WO 21110/PCT/US2009/052286 ANTIWEAR HYDRAULIC FLUID COMPOSITION WITH USEFUL
EMULSIFYING AND RUST PREVENTION PROPERTIES Field of the Invention The present
invention relates to detergents utilized in antiwear hydraulic fluid compositions. In particular, the
present invei&rPY&I&E8X*o antiwear hydraulic fluid compositions which caRdelisdeftiPidessertain
mobile equipment applications (e.g., hydraulic fluids for construction equipment). 10Background of the
Invention  ANTIMERR HYDRIQILITFRIGIT SOWIPESITION WSTHTOSERIGVEMIS Itser wdormulated

with rust inhibitors. Typical rust iANDItRISSTPREWVE NTHONPROPERTIBS acid derivatives. Hydraulic
fluids are also typically designed to separate readily from water (demulsify). Often, metallic rust
inhibitors act to improve the demulsifying ]?_Sggaa(r)?%%ri nt\i/csnt(?é the fluids. Japanese Patent
Publication No. JP1999311187A describes Sith ontaining (A) a base fluid of a sulfur
contend of up to 100hspmne$B)02«¢ntionABlafezine dittdapldsphiatesd@) er2itaat. Bydrbancaikatine earth
metal salt lcylic acid 01:-Q. 9 r- i tipnal
Applcaton o NO000H308 Hoaibas & Pyttt forg aomr ok br e AR A RE o of
magnesiunfeaIRSAdieen 0T -Ste oAkt drhieptispigleleT BawpaIenii@BRigatBMPositbn also
comprises gyl nniRiigs- dhioRstRlisasion flgardiasloses the combination of a calcium salicylate, zinc
dithiophosphate, and a rust inhibitor. 25The above publications describe compositions incorporating a
metal salt of an alkyl salicylate, zinc dithiophosphate, and a rust inhibitor. Typically such compositions
also inglude demulsifiers to facilitate thg sepatatiengfimaieydeamthe fluid. However, there is a need in
some cases to have hydraulic fluids which emulsify, rather than demulsrfy, water.. These include fluids
with enhanced détgageuicafididiispessaint Botehaeistornstics feny. feel calledcHiEP® thisd tH&AL R fluids as
defined by the-GernanBIN 3L pRHREo R and Ry diaitlinfuids farssraidnoRile SauRaaRt

applications (e.g., hydraulic fluids for Caterpillar equipment, building machinery, excavators, hydraulic
hoists, liftingGla8@riMaivereJdudrasia fddskarevaRa dirpinali¥r desianstb rneRRarE S| nRadiy iR be

adequatelyyampveiirarsit)e emdapmeriiardingtoineerdidrisatian. FRgB\R-theddmulsifying
2010/1414833PCTRIS20119/052286 fluids, which are typically formulated with large amounts of
dispereantEHEHUE)D PritGidl ffese emulsifying characteristics. Hydraulic fluids with certain

sulfonate detergent 6aRealsPRaye tPeBREBIANBIISI SPGB AELIeIBRYERtIE M positidRe aspect

of this invention is an antiwear h{draulic fluid composition comprising a major amount of a base fluid of

lubricating FRIMGEMP AN £ HRSET iR SHHHTCE B R SRUBRD g Enthdditve A1t detergent
additive comprispscssadief am) alkylisubstiiugedhyslkaxyleeszoic meie oA ilfkizsddadvative thereof,

wherein 10 said salf is selected from the group consisting of alkali metal salts, alkaline earth metal
salts, amm&ﬁﬁlﬁnagifé'%?@u "sﬁﬁﬁé’ﬁ%%’r%%?ﬁﬁ?ﬁ%ﬁg?ﬂ%d wherein at least 90% of the alkyl groups of
said &Ryl-substitutethteydadiylaénApicliaeitbareNoi4 oF QBB 2BuUrtiaanribes, the aptimedc hyldidulic fluid
composition i leve.an fs] Ll of fluid, 0 ml of water and 8 f emulsion
(abbreviate%d@%%f 0 cﬁ%&q‘r%%% eﬁfn@ﬂé%@eﬁe’%}g}fié‘ %#Rﬁtse@%rsné@g?r% tr%e“iswr 'R/(I? 1401
water separdbtfitpfiasterdithiswhasahnte antiwendnydiadliod Gertesspositeacthasrarbaasorylast Index of
greater thagy Q984 This publication also discloses the combination of a calcium salicylate, zinc

dithiophosphate, and a rust inhibitor.

25 The above publications describe compositions incorporating a metal salt of an
alkyl salicylate, zinc dithiophosphate, and a rust inhibitor. Typically such compositions
also include demulsifiers to facilitate the separation of water from the fluid. However,
there is a need in some cases to have hydraulic fluids which emulsify, rather than
demulsify, water.. These include fluids with enhanced detergent and dispersant

30 characteristics (e.g., so called HLPD and HVLPD fluids as defined by the German DIN
51 502 standard) and hydraulic fluids for certain mobile equipment applications (e.g.,
hydraulic fluids for Caterpillar equipment, building machinery, excavators, hydraulic
hoists, lifting platforms, presses, and the like), wherein water separated from the fluid

may not be adequately removed from the equipment leading to poor lubrication. Engine
-



Another aspect of this invention is an antiwear hydraulic fluid composition comprising a major amount
of a base fluid of lubricating viscosity and a minor amount 20 of at least one oil soluble detergent
additive. This detergent additive comprises a salt of an alkyl-substituted hydroxybenzoic acid or a
sulfurized deM@8VEHé¥ebf, wherein said salt is selected from the group fiBEtNgIGfsansali metal
salts, alkaline earth metal salts, ammonium salts or substituted ammonium salts, and wherein at least

90% of the frltad, areiPS HESHSI Iy Irskhside d i dEgybangain R el RSB rdeh ey, 2PIEESY: to

Furthermore, the hydraulic fluid composition is able to achieve a "pass" result in the ASTM D 665 rust
inhibition te¥PMEthdac S dSHY SR aF HGRIGTIR HiSid EBRTBYYS fﬁ)ﬁj&s WL BGASHIRER S greater
than 0.034 deteBemesiaglyisvehayiézenththateaksas described above exhibit excellent emulsifying
and rust inhibition characteristics. This combined performance is 30 unexpected when compared to
other detergents. One advantage of the present invention is the reduction or removal of conventional
rust inhibitors, such as metallic naphthalene siiferictagithsalisofe.g9., NA-SULO from King Industries).
WO 2(110/014833PCPUS200 105%?286, Detalled Description of the Invention. =~ Antiwear hydraulic
fluids are used in hyARUIRRS St ple (RN 5 iﬁ%@@ﬂ\ﬂﬁﬁ%lﬁ&%ﬁ Brityie h%%ﬁﬁé'g@é/tems, for

example, te@reréitgvean ajprraowing troétabesetieidl slitadestisy cisassiteehanasteabs umeest

Aniwear hydraulia luids aieUeglil Jof examniGyin BreyRRTag Wear In g ArieRuof pumos, lngluding
but not limited to, vane pumps, pls%on pumps, and géar pumps, commonly uged'in y(?raullc systems.
Antiwear hyﬂm%ﬂhﬁi@atéotwdw@eqmm@m&n ﬂm@mea satterkthdéndrivdicrsyseinveueteas
Motorg, acugipis, and plslans Aativeat hydraulie Ayids iy iealiv-foRialn; anl| ?%rtlf’a(iil;ﬁ'év%%x‘?ﬁ extreme
pressure agents, such as zinc dialkyl 10dithiophosphate. The antiwear hydraulic fluid of the
present inveiRidnEXisibAT Sk pefsrPasee Tetied SMraaaioh 18 EntRieanprstitiah |saParticular
emulsificatigmanst ruet RIRIEGSIRNPY sddiianatiap-anbyraray diric fhEdQfithgsriegrat dnyestion
exhibits good oxidation stability, good filterability, good thermal stability, low internal 15friction, and
good hydrdNRR b NSO B @fiugiigVidasdis uid arepastion & 1abikcdAngRisdBsity
employed indhieys eseatnineentionomayddeurinenall @ff ansyndhetieis.oh Sase oih havinedatsgosity of

at least 10 ¢St 2/s) at 20 40 C. and a pour point below 20 C., preferably at or helow O C. js

desiriéle. 18%"%@5306?596‘ rﬁ‘é?/%%sd%rri(}@&‘?r%ei%ﬁ#qétf& o?‘é{b%ﬁ?r%|°£orﬂf’685'.”|\hi eﬁﬁ?@%ﬂ%@i as the

base oil in thégenvendoabiitiuts; foretxadn @ed parafiinicyeaphtieaidiarfilidtlentlhodgitratae ardinarily

used in lub % %%5%88%?%@3@’&4%@@? include, for example, both hydrocarbon synthetic
mi i

