in tréﬂﬁkanﬁhmwp ard where Bt herw $é expll(Bfﬂy i ndi catet al

35 nuneri cal—guantities 'W t-ht-s—geseriptign—spect-Ly-ng-arounrts—of
materi al s, reacticﬁhﬁgndl t'i ons, o ecul ar Weight‘9 humber of i bon
atons, and tihex] i KeinRKHE [0 be upger st oodgas nodi higed by tThe wpgd
"about." Unlless otlherw se indicated, each chem cal or conpositlon
referred to hereirEShguIc?be intetPreted| a8 bei ng9® a comercj H}

gr ade nateriﬁgﬁ%hl"h ray-rcontatnhe—-semprs—by-preduets;
derivatives, at %PHSL h mateffals whic¢h are ngﬁ%ally under ¥ ood

to be present in {RE,E0M[RF Cl al pfgde. Thg anount gof each chenjgal

conmponent is presented inclusivel of any solvent or diluent oil. which
may be cust gr@Ef3 | yf BiniesentS i n t hel@onmer ¢dal matedi al , unl ess| 10
ot herw se i ndiecated—t+—+s+te—be 10undetstoodthat—the—upper—and

| ower anpunt, range, and ratio limts set forth herein nay be

i ndependent |[¥})1?9ﬁb' ERAralSiie FaLltY indiigte’ BROSR: Wléﬁ.ffﬁgrﬁo%ﬁo@ftm%agh the
el enent of the i'nvention nay be used together wth ranges or amounts
for any of tlheelmdmeus chbdntod, prpgmm Asgepseall hfenﬂelanpenthldetl@w&s of wear

"hydr ocar byl bstituent'. ocar byl 15 LS. used.in its

or i nary sereelonneh TPy oV prose BT ke e plob” 1o
Speci fi cal | yadditiod, @h@hforic@tidg Goaipdsitidvi dT0ha iSAReR idtapanlé beetdMding a
attached to the remainder of the nolecule and havi ng predom nantly
hydr ocar bon gsapdctéh acespiae avedt ohyarioratesyion gyl snain@inige protection
(i) hydrocar aliphatic (e.g., alkyl or

al kenyl ), d&%pPﬁégﬁ é?ﬁ@gﬁunggglhhgky cycloalkenyl) substituents,

and aronmati c[o18@] i phadsi larowmthtt 3bine the nsatbsals tde edr £DR ilﬁay interact
d tic0]18@] i phaisila ticht 8bine Yol ti bsils tdeb@th (S
substituents s well as_cyclic substituents wherein the rlng

conpl et®d t Hﬁldg@ﬁinah&rﬁ@latm 9 dratdhe compapgndt af Brefang) formylgiion may be
substi tuent sy f | ) t iqtut r
substituents, h%%ﬁﬁﬁ%%? @1g%?htuéﬁtgm%%agg?ﬁ?ﬁg1%§ ﬁ%dnﬁgdgg%arbﬂmtb%
groups whi Chnc]uldlrtg’lﬂl&pl‘ﬁc’ﬂﬂ)cts tfrniedi spdmemipldyong ldkmcmﬂt ca:hrtlﬁrsntdmeof the
predom nantl|y hydrocarhon pature of the substituent g. al o
(especi al |y %ﬁf oHFAUPY uBY dfS. TRiFAAEk yuseal w&xypohé%%éﬁﬁiﬁpﬂble of casy
gljlt())s/lt I”?Lgﬁfts&scﬁgﬁ&i) IQH! rglt%l?efsag%gs WL ltﬁ%ﬁ}ﬁoatmgs ﬁg\(}l react(léﬂ ko fIREE 0
30pr edbfn nanﬂnbbadhg}dwdhar h)bsn schpe adt tre, pr&senhenmmbﬂxtthe)fprekrm invention
i nvention, contai

encompasses lubricant composition prepared by admixing the components
described above.
[0181] Each of the documents referred to above is incorporated herein by

reference. Except in the Examples, or where otherwise explicitly indicated, all




ot her than carbon in a ring or chain otherw se conposed of carbon
atons; and 36 (i1v) heteroatons iA&8lude sul phur, oxygen,
nitrogen, and enconpass substituents as pyridyl, furyl, thienyl and

i mdazolyl. In general, no nore than two, preferably no nore than
one, non-hydrocarbon substituent will be present for every ten carbon
atons in the hydrocarbyl group; typically, there will be no