_ A48 ample, bot |
oils and synthetic esters an tures thereof having the 25 desired viscosity. Hydrocarbon synthetic

oils may include, for@Ramprariudd ol rivientiating thie propreearstrdian ivefatb¢oroposieon
polymerizafigmgfi§Hy e At ighehalRnaRising @ Ay RIBRAAIBEN REEAD L QT TomhBydreerron

synthesis procedures using carbon monoxide and hydrol(r-qgegl gases such as in a Fisher-Tropsch
|

procedy. ESHELISRAPLRRRAPARO I 8IBmsMBLNGRd o ARREIINt 898 IVECAIMRESRS AetAs such as

1-d%celjle :cﬂrm-diﬂﬁ}%@&%ti@hlmi b@?zsmaﬁﬁr@%@rdeg?@ul_@h @éﬁ@ﬂ%@%}ak&ﬁé%ﬁiréﬁfﬂ_ge
used. Useful synthetic esters include the esters of monpcarboxylic acids and polycarboxylic acids, as
well as moRg" ﬁi/gg)& Rﬁjgﬁ%g irr?anpzﬂ%g.()?ﬁ?p?&]sémp?ésagf@ ’diﬂSE?éc?ﬁ'%iéé 8'Ine#38  thritol

tetracaproatestdi Zelisylbexybadipatesitilaurglsetidctte, anchthedikes&lismptek estetsprepasast from

WO DI 10/%§ 3 P%'EMB?%

4 09/052286 mixtur f mono and dicarboxylic acids and mopo and
dihydroxy a afﬁo scana Q@éouusé% .O%Ig%'és 80? }4%%%@?%‘.%‘&,5#@% %PCZSE S %?@q afes ugsul For
example, bsadieof 161_Wh%rt®|zes Wievhlidcautefatdd conposiiomimenieitho7 Baietetapasso 150
SUS (L00F3mingraheingefe ssedient iubiieatingiolinagety. o Baneiobgf thaRigReRipvention

is present in a "major amount.” A "major amount” of a base oil of lubricating viscosity refers to a
concentratieR AR Wit GRECRYURIGIE derdot ehesdaitibabP &tdéast about 40 wt %. In some

embodiments, " H}a}%ﬁ narpou\"r;llte" %f %eb seno'l %a!%b%i tin%viicos't refers toac;h\c,)& entratlfn tOf the oil
within the hydrau i gmposi 161 %f At 1east Abaat B0kt o4t %dst% Bt 60 W' 595"t ast about

uid %
70 wt %), atriedstaboutB@ wild, anlaibliéast abeut@6ngti®s. This combined performance is

30 unexpected when compared to other detergents. One advantage of the present
invention is the reduction or removal of conventional rust inhibitors, such as metallic

naphthalene sulfonic acid salts, (e.g., NA-SUL® from King Industries).



Detergent additive As discussed previously, the antiwear hydraulic fluid composition employed in
the present invention comprises at least one suitable detergent additive that is oil 15 soluble. Such
detergent additives comprise any suitable carboxylate-containing detergents, including
alkyl-substitutt Hy8ids§tenzoates and sulfurized derivatives thereof, wheteriihP8¥28ase Number
("TBN") of the detergent additive is typically less than 200 mg KOH/g, and preferably less than 160 mg
KOH/g. The term "Total Base Numpbexaipsd TBNCHpfers ¢o the ieasmialent number of milligrams of KOH
needed 20 to neutralize 1 gram of a praduct. Therefore, a high TBN reflects strongly overbased
products and, as é‘ rr‘é\éﬁﬁfaq‘})f%?ﬁ P%gguégrsesaerﬁleu?oe n@ut?éﬁz'%ﬁ’é‘%& ? Se%?BN%\gf%br\gaa&t'Qan be
determinedhiiycASTid4 | Stanidardtior Dy2896iosggigivaletnt promediaetdArevenbased detengeimigcan be
any detergent.i [ T f.th itiv s been incr by a proces h,as the addition
of a base s%%ﬁ@e\%guﬂegf ﬁr%cggér% %ﬂ\d%%:igﬁg%\?&b%%ﬁé gﬁ?n%%unaﬁzgn%%aeraéy?; “é??cﬁ%%ge).

It is préferretbtiaerol 401exst %, (SuBreaSHiNease80%, Aty 850p Uat iea st 909, aitleasto95%, or
at least 9994} pf the, alky| SRinsCoRainesLwitinhe deterganibeucthandhs AlkubaroHpsAlac

carboxylate-containing detergent, or of an alkyl-substituted hydroxybenzoic ‘acid) to be C14 or greater,

such as C1$M&a0Sc IMIEeEa0 Dydry o Meide 1232 ranide nheciaelsRifninst 18a6ts7596 ifich as at
least 80%, g deasiSaYat@hlearho8%ontnastRalaidrt ablepsidahe) ofihe cdkyh gieaRrcCamtRined

within the detergent, with the remainder (such as 25% or less, about 20% or less, 15% or, WO 201(1
4833P PIL PO52588MR81WE85 BPRUILESS, SR ETEH S A% 1S5 tAS &1kY Ghaliys
contairfed withiopghesgeteegent to be 08 or greater (such as 08-014, C10-C14, or even C12-014). In
one preferred emhgodiment, the detergent compris salt of an alkyl-substituted .hydroxybenzoic acid
that s derived ror A SIS Sebo R Wyl b Cbr e ackl B whet T8 ol et the
residue of memaraipta-slefinscontaitipatizast®0% 020 Ectiveater perhcalalpracdédfication  In
another e [ r ri : o based
fDEN rH?chiF; dgf)%%ﬁ%ﬂ, ﬁ?é,@»%@é’%}ﬁ%?a?rﬂﬁ fﬁHSho@%r%f@‘éégf& nﬂﬂeﬂﬁSﬁ

salt) of an alkyl-substitute enzoic acid, or even an alkali metal or an al e earth metal salt,
or an amméniliftaseedistivaian stahanam Sty geadstitae agiitoxgyensitnacid. In
anothes empeginestdtie SieiRgeN1ROsUBIRES an overbased salt (such as an overbased alkaline earth
metal salt) of a mixture of alkyl-substituted hydroxybenzoic acid and alkyl-substituted phenol. In
another embodiment, the detergent comprises an overbased salt of an alkyl-substituted
hydroxybermgie anibandipicatroverbassg salt of an alkyl-substituted 15 phenol, in combination or
mixture with a norﬂ%vgbaseﬂ s?l‘t f.one or more %1/‘ an Ikglasubéﬁituted h r.oxr%b?nzoic acid and an
alkyl-substituted pHEhBPTR ShSthEPERBBEMERTStHe SRRIREST H/PEUNEREY EDMPStiBI¢othprises
one or morendeterigehts sgnipeisingjlanfoverdeasit thadhgbansabiyibsubstitetsd hgd®kybenzsjcaacid and
no othgr oveghasgd sl (pihshfiandhesal ofibe eleraesfl.ding deraenl paAdd e, fhis
regard, can comprise any suitable concentration of anion (e.g., organic anlonf associated with the
carboxylateddaln@y baldefives Arpl-sybisiceer hpdiodyisengeic Miiwal oilSomesads-linttbrsexamples
of other suifable gpterarmishiciunay Be sssd Mcombination il sikstinednuids that

hydroxybenzoates include alkyl or alkenyl aromatic 25 sulfonates, borated sulfonates, sulfurized or

unsulfurize@"fetgiraity 8pasLIT MRIIGE NI ePraResiPasoREtiO edhRIBUINGL KPR XABR: hydroxy
aromatic swianaipgrsudfdgzes) ahansuiiyized althenalkeays Raphihirnatesiaeiat sallsref slkanoic

acids, metal salts of an alkg/fl or alkenyl multiacid, and chemical and physical mixtures thereof. Other

non-lifmting ERARTIES BPLNta ST HRRIOSR: SRS iftiB 8 Metdl 35S uIfShafE Bty 1A
phosphonagesytteephasplptraiescut exndiitativasdhealdafmline meltahesapdiieaioy anejedsalitable for
making sulfonate, salicylate ar phosphonate detergents.. Non-limiting examples of suitable metals
include Ak S e ot AR P Lo e 0 i or e B R e T o
Mg, Ba, Srprqd¢duléputieglikerbdWOnR008tE1d48 33POYEM22S2960L152286 FisheThiodesergent

9, & ! WanRoet 200 . ent
(o5t A e oF 2 COUR o e aHHE S LETear L By B ity Fecoaat (he toal

weightQf tHaafnsteisaehthRIGEE diaeenhisitre BREPENZANTR PBORRAGIESCOREcEMFUZation
being carriefakupderirendiiansstipsiared byihessiandacd ATy R2R62 (hehaddhe poted that

centrifugation is carried out without dilution, i.e. without adding solvent); immediately after

centrifugatiBIPPRARBRIAE F4HE FEOSPWFREPCIOIRSAS dotdmitigl AP PRSI 9L Ye 85 AIR10.05%

viv (volumesatithe! gsipoSiindth erspasittodkediobang v theamixterahdherprotutidsgoasitdergd as
soluble in oél_.leOT e aﬁoremeptiom—:-d oi!sse%lubl deter %net zﬁggiti(\ée in }he an%iwear hydra

. li
hylnexyl adipate, dilaury acate, an ompiex esters prepare ﬁfom
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fluid composition of the present invention has a TBN typically less than 200 mg KOHig, and preferably
less than 160 mg KOHY/g. In the antiwear hydraulic fluid composition of the present invention, the
concentration of the oil soluble detergent additive itself will generally range from an amount of between
about 0.05 WiVéh g 4%l 48out 0.3 wt%, and preferably about 0.07 wt% to atfoli'8294{%2286, based on
the total weight of the hydraulic fluid composition. Alternatively speaking, the detergent additive of the

present invan@jmis&raﬁﬁm iha diadoaynelstidA N nabamanatdiel deiryosrbadditbenrafess to a

concentratj on of the nge en addltlv thhln#he rsydit L¢|IC ﬂgud composition o I s than ab ut 60 wt
%. In som %rHSSgl 2 D0 ™MD g‘r‘ﬁow F IS ﬁeﬂ EN(olid Sr%fg?se% SAtPAIGn of the
detergent zhxtﬁhmi\%eo\fvrtﬁlwttﬁe tayﬁﬁautlé/dlmdi cayapesEtion dédess thamealvott O th% tmf Bssititan about
30 wt %, o %lp O wt % wt % f Iess than about 0.5 wt %.
Generally spea ng,d 9'3 !serrl%ldlcon rol varnEl?g)rhjrt\tg;r %gnrégdge%%s s and 25 rust by keeping

insoluble particles in colloidal suspension. Metal-containing (or ash-forming detergents) function both

as detérgents to dotreR e B SHstNgner a2eati B PR e RS STeistith i FIRIRS, IeEBY rédUBRig wear and
corrosion aa*iﬁc@ﬁer&l@%@ggl@m@mw@cﬁ%‘Kgﬁfﬁ@ger@%aély&@m@ﬁ@@r@mrdsm@ witfvardeng
hydrophobijc t ith th lar head compyisi tal s |d|c or anlc compound, The 30
calts may ORI B A ARSI R ARy Ieockal I, SHTCH EAGORIE AR cually
described amjmrmabonﬂmﬂtaabseﬁsakaﬂﬁutmmmma&d:wlmxytmnztoadiecdetmrgmmcaddmmeacmmponent
WO 201401%&8%°)§]P%T(§Ja 3@9/1&%%%186 sxtlo terg[enbo dtng/% n th? ntl\{vegr hﬁg? MC fluid
composmon 0 eSent invention can be characterized e amount of potassium roxide
equivilent %o, mdmbmwf%ﬂkyt %iﬁti&&eﬁ&bﬂﬁﬁ@hﬁr&oa@@é@t@@tﬁ&%@%m as a sait of an
alkyl substituted hydroxybenzoic acid), or a sulfurized derivative thereof, present in the detergent
expressed as mg KOH/g detergent and referred to as the Carboxylate Index (Cl). Thus, a detergent
additive with 56 mg KOH equivalent hydroxyphenyi carboxylate per gram of detergent would have a Cl
of 56 and WEIRISE FERALF 10 as 56 Cl alkyl-substituted hydroxybenzoate. 10Determination of the
Carboxylate IndexotsBiaiesganesiddilyetancafiapahntiwesylidydraudiorhaisitoanspasitiped in  The
alkyl-substj F]uted h%/drfxx ber}zoate deter ent ,[agdltlve IS dissolved dn an organ d%§olv%gt gmd w[ashed

three times WItH eéqual vo Gmes of A il €, s?rong Satc'i')dn_e[SS szcgﬁutﬁgn eltﬁega ueous Iayers are Qollected.

The dcﬁnbuaeuxtaqueoﬁsdayé%eagemasﬂétﬁwmh @mmmgw|@s¢|\mntamhecmbewet@fmn@!mngoved and

th [ t t

decanned. TR e A D B
The Carbotigsgelingbgreindhthé @éte?@éﬁt%iﬂ%(cﬁﬁ%bﬁfﬁé%ﬁl%@@@ﬂtf?é’ﬁitﬂfl@ RIBARRY Yormula:
Cl = (V1 X fags Mh<E8081MG deomngreindv drisd oMo luBaer haduissl kg eash/ éheﬁﬁét RPehPaipidn the

titration curve; C is the concentration of the dilute, standardized base; MWKOH is the molecular weight

of KOH: arkPSeWYERRS ViSighPbf fisiesmidn- gl?o%ﬂfﬂi’é’é)eﬁf/ﬁfﬁ??ﬁéﬁéaﬁ logams A QHIRRISEnce the
Cl of tioe detergantageitive-drasdpeeprealaitlaredréhe & lohibe ABtIWedActs strongly overbased

products and, as a result, a higher base reserve for neutralizing acids. The TBN of a
product can be determined by ASTM Standard No. D 2896 or equivalent procedure.
An overbased detergent can be any detergent in which the TBN of the additive has
been increased by a process such as the addition of a base source (such as lime)

25 and an acidic overbasing compound (such as carbon dioxide).
It is preferred that for at least 75% (such as at least 80%, at least 85%, at least
90%, at least 95%, or at least 99%) of the alkyl groups contained within the detergent
(such as the alkyl groups of a carboxylate-containing detergent, or of an alkyl-
substituted hydroxybenzoic acid) to be Cq4 or greater, such as Cy4-Csg, C14-Cazs, Cia-
30 Csg, or C14-C2s,. In some embodiments, at least 75% (such as at least 80%, at least
85%, at least 90%, at least 95%, or at least 99%) of the alkyl groups contained within
the detergent, with the remainder (such as 25% or iess, about 20% or iess, 15% or