5non- hydrocar bon_ substituents in the hydrocarbyl group. [0183]Wile
the inventi dHIPRIECah BANTELSS & HegdeseripEPRSPEAH TYIBS | AROYNtE pPE Madef1als, reac-
enbodi n‘enf[ S’ticglt cdlﬁlittié}lspﬁlolll&%ﬂrs&gggtsg H@l&b%a&* Olffor h{s' G4 W Ske, are to
t hereof wi |l becone apparent to those ski 1edin the art upon réad?ng
t he speci fi dat ninderstbbérasfmodifietltby thet wobk "svder's tlhddsst hatrwike indicated,
i nvention discfoaed.h reinis jntenggd 10t o cover gggh.nodifi ations
as fall wit Hidh? CHEMIGES B CBFPORE O FERERS Ot AP iRssous DeyRIFIreied |25 Dt
is: |. A met hod fgle bidbrd:5@d ile@aldWNG] IR d8M1aGe HOMREhSsNSDy-products,
supplying to 5the driveline device a lubri‘cating conposition

conpri si ng akrigatived, dndbpiheatsuey mesciel twhidndramoantllyeardepdoddhdge, be

sheroin {he N Lyesr, packase CopELSeR.. (2). e uaar, sqnt, whLch.
Lororl 8, ol Mt 5 S o mhnearl v plo & basdti
present in the commercial material, unless otherwise indicated. 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" 1s 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:
(1) 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, substituents 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



Y and Y' are independently -0-, >NH, >NR3, or an imde group forned
by taking together both Y and Y' groups3¢én (Ib) or two Y groups in
(la) and formng a RI-N group between two >C=0 groups; 20X is

i ndependently -CH2-, >CHR4 or >CR4R5, >CHOR6, or >C(CO2R6)1, - CHS,
-CH2R4 or CHR4AR5, -CH2OR6, or -CH(CO2R6)2,-R6, or mxtures thereof to
fulfill the val ence of Foiniula (Ia) and/or (Ib), with the proviso
that only applies to Formula (] a Rl and R2 are independently
hydrocar byl grougd) hsRreogtamg WgHdSc BRIBYIT, gPEsH, nitrogerRganth FILRANARSS

'g Pgﬁgg ngre nﬁlly t %t?ﬁélr&bt(s‘ Q4 333/'6@3[‘ %ugﬁoﬂﬁg@ﬁ el h1 az?)gjyli nlg e%ee & e,n?(f §10% than

hydr ogen or tarohpchffe@at)byb nggreupan by@ieal-hydrocaban rshb@tﬁezttwllﬁﬂe [)asdohig)
atons; and (b) a phosphorus conp ﬁ1nd 2. The method of claim1l

wherein the BhS‘éfﬁ}HdPl%a‘@SH;%‘E}Ha“? chvdsasarhy goupebyaicallyy thegs will be no
phosphog us fﬁmﬁ!‘m dr oxy-substi tuted
di - es?stvar 018 I o? Zhgg% %I?Siﬂgﬁ%%élagl, thgrhydloca{(ﬂ})](g?? ‘a phosphoryl at ed
hydr oxy- subq0i§3it edWiiite dre trivientiesthes betn (ekhla)qhos pHetioc t@adisdprefrikde

met hod of an recedi n cI alrrg Cge&el n_the am.ne or gﬁgt al 10 alt of a
phosphor us _ 81_11is ISRy PEx YA Pe (thiledardpus Bwdgicasions thereof will
(thio) Phosp%"cbﬁea&ﬁﬂw;ﬂ thh ¥R Ohn 3RY RF %8&“1@%;%%1@1 ‘é’@ﬁfc%h@n
the amine or netal 'salt of a phosphorus conpound is a osp%oryl at ed
hydr oxy- subs'lfliet efbeg) itis toore tmdesstved thoft the hl\@)lphnsip&ubwsed heecid.is iBBndRide

o  hor 101 % Ry ity PeoBate flneett ol P Ep SRR AR e R P

(ii) a phosphoryl ated hydroxy-substituted di- or ti-i- ester of
phosphoric acid 6. The nmethod of any preceding claim wherein
Formula (la) and



20(1 b) have at |east one X that is hydroxyl-containing. 7. The
met hod of any preceding claim wherein Bfhie conpounds of Fornula (Ia)
and (I b) are derivative of a hydroxycarboxylic acid selected fromthe
group consisting of imdes, di-esters, di-amdes, di-imdes,

ester-am des, ester-imdes, imde-amdes. 258. The nethod of claim?7,
wherein the derivatives of hydroxycarboxylic acid are selected from
the group consisting of imdes, di-esters, di-am des, and

ester-am des. 9.The nethod of claim7, wherein the derivatives of
hydr oxycarboxylic acid are derived fromtartaric acid. 3010. The

met hod of any preceding claim wherein the antiwear package is
present at OVOAt wstcl®ioted i0 Wt % or 0.05 wt %to 5 w %of the