4-



hydraulic fluid composition can be readily determined from the amount of the alkyl- WO
211111/014833PCT1US2009/052286 substituted hydroxybenzoate detergent additive present in the
composition. This is expressed by the following formula: CI of antiwear hydraulic fluid composition =
(CI of alkyl-s(Batititet H¥jéiroxybenzoate detergent) x (wt. % alkyl-substituttdTFyehtR{BeHFoate
detergent in fluid) In one embodiment of the invention, the CI of the antiwear hydraulic fluid

compositioris; greatesrthar B984r prede iy greatiesthess PdiGharokpeie prefesabiyngeatesithan 0.12.
In another emb %ment zft e invention, ihe Cl of the n}éé/veaéhy raulic fluid co F};Jsition IS greater
than 0,034 ShdHECHE Bt e PSP e IR AR 0 Do COHeaHatd Eo ISR C17 b ol Bible
detergent gudibreof treljeiseattinventiaeieagdre ernployedsasoa ssihcentratte ahictswok iyyieally
contain a siffiieiamont.of an,craanie fouid s divent and e plsplible. doterasnt addiive

the p}/ I IC]UICP Il

employed In resent invention. € concentrates contain surtficient organi uen 'EO make
them dasy toitaridie dkyirgrshinsping @ed esatage! T@pivallglrhe-estitemtat@nineentarsirotiabout 10

wt % to 90 wit %, @rgé@é@gymt{éqrgl@@,%gf%g\(t % to 70 wt %; and more preferably, from about 20 Ind %
to 35 wt %, ofa compatible organic liquid diluent. Suitable organic 20 liquid diluents which can be used

include, for examPle2HAREFIRTR RRAEEMS DBHIGEHN ROFBRABESIAGRIRSY/ a5t B8N SHITNE B fAd

hydrotreategh 10BN, &g otdieuEy LaiNonad HiRAkebEhe Raptrdaud siierdddetarallyhas a
viscosity of from about 1 to 20 cSt at 1000. From about 10 wt % to 90 wt %; preferably, from about 30

Wt % to 80 WEBh PR Bh@htAKEISEhE TN INBIRY a3RiHivE" e ATHIGIRTRIHE F#BLertBEHivE tion.
OthertAdditiveniomioposentst an alkhesiahioningdaldgiiveytempsoenis ale examhplesrobsdmeaf the

components that can be favorably employed in the present invention. These examples of additives
Soate provilSa oSS R o A D hcy e Aot NSt e D Dt Lsants:
Alkenyl sucokiizhiskt), @lleemjksuecin aiedstebs]ialkah yiysticeitienzes aodified alithl sthiesidrgetiic
compound h%'#&t’?y'aﬁ“&ﬁ&?ﬂg%d&%H&%%ﬁ%@%é‘i@?%@ﬂ?%%ﬁ?i&é@y 6 A aRie g bgrig.acid,
pentaerythritols, phenate-salicyiates and their post-treated analogs, alkali metal or mixed alkali metal,

alkaline eagfyYheugisiiuted Oyddrox3B8rOIg FSEDBNH I NG EFRRSS UsaherSion bl hydReddtatkali metal
borates, disprisiens dHRERAEN MAFLXRES. RAVaRiIdeashiess disgsesaptsand dhedike or

mixtures of such dispersants. , , )
alkyl-substituted hydroxybenzoic acid and an alkyl-substituted phenol. In another

embodiment, the antiwear hydraulic fluid composition comprises one or more

detergents comprising an overbased salt of an alkyl-substituted hydroxybenzoic acid

and no other overbased salts (other than the salt of the detergent). The detergent

20  additive, in this regard, can comprise any suitable concentration of anion (e.g.,

organic anion) associated with the carboxylate salt (or salt of the alkyl-substituted
hydroxybenzoic acid).

Some non-limiting examples of other suitable detergents which may be used in

combination with alkyl-substituted hydroxybenzoates include alkyl or alkenyl aromatic

25  sulfonates, borated sulfonates, sulfurized or unsulfurized metal salts of multi hydroxy

alkyl or alkenyl aromatic compounds, alkyl or alkenyl hydroxy aromatic sulfonates,

sulfurized or unsulfurized alkyl or alkenyl naphthenates, metal salts of alkanoic acids,

metal salts of an alkyl or alkenyl multiacid, and chemical and physical mixtures

thereof. Other non-limiting examples of suitable detergent additives include metal

30  sulfonates, salicylates, phosphonates, thiophosphonates and combinations thereof.

The metal can be any metal suitable for making sulfonate, salicylate or phosphonate

detergents. Non-limiting examples of suitable metals include alkali metals, alkaline

metals and transition metals. In some embodiments, the metal is Ca, Mg, Ba, Sr, K,

Na, Li or the like.
-5-



2. Anti-oxidants: Anti-oxidants reduce the tendency of mineral oils to deteriorate in service which
deterioration is evidenced by the products of oxidation such as sludge and varnish-like deposits on the
metal surfaces and by an increase in viscosity. Examples of anti-oxidants useful in the present
invention incY@20B¢it B8 ot limited to, phenol type (phenolic) oxidation intiBioy208(96RA286
4,4'-methylene-bis(2,6-di-tertbutylphenol), 4,4'-bis(2,6-di-tert-butylphenol),

ene-bis(amelh 1.1t 4 A sopropyTcenete b ol e oL
idene-bis(3-meth y1-6-tertbutylphenol), 4,4'-isopropylidene-bis(2,6-di-tert-butylphenol),

25 mothy 8 B RO SR T 3P BB L R AR T Rdsiye o
2,2'-methylenedisés:metyds46-by clobeky| phignolgspdedittethbutyk -metbiitpbenok 2nGsdistertibuty1-4-
ethylphenol, 2,6-di-tert-butylphenol..2,4-dimethy1-6-tert-butyl-phenol, 2,6-di-tert-1- 15 .
dimethylamq%%t-rgygécsio 9286%”%%%1&%@ - |mée§th8§/’?§rrf?r§og%lnreﬁﬁ]ﬁ§r§er%\gﬁ,Cem“fugat'm being
4, 4ithidbis(@amiethpliGHeierdhey ptrehiod); 2 Ripthiaisis @y ritettsydreaattAstitpbead, (bis(8uld be

thy1-4- -Srtept- -sulfide, is(3,5-i-tert-butyl.- her t
of oxarion s e e

dithiocarbamaied@ig!y Afiereriiffoeatieanar Y dwd ereitHisctRpns(HimiisdphBe s siRi)nes;
Antiwear ageRESHASoHIeIE N NAPHESHGREGIBHIE ERAHE VSR Ol MPOMBgdReiliePRSexamples

of such agents include, but are not limited to, phosphates, phosphites, carbamates, esters, sulfur

containing b SUHEC S RIRBR HRIPESISRIRIES S¥UbEHR Rilfiers: Linear alcohol ethoxylates,
includiog TERGITOe(r}ibreéhavaiiablsl fuepn the BisergdienaicalkiCompany . ahtiwesutsitiessiiaddition

product of alkylphenol and ethylene oxide, polyoxyethylene ether, and pol et ne sorbitan
b (el e e o R A
30secondayalkyl, amdl argfeype), sedturined diB) dighét@Hglfide, inethyititiehtorostearédefiuid
chlorinated e, fluoro lysi , andle then prefe EP agent is zinc
dialkyl dithi%%ﬁggﬁ'g’?e ?%rﬁh%{r ﬁggﬁn@%@ﬁﬁ%i@%%%ﬁé@%%%ﬂ‘%ﬁ@%@ SR Litve
componeng&difiveeitaatiwiitr derieallic Tdectivposticmelitieqireseneanvebton, (i iwishiown by the
generg) forquda; § 3wherein AL ER 2580350 A MINRI KOG SEE2RIRNA!KIQPYR RaviRg R carbon

number of 1 to 18, and may be the same or different. The primary or secondary alkyl groups of Rl and
R2 having ¥@8MoRMiiR0BYHrYlie T8idHANMPES HRE gendieinel Yeimareaktadefet e e®M, propyl,

butyl, pentyabiewgl nendypréseiftyiniiexylo9ciybrasax. idecy wosesb fadecynigeayhdgtadgcyl,
pentadecyl, hexadecyl, a_ﬁ&tade?%g,? and octadecxél. However th%g:%ferable zinc dialky!

dithiophospIFsEErR ISR €5 FvdrQuiic AARPOR TR e SE P fAFIEEPERALAMINE dMIRIN o381 of
primary anthgeariddhyidlkphgrosifsrhaiingsa dabhosboumbenef 3to 12 sAmeembodiments, a

20 “minor amount” of detergent additive refers to a concentration of the detergent
additive within the hydraulic fluid composition of less than about 50 wt%, of less than
about 30 wt %, of less than about 10 wt %, of less than about 1 wt %, or of less than
about 0.5 wt %.

Generally speaking, detergents help control varnish, ring zone deposits, and

25  rust by keeping insoluble particles in colloidal suspension. Metal-containing (or ash-
forming detergents) function both as detergents to control deposits, and as acid
neutralizers or rust inhibitors, thereby reducing wear and corrosion and extending
equipment life. Detergents generally comprise a polar head with a long hydrophobic
tail; with the polar head comprising a metal salt of an acidic organic compound. The

30 salts may contain a substantially stoichiometric amount of the metal in which case

they are usually described as normal or neutral salts.

Alkyl-substituted hydroxybenzoate detergent additive component

-6-



15 preferable zinc dialkyl dithiophosphate for the antiwear hydraulic fluid composition of the present
invention has a primary alkyl group having a carbon number of 3 to 12. The zinc dialkyl
dithiophosphates having a mixed alkyl group of primary and secondary alkyl groups may be used
either individYafh2&0it #8bination for the antiwear hydraulic fluid composREGUSREHESRe%ent
invention. The zinc dialkyl 20dithiophosphate is incorporated at 0.01 to 0.50 wt. % as phosphorus

derived therefromThasagtoméie whele .eampositiopnireierablyi @ 02:ta10i@ 4w S8sitlor rstiean:
modifiers: fattg/ alcohol, faé% acid, f ttyﬁehster amine, borated ester, and other esters. 8. Multifunctional

additives stfERzad BYRETb &R IR HARSeLXuIRF AT D mBR/BERIH T g aice
phosphorodithivatenoixythelghaeminf miapbglyctitice doxyirotybdenvmcdieky late asude, herein
amine-molybdenum,c lex co und, and sulfur-containing molybdenum complex.compound. 9.
Viscosity in%lsexairﬁ%&%§§§%8@ﬁw@%ﬁa§%ﬁ§e t%/gr&){ %Q?&‘%%&ie e9|5r3p§’ éﬁ%izgge denvﬁ«ve
copolymersssiesie iseptohecdpolgatersanydrog@satet sty regekiSth e e tdtpopoyarseprd to
yisobutylengs B0 CiBBITALIEIRRY ERP M INIX dRIBrURtHad il M P83 I RBFPRA A0 osnac,

10. Pour point depressarits: polymethacrylate type polymers. 11. Foam ors: alkyl methacrylate

polymers aRYIRERENSTicoifepoRimMBES BraarpideteTarnsifiealidhPErf h&hE6 and Weidedine

formulationuras-preRaie dad HRGAJop araRSS NG RRIFeFRRNCE Of the detergent in Example 1 in
the ASTM D 1401 water separability test. The baseline formulation contained 0.31 wt. % of a zinc

dialkyldithiophosphate, 0.15 wt. % of a hindered phenol antioxidant, 0.044 wt. % of a succinate ester

disperngant, De@intationl Bf aia Grtpestedriciiux modiffes: S whdtiad anayipmyakgamsisifier
and 0.008 Mtydkanfia foain Guriptaitiom base fluid containing Shell HVI basestocks. All finished fluids in
these Examples are 1ISO VG 46 with 8 wt. % of a polyalkyl methacrylate viscosity index improver.

15Example 1 iwear hydraulic flid composition was prepared.consisting of the baseline
formulation aboveml r?‘%}%gz%‘gﬁ%é%% O%é'go W 8/’% %?Egndoe\}g%%rsﬁe %e%dtcpi/l?rﬁsal(li?lg(s)u\f%qithrfe%n
hydroxyberizgatecietdrgenanthereded Ibuseddneofviib alysgrolipseseoCadidutgresttongrab@l 06 wt. %
of the;succinate;gstefidlispgrsants TheQuerhased 2 salciymalkyl-substit r te
deterg;ent was pre ared agordinsg to9th§ rf%l?e%hgguggg%%ﬁbe% E%mpleé (?L %ﬁg%%%t%%%%]ﬁgaﬁon
200710027033"@8d \HA: 3tLEAaMCHRRNET BI85 arUepUs TBIRMOSLEMNEE @GNEf BB Bxaaiite 2

25An antiwegehy diallie M SONaRASEIM MAR RIGPARh B 2RI SRSNRWIDMRL The aqueous
layer is decanted. The acidified extract is treated with pyridine and titrated with dilute,
standardized base.
20
The Carboxylate Index (Cl) of the detergent additive can then be calculated from the
following formula:

Cl = (V1 x C x MWkon)/W
25
wherein
V1 is the volume required to reach the first end point in the titration curve;
C is the concentration of the dilute, standardized base;
MWon is the molecular weight of KOH; and
30 W is the weight of the alkyl-substituted hydroxybenzoate detergent additive.

Once the CI of the detergent additive has been calculated, the Cl of the antiwear
hydraulic fluid composition can be readily determined from the amount of the alkyl-



formulation of Example 1 except that 0.01 wt. % of a linear alcohol ethoxylate emulsifier and 0.16 wt'/0
zinc dialky! dithiophosphate was added. Comparative Example 1 30An antiwear hydraulic fluid
composition was prepared consisting of the base- line formulation above with the addition of 0.041 wt.
% of an overy&s¥d"8ifddized alkyl-substituted hydroxybenzoate-containi®§ b&fef§enszesn24 wt. % of
an overbased calcium phenate, 0.027 wt. % of a naphthalene sulfon ¢ acid zinc salt rust inhibitor -11-

WO 2010/@18833RA THUGB4(0E152206 ancb;0a8 dddfvefl erahmnolic tesibodesadisdier. e is
overbasedésuIfurize%c%]j‘bo?é@te-cogaini g detergent was prepared according to the method
described mX%r)?gf?}eﬁfe Y66t BERALT er 5808145 and has a calcium content of 9.3 wt.. %, a
sulfur content of 2.4 wt. %. a TBN of 260 and a CI of 28. Comparative Example 2 An antiwear

hydraulic fly it isting_o eline formulation, above with the addition
o1 0,075 wt AY DU B8 B e < s o L o e O SR e
Example 1. Comp&taisentxatmpleaalkyl Aqksaitivied hyideamhietzgateataprsition wésiprepared in

accordance with the formulation of Comparative Example 2 except that 0.06 wt. % of the succinate
ester dispersant was added. Comparative Example 4 An antiwear hydraulic fluid composition was

prepared cOr¥ISiRY RPHEGHLIIRE fBVeiigho 8o\ Wit AREVERRTIfYS GHb LG ComRARlias C

overbasedigyjeiuraratiethydioxy pesreeaie, ap slaserings M@X%ﬁtﬂ"ﬁxére@%?@?é@ﬁ?’@_rgéﬁéﬂm@@ An
antiwear hxd ulic fluid composition was prepared in accordance with the formulation of Comparative
Example 2CeXoenitAAPH6E SRBSSEPAN Gh it RUeaLRn. e ah I anieer 2 %asliRHs

emulstiicatiompesfitiomangectaist thanThe3aatercsepacabibifgrabangwessrhydraglmfluids is characterized
in the ASTM D 1401 test method. In this method, a 40 mL volume of the sample material was
emulsified with a 40 mL volume of distilled water by stirring the combined liquids in a 30 graduated
cylinder atGa@éotrstminutes)dlloe separation of the emulsion into organic and aqueous layers was

characterized by mpuiteriog e Islatve NolumAS L e sPpesiive il aler a0d smianavers

after cessation of stirring. Results are’set forth below in Table 1 as the respective miL fluid-n
water-rnL énfidBrN 6B Bt Miiniteisave FeakEAtiBrsBffistienhgmount of an organic liquid