| ubricating conpositiopn. 39 . 11. The method of any  preceding
claim wherein the con%eﬁﬁtﬂepdoﬁormq?av%efgydaw PP FANRIEREHHPPAHNE to
0. 005 % t - W O : 2 060 : i i atino
corrpos;,\"‘{ i on.tﬁe Jdgw\éﬁnel(g?\%rehg %gl'?%%%go?&%ﬁﬁleéoéﬁéﬁgé gi(ﬁftomg}r)g?e}]tmb
t he phosphoruiscostprpdandniisvepr psdnage.avh@eli0hevanti%enopddkage c&émpose. 05
to 2.5 w %of the Igbricatin conposi.tion. ) 13., The net hod of
any preceding cl ai MR HER HESR LB Ehil NP SHSERTTGRY fadompound of

sul phur -cont ent of grqﬁﬁﬁﬁﬂgb@%agdﬁqubﬁb or 0.4 wm %to 5 wm % of

the lubricating conposition. 1014. The rmet hod of any preceding claim
wherein the driveline device is/a manual tr
gearbox, an axle gear, or an automatic trags
any preceding claim wherein tHhe driveline
transm ssion, a gear, or a gearbox., K 1516.T
claim wherein the driveline ddvi cET35

sm ssion or a gear, a

i1 ssion. 15. The met hod of
vice i s a nmanua

net hod of any precedi ng
W C transm ssion or

-

an axl e gear. 17. The nmethod of any pyeceding claim wherein
the lubricating p

10 Formula (1a)

N
Formula (1b)
wherein
15 n’ is O to 10 for Formula (1b), and 1 to 10 for Formula (1a);
pislto5;

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;

20 X is independently -CH,-, >CHR* or >CR*R®, >CHOR®, or >C(CO,R%),,
-CH;, -CH,R* or CHR'R®, -CH,0RS, or -CH(COzRﬁ)z, =€-R®, or mixtures
thereof to fulfill the valence of Formula (1a) and/or (1b), with the proviso that
=€-R° only applies to Formula (1a);

R! and R? are independently hydrocarbyl groups;

25 R? is a hydrocarbyl group;

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

groups), ester groups or hydrocarbyl groups; and



conposition further conprises an organo-sul phide, or m xtures thereof
18. The method of claim 17, wherein the3g®rgano-sul phide conprises
20at | east one of a pol ysul phide, thiadiazole conpound, or m xtures

t her eof 19. The method of any preceding claim wherein the

| ubricating conposition further conprises a viscosity nodifier

sel ected fromthe group consisting of polyisobutenes,

pol ymet hacryl ates, . pol yacryl ates, esters of maleic a dride-styrene
copol yrmers, esters of wdearedeaiipy dwdmees) ori a é]déiﬂ%%ﬁsgf%anﬁmlcaﬂy
m xtures th of claim 19, wherein the

Vi scosity rrgcrg?l?gmmgllstoaw%g a;lllgr[r(gf acryﬁg(% 21. The nethod of
any preceding clquniﬁotﬁmﬁMBcwmmMUﬁdn t he viscosity nodifier is
present 5w %to 60 wt % or greater than 12 wt %to 55 30w %, of
the lubricating conposilits gfthodof claimp3, whergip the RRPSHRCEENERIBPYIGNS an
conpri s§ ng tiwear package,
wher ei ?15 t heaazlialfhlﬁlé \[;\}elglgtak %%%?Hggﬁgﬁé %ﬁjoﬁgﬁgﬁw Saégt%ggnt | wear agent

whi ch nmay be represent(@d: lyrexyeobpitiuted ddf eskeoofittha)fHoaphardicat, of | b) :

Formula (la) 5 RL1Y
(12) (ii) aRghosphoryiated hydroxy-substituted di- or tri- ester of

(thio)phosphoric acid.

3. The method of any preceding claim, wherein the amine or metal

10 salt of a phosphorus compound is a hydroxy-substituted di- ester of (thio)phosphoric
acid.

4. The method of any preceding claim, wherein the amine or metal

salt of a phosphorus compound is a phosphorylated hydroxy-substituted di- or tri-
ester of (thio)phosphoric acid.
15 5. The method of any preceding claim, wherein the phosphorus
compound is erther:
(1) a hydroxy-substituted di- ester of phosphoric acid, or
(i) a phosphorylated hydroxy-substituted di- or tri- ester of phosphoric acid

6. The method of any preceding claim, wherein Formula (la} and
20 (1b) have at least one X that is hydroxyl-containing.
7. The method of any preceding claim, wherein the compounds of

Formula (1a) and (1b) are derivative of a hydroxycarboxylic acid selected from
the group consisting of imides, di-esters, di-amides, di-imides, ester-amides,
ester-imides, imide-amides.

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

9. The method of claim 7, wherein the derivatives of
hydroxycarboxylic acid are derived from tartaric acid.

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

lubricating composition.



oon Fornul a

(1b) wherein n' is 0 to 10 for Formula (Ib), and

Ito 10 for Formula (la); 10p is 1 to 5;39 Y and Y' are

I ndependent |

y -0-, >NH, >NR3, or an imde group fornmed by taking

together both Y and Y' groups and form ng a Rl -N< group between two

>C=0 groups;
>C( CO7R6) 2,

X is independently -CH2-, >CHR4 or >CR4R5, >CHORG, or
15-CH3, -CH2R4 or CHR4AR5, -CF20R6, or -CH(CO2R6)2,-R6, or

m xtures thereof to fuylfill the val ence of FO{nuIa (la) and/or Ig),
sniad of

with the proviso that i Petias pEany Precsidig &

i ndependent |

R5 are independent

hydr ocar byl

10

15

20

25

a(lqna)\?&:'hWIHa

BorR O 0GR I0RY | b 0k QB 8801085 8y ALORRRDY, SHOUPS 12D B4 AR
y ket'o-‘cont ai ni ng groups, ester groups or
ofrtepdricandg composition.

12, The method of any preceding claim, wherein the phosphorus
compound is present at 0.005 wt % to 10 wt %, or 0.05 to 2.5 wt % of the
lubricating composition,

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

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

15. The method of any preceding claim, wherein the driveline device 1s
a manual transmission, a gear, or a gearbox.

16.  The method of any preceding claim, wherein the driveline device is
an automatic transmission or an axle gear.

17.  The method of any preceding claim, wherein the lubricating
composition further comprises an organo-sulphide, or mixtures thereof.

18.  The method of claim 17, wherein the organo-sulphide comprises
at least one of a polysulphide, thiadiazole compound, or mixtures thereof.

19.  The method of any preceding claim, 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.

20,  The method of claim 19, wherein the viscosity modifier is a
polymethacrylate.

21.  The method of any preceding claim 19 to 20, wherein the
viscosity modifier is present 5 wt % to 60 wt %, or greater than 12 wt % to 55
wt %, of the lubricating composition.

22. A lubricating composition comprising an oil of lubricating

viscosity and an antiwear package, wherein the antiwear package comprises:



R6 is independently hydrogen or a hydrocarbyl group; and (b) an am ne
or netal salt of a phosphorus conpound #fat is either (i) a

hydr oxy-substituted di- ester of (thio)phosphoric acid, or 25(ii) a
phosphoryl at ed hydroxy-substituted di- or tri- ester of

(thi o) phosphoric acid. 41 23. The lubricating conposition of
claim 22, wherein the conpound of Forrmula (1a) and (lb) is a
derivative of a hydroxycarboxylic acid. 24. The lubricatin

conposi tion of clai m 28) aWIBRBICAT L&t JEHFl 483X, Be geprgsented by a compoun

hydr oxycarboxylic acid i §rfghe6hedf4,4MmLME)-9r oup consisting of

i mdes, di-b5esters, di-an$de§, agdakétg%}gﬁgdes. 25. The

| ubricating conposition of any preceding claim23 to 24, wherein the
derivative of a hydroxycarboxyljc acid is QF ived fromtartaric acid.
10

R—Y H K

p

Formula (1a)

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

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?, >CHORS, or >C(CO,R%),,

15 -CH;, -CH:R* or CHR'R’, -CH,OR®, or -CH(CO,R®),, =£-R®, or mixtures
thereof to fulfill the valence of Formula (1a) and/or (1b), with the proviso that
=€-R® only applies to Formula (1a);

R' and R? are independently hydrocarbyl groups;

R’isa hydrocarbyl group;

20 R* and R’ are independently keto-containing groups, ester groups or
hydrocarbyl groups; and

R® is independently hydrogen or a hydrocarbyl group; and

(b) an amine or metal salt of a phosphorus compound that is either

(1) a hydroxy-substituted di- ester of (thio)phosphoric acid, or
25 (ii) a phosphorylated hydroxy-substituted di- or tri- ester of
(thio)phosphoric acid.



10

41

23.  The lubricating composition of claim 22, wherein the compound
of Formula (1a) and (1b) 1s a derivative of a hydroxycarboxylic acid.

24.  The lubricating composition of claim 23, wherein the derivative
of a hydroxycarboxylic acid is selected from the group consisting of imides, di-
esters, di-amides, and ester-amides.

25.  The lubricating composition of any preceding claim 23 to 24,
wherein the derivative of a hydroxycarboxylic acid is derived from tartaric

acid.