15 diluent and the oil soluble detergent additive employed in the present invention. The
concentrates contain sufficient organic liquid diluent to make them easy to handle
during shipping and storage. Typically, the concentrate will contain from about 10 wt
% to 90 wt %; preferably, from about 20 wt % to 70 wt %; and more preferably, from
about 20 wt % to 35 wt %, of a compatible organic liquid diluent. Suitable organic

20  liquid diluents which can be used include, for example, paraffinic base oils such as
solvent refined 100N, e.g., Cit-Con 100N, and hydrotreated 100N, e.g., Chevron
100N, and the like. The organic liquid diluent preferably has a viscosity of from about
1 to 20 ¢St at 100C. From about 10 wt % to 90 wt %; preferably, from about 30 wt %
to 80 wt % of the concentrate is the oil soluble additive employed in the present

25  invention.

Other Additive Components
The following additive components are examples of some of the components
that can be favorably employed in the present invention. These examples of additives
30  are provided to iliustrate the present invention, but they are not intended to limit it:
1. Dispersants: Alkenyl succinimides, alkenyl succinate esters, alkenyl succinimides
modified with other organic compounds, alkenyl succinimides modified by post-
treatment with ethylene carbonate or boric acid, pentaerythritols, phenate-salicylates

and their post-treated analogs, alkali metal or mixed alkali metal, alkaline earth metal
-8-



WO 2010/014833PCTIUS2009!0522 6 Comp Ex. 1 Comp. Ex 2 Comp. Ex. 3 Comp. Ex. 4 Comp. Ex.
5 Ex .1 Ex.2 5601a alkyl-substituted hydybenzoate detergent (ye.%) 0.075 0.075 0 15 C 15 0.225

WO 2010/014833 PCT/US2009/052286

borates, dispersions of hydrated alkali metal borates, dispersions of alkaline-earth
metal borates, polyamide ashless dispersants and the like or mixtures of such

dispersants.

2. Anti-oxidants: Anti-oxidants reduce the tendency of mineral oils to deteriorate in
5 service which deterioration is evidenced by the products of oxidation such as sludge
and varnish-like deposits on the metal surfaces and by an increase in viscosity.
Examples of anti-oxidants useful in the present invention include, but are not limited
to, phenol type (phenolic) oxidation inhibitors, such as 4,4'-methylene-bis(2,6-di-tert-
butylphenol), 4,4'-bis(2,6-di-tert-butylphenol), 4,4'-bis(2-methyl-6-tert-butyiphenol),
10 2,2-methylene-bis(4-methyl-6-tert-butyl-phenol),  4,4’-butylidene-bis(3-methyl-6-tert-
butylphenol), 4,4'-isopropylidene-bis(2,6-di-tert-butylphenol), 2,2'-methylene-bis(4-
me- thyl-6-nonylphenol), 2,2'-isobutylidene-bis(4,6-dimethylphenol), 2,2'-methylene-
bis(4-methyl-6-cyclohexylphenol), 2,6-di-tert-butyl-4-methylphenol, 2,6-di-tert-butyl-4-
ethylphenol, 2,6-di-tert-butylphenol, 2,4-dimethyl-6-tert-butyl-phenol, 2,6-di-tert-I-
15  dimethylamino-p-cresol, 2,6-di-tert-4-(N,N'-dimethylamino- methylphenol), 4,4'-
thiobis(2-methyl-6-tert-butyiphenol), 2,2'-thiobis(4-methyl-6-tert-butylphenol), bis(3-
methyl-4-hydroxy-5-tert--butylbenzyl)-sulfide, and bis(3,5-di-tert-butyl-4-
hydroxybenzyl). Other types of oxidation inhibitors include alkylated diphenylamines
(e.g., Irganox L-57 from Ciba-Geigy), metal dithiocarbamate (e.g., zinc

20  dithiocarbamate), and methylenebis(dibutyldithiocarbamate).

3. Antiwear agents: As their name implies, these agents reduce wear of moving
metallic parts. Examples of such agents include, but are not limited to, phosphates,
phosphites, carbamates, esters, sulfur containing compounds, and molybdenum
complexes.
25 4. Emulsifiers: Linear alcohol ethoxylates, including TERGITOL® 15-S-3 available
from the Dow Chemical Company.
5. Demulsifiers: addition product of alkylphenol and ethylene oxide, polyoxyethylene
alkyl ether, and polyoxyethylene sorbitan ester.
6. Extreme pressure agents (EP agents): zinc dialkyldithiophosphate (primary alkyl,
30 secondary alkyl, and aryl type), sulfurized oils, diphenyl sulfide, methyl
trichlorostearate, chlorinated naphthalene, fluoroalkylpolysiloxane, and lead
naphthenate. A preferred EP agent is zinc dialkyl dithiophosphate (ZnDTP) as one

-0-



0.225 28 CI Co alkyl-subsbtutod nydroxybeozoate nt (WI. 94) 0.041 ClI of antiwear hydraulic fluid
composition 0.011 0.042 0.042 0.084 0.084 0.126 0 12 Dispersant 0 044 0.044 0.1

WO 2010/014833 PCT/US2009/052286

of the co-additive components for the antiwear hydraulic fluid composition of the

present invention, and is shown by the general formula:

5

wherein, Ry and Ry are each a primary or secondary alkyl group having a carbon
number of 1 to 18, and may be the same or different. The primary or secondary alky!
groups of Ry and Ry having a carbon number of 1 to 18, shown by the general
10 formula, include methyl, ethyl, propyl, butyl, pentyl, hexyl, heptyl, 2-ethyl hexyl, octyl,
nonyl, decyl, undecyl, dodecyl, tridecyl, tetradecyl, pentadecyl, hexadecyl,
heptadecyl, and octadecyl. However, the preferable zinc dialky! dithiophosphate for
the antiwear hydraulic fluid of the present invention has a mixed alkyl group of
primary and secondary alkyl groups having a carbon number of 3 to 12. A more
15  preferable zinc dialky! dithiophosphate for the antiwear hydraulic fluid composition of
the present invention has a primary alkyl group having a carbon number of 3 to 12.
The zinc dialkyl dithiophosphates having a mixed alkyl group of primary and
secondary alkyl groups may be used either individually or in combination for the
antiwear hydraulic fluid composition of the present invention. The zinc dialkyl
20  dithiophosphate is incorporated at 0.01 to 0.50 wt. % as phosphorus derived
therefrom, based on the whole composition, preferably 0.02 to 0.04 wt. %.
7. Friction modifiers: fatty alcohol, fatty acid, fatty ester amine, borated ester, and
other esters.
8. Multifunctional additives: sulfurized oxymolybdenum dithiocarbamate, sulfurized
25 oxymolybdenum organo phosphorodithioate, oxymolybdenum monoglyceride,
oxymolybdenum diethylate amide, amine-molybdenum complex compound, and
sulfur-containing molybdenum complex compound.
9. Viscosity index improvers: polymethacrylate type polymers, ethylene-propylene
copolymers,  styrene-isoprene  copolymers, hydrogenated  styrene-isoprene
30 copolymers, polyisobutylene, and dispersant type viscosity index improvers.

-10-



0.044 0.1 0.1 0 1 Zinc dialkyl dithiophosphate @31 0.31 0.31 0.31 0.31 0.31 0.47 Rust inhibitor 0.027
Demulsifier 0.008

WO 2010/014833 PCT/US2009/052286

10. Pour point depressants: polymethacrylate type polymers.
11. Foam inhibitors: alkyl methacrylate polymers and dimethyl! silicone polymers

Examples
5 Ermulsification Performance

A base-line formulation was prepared and used for assessing the performance

of the detergent in Example 1 in the ASTM D 1401 water separability test. The base-

line formulation contained 0.31 wt. % of a zinc dialkyldithiophosphate, 0.15 wt. % of a
hindered phenol antioxidant, 0.044 wt. % of a succinate ester dispersant, 0.044 wt. %

10 of a fatty ester friction modifier, 0.013 wt. % of an arylpolyol demulsifier and 0.008 wt.
% of a foam inhibitor in a base fluid containing Shell HVI basestocks. All finished
fluids in these Examples are ISO VG 46 with 8 wt. % of a polyalkyl methacrylate

viscosity index improver.

15 Example 1
An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.225 wt. % of an overbased calcium
alkyl-substituted hydroxybenzoate detergent wherein at least 90% of the alkyl groups
are Cy or greater and 0.06 wt. % of the succinate ester dispersant. The overbased
20  calcium alkyl-substituted hydroxybenzoate detergent was prepared according to the
method described in Example 1 of US Patent Application 2007/0027043 and has a
calcium content of 5.35 wt. %, a TBN of 150 and a CI of 56.

Example 2
25 An antiwear hydraulic fluid composition was prepared in accordance with the
formulation of Example 1 except that 0.01 wi. % of a linear alcohol ethoxylate
emulsifier and 0.16 wt% zinc diatky! dithiophosphate was added.

Comparative Example 1
30 An antiwear hydraulic fluid composition was prepared consisting of the base-
line formulation above with the addition of 0.041 wt. % of an overbased, sulfurized
alkyl-substituted hydroxybenzoate-containing detergent, 0.024 wt. % of an overbased
calcium phenate, 0.027 wt. % of a naphthalene sulfonic acid zinc salt rust inhibitor

11-



Emulsifier 001 ASTM 0 6658 (mL fluid-mL watenmL emulsion at minutes after stirring) 40-40-0 9
min 40-40-0 9 min 44-36-0 30 min 46-34-0 35 min 40-32-8 40 min 40-38-2 40 min 42-38-0 25 min

43-37-0 27 min 0-10-70 40 min 0-16-64 40 min 0-0-00 40 min 0-0-80 40 min
WO 2010/014833 PCT/US2009/052286

and 0.008 wt. % of a phenolic resin demulsifier. The overbased, sulfurized
carboxylate-containing detergent was prepared according to the method described in
Example 16 of US Patent Number 5808145 and has a calcium content of 9.3 wt. %, a
sulfur content of 2.4 wt. %, a TBN of 260 and a Cl of 28.

Comparative Example 2
An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.075 wt. % of the 56 Cl overbased
calcium alkyl-substituted hydroxybenzoate as described in Example 1.
10
Comparative Example 3
An antiwear hydraulic fluid composition was prepared in accordance with the
formulation of Comparative Example 2 except that 0.06 wt. % of the succinate ester
dispersant was added.
15
Comparative Example 4
An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.15 wt. % of the 56 Cl overbased
calcium alkylhydroxybenzoate as described in Example 1.
20
Comparative Example 5
An antiwear hydraulic fluid composition was prepared in accordance with the
formulation of Comparative Example 4 except that 0.06 wt. % of the succinate ester
dispersant was added.
25
Results for emulsification performance test
The water separability of antiwear hydraulic fluids is characterized in the ASTM
D 1401 test method. In this method, a 40 mL volume of the sample material was
emulsified with a 40 mL volume of distilled water by stirring the combined liquids in a
30 graduated cylinder at 54°C for 5 minutes. The separation of the emulsion into organic
and aqueous layers was characterized by monitoring the relative volumes of the
respective fluid, water and emulsion layers after cessation of stirring. Results are set
forth below in Table 1 as the respective mL fluid-mL water-mL emulsion observed at

minutes after cessation of stirring.
12



0-0-80 40 min 0-0-80 40 min Table 1 5'ClI of antiwear hydraulic fluid composition = (CI of
alkyl-substituted hydroxybenzoate detergent) x (wt. A alkyl-substituted hydroxybenzoate detergent in
fluid) Rust Inhibition Performance 10A base-line formulation was prepared and used for assessing the
performance BOMBlEBtergents in the ASTM D 665 rust prevention testPTH& 48 0fazsformulation
contained 0.31 wt. % of a zinc dialkyldithiophosphate, 0.15 wt. A of a hindered phenol antioxidant,
0.044 wt. A of a succinate ester dispersant, 0.044 wt. A of a fatty ester friction modifier, 0.013 wt. A of
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Table 1

'Cl of antiwear hydraulic fluid composition = (Cl of alkyl-substituted hydroxybenzoate

detergent) x (wt

Rust Inhibition Performance

. % alkyl-substituted hydroxybenzoate detergent in fluid)

A base-line formulation was prepared and used for assessing the performance

of various detergents in the ASTM D 665 rust prevention test. The base-line

formulation contained 0.31 wt. % of a zinc dialkyldithiophosphate, 0.15 wt. % of a

hindered phenol antioxidant, 0.044 wt. % of a succinate ester dispersant, 0.044 wt. %

of a fatty ester friction modifier, 0.013 wt. % of an aryipolyol demulsifier, 0.008 wt. %

of a phenolic resin demulisifier, 0.2 wt. % of a pour point depressant and 0.008 wt. %

of a foam inhibitor in a base oil containing ExxonMobil AP/E CORE® basestocks. All
finished fluids in these Examples are ISO VG 68.
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Comparative Example 9 An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.035 wt. % of an overbased calcium alkyl-substituted
hydroxybenzoate detergent wherein at least 90% of the alkyl groups 30 are C2c - C28. The detergent
has a TBN o823Vt £#8| of 36. WO 2010/014833PUTTUS2009/052286PEbMpAratINe2Example 10
An antiwear hydraulic fluid composition was prepared consisting of the baseline formulation above with
the addition of 0.032 wt. % of an overbased calcium 5 alkyl-substituted hydroxybenzoate detergent
wherein at least 90% of the alkyl groups are ng or greater. The overbased calcium alkyl-substituted
hydroxybenzoate detergent is prepared accord )éafzﬁ?i%a"%nethod described in Example 1 of US Patent
Application 2007/602 #04i8aad hadsradalcitui contepbetit®.Svat %repdBN af@Elsénd aoCltoe37. 10

Results for rust i hiz&tl’% r{ér nce test t inhibiti f antiwear gﬁ ic fluids wa
determine é%ﬂ@ A WL@% %g\kaﬂ}/c Wgﬁné%?p%ﬁgﬁé%nhgfgh §¥éer)gr?§etP % k}#f)oé&é%.és irected at
a test for desermmialiyhedisilityted flvidr ax didiagrieveatiiganeassesgrofféirobsgrapte should 15 water
become mixed with the fluid. For the determining the rust prevention properties in the instant invention,

Procedure B of ASTM D 665 was employed. In this test, a mixture of 300 mL of the test fluid is stirred
with 30 mL of synthetic sea water at a tefPERAIFEVST BYRMRIE cylindrical steel specimen completely

immersed therein£gr 24 dpeis. ﬂ}b&éUﬁétQﬁdG%ﬁ@@ﬂ&@O\%g 3&%@63 cBAsKtiAga ofdithel he
20results are presented in Table 2. WO 2(1114t433PCT/U512tit19/u52286 Table 2 EC! Camp Ex. 6
Bagglipg formulation above with the addition of 0.041 wt. % of the 28 Cl overbased,
Comp. Ex. B.
10 sulfurized, alkyl-substituted hydroxybenzoate-containing detergent as described in
Comparative Example 1, 0.024 wt. % of an overbased calcium phenate and 0.027 wt.

% of a naphthalene sulfonic acid zinc salt rust inhibitor.

Comparative Example 7
15 An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.067 wt. % of an overbased calcium
alkyl-substituted hydroxybenzoate detergent wherein at least 90% of the alkyl groups
are Cq4- C1g . The detergent has a TBN of 168 and a Cl of 51.

20 Comparative Example 8
An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.049 wt. % of an overbased calcium
alkyl-substituted hydroxybenzoate detergent wherein at least 90% of the alkyl groups
are Cyo— Cys. The detergent has a TBN of 230 and a Cl of 46.
25
Comparative Example 9
An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.035 wt. % of an overbased calcium
alkyl-substituted hydroxybenzoate detergent wherein at least 90% of the alkyl groups
30 are Coo— Cyos. The detergent has a TBN of 325 and a Cl of 36.

-14-



Ex.S Comp Ex. 9 Camp. Ex. 10 56 CI alkyl-substitured hydroxybenzoate detergent (wt.%) 0.075

Cl alkyl-substituted hydroxybenzoate (M.96) 0.041 51 Cl alkyl-substituted hydroxybenzoate

10

15

20

WO 2010/014833 PCT/US2009/052286

Comparative Example 10

An antiwear hydraulic fluid composition was prepared consisting of the
baseline formulation above with the addition of 0.032 wt. % of an overbased calcium
alkyl-substituted hydroxybenzoate detergent wherein at least 90% of the alkyl groups
are Cy or greater. The overbased calcium alkyl-substituted hydroxybenzoate
detergent is prepared according to the method described in Example 1 of US Patent
Application 2007/0027043 and has a calcium content of 12.5 wt. %, a TBN of 350 and
a Clof 37.

Results for rust inhibition performance test

Rust inhibition of antiwear hydraulic fluids was determined using ASTM D 665,
which is incorporated herein by reference. ASTM D 665 is directed at a test for
determining the ability of fluid to aid in preventing the rusting of ferrous parts shouid
water become mixed with the fluid. For the determining the rust prevention properties
in the instant invention, Procedure B of ASTM D 665 was employed. In this test, a
mixture of 300 mL of the test fluid is stirred with 30 mL of synthetic sea water at a
temperature of 60°C with a cylindrical steel specimen completely immersed therein
for 24 hours. The rust test results are reported as either a "pass” or a "fail." The
results are presented in Table 2.

-15-
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0.067 46 Cl alkyl-substituted hydroxybenzoate (wt. %) 0.049 36 Cl alkyl-substituted
hydroxybenzoate (wt.%) - 01035 - 37 Cl alkyl-substituted hydroxybenzoate (wt.%)

10

15

WO 2010/014833 PCT/US2009/052286

Table 2

Ex.3 | Comp. | Comp. | Comp. | Comp. | Comp.
Ex. 6 Ex.7 | Ex 8 | Ex.9 | Ex. 10

56 Cl alkyl-substituted hydroxybenzoate 06.075 - - - - -
detergent
(wt. %)

28 Cl alkyl-substituted hydroxybenzoate - 0.041 - - - -
(wt. %)

51 Cl alkyl-substituted hydroxybenzoate - - 0.067 - - -
(wt. %)

46 Cl alkyl-substituted hydroxybenzoate - - - 0.049 - -
(Wt.%)

36 Cl alkyl-substituted hydroxybenzoate - - - - 0.035 -
(wt.%)

37 Cl alkyl-substituted hydroxybenzoate - - - - - 0.032
(wt.%)

Cl of antiwear hydraulic fluid composition 0.042 ) 0.011 | 0.034 | 0.023 | 0.013 | 0.012

Rust Inhibitor (wt. %) - 0.027 - - - -

Rust inhibition Result Pass | Pass Fail Fail Fail Fail
(ASTM D 665B)

'Cl of antiwear hydraulic fluid composition = [CI of alkyl-substituted hydroxybenzoate
detergent] x [wt.% alkyl-substituted hydroxybenzoate detergent in fluid]

The alkyl-substituted hydroxybenzoate from Example 3 demonstrated
unexpected rust inhibiting performance when compared to  other
carboxylate/salicylate  detergents (Comparative Examples 2-5) and also
demonstrated unexpected rust inhibiting performance when compared to a
formulation containing a rust inhibitor (Comparative Example 6). The formulation of
Example 3 advantageously does not require the addition of a rust inhibitor in order to
pass this test.

As discussed previously, it is advantageous in certain hydraulic fluid
applications, such as hydraulic fluids for certain mobile equipment applications and
HLPD and HLVPD fluids, to emulsify water, rather than to demulsify water. Since the

alkyl-substituted hydroxybenzoate from Example 1 also demonstrated good rust
-16-




0.032 ClI of antiwear hydraulic fluid composition 0.042 0.011 0.034 0.023 0.013 0.012 Rust Inhibitor
(wt. A) 0.027 - Rust Inhibition Result (ASTNI D 665B) Pass Pass Fail Fall

WO 2010/014833 PCT/US2009/052286

inhibition without the need for a metal sulfonate rust inhibitor and since metal
sulfonate rust inhibitors are known fto demulsify water, the alkyl-substituted
hydroxybenzoate used in Example 1 provides additional performance advantages for

such emulsifying hydraulic fluids.
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Fail Fail 'Cl of antiwear hydraulic fluid composition = [CI of alkyl-substituted hydroxybenzoate
5detergent] x [wt.% alkyl-substituted hydroxybenzoate detergent in fluid] The alkyl-substituted
hydroxybenzoate from Example 3 demonstrated
unexpectedristrAitiHgperformancewhencomparedtoother carboxylate/sERAYISR W Hents
(Comparative Examples 2-5) andalso 10 demonstrated unexpected rust inhibiting performance when
compared to a formulation containing a rust inhibitor (Comparative Example 6). The formulation of
Example 3.advanta eoual ' does not require the addition of a rust inhibitor in order to pass this test. As
discussed i%’é%, it %%H\? tageous in certain hydraulic fluid 15 applications, such as hydraulic
fluids for certain mobile equipment applications and FILM and Fit_VPD fluids, to emulsify water, rather

than to demulsify yvater,. Since, the alkyl-substituted hydroxybenzoate from Example 1 also
demonstrated%g'oc%(\lﬁf%@[eéa- Wéf@ﬁWﬂfﬁ%@?&gg&@}?ﬁ?ﬁﬁl fgft‘i \glal But fHe naed for & %%tal
sulfonate rust inhities aidositiderinrstad suifonsity @t iNbhibitorsrere kmownt tofdeiesify aratep|ithe
alkyl-substituted hyglrgryberzaate vsediibxanple Jipipyidgs additiqpal mrf%mﬁg%%m@égages for
such emulsifying hydraulic -fluids, WOPC'17US20091052286 That which is claimed: 1. An antiwear
hydraulic fluid coFSNKPEEERIBraTit P4) A Pvdiorzad otei Vit B 56 s bf Whaieiting dseslitp and (D)

a minor amount ofatleasteie Asde detargand astdiing comRisagsa sihiHar Ay Irekstituted
hydroxybenzoic acid or a sulfurized derivative thereof, wherein said salt is selected from the group

consisting of alkafidtiet BaH HIRafALS AFttT PRSI et LRMARNTNS &Lt B (LReT ¥ &R Ronium
salts,1@nd further geieremidsaidyantiwealiiydsaniisoBiitidrcompesiiarbbrgatd abexydatgringex of

greater tha_n O.O8€H 2n a‘ %ﬁntiv_vear_hydrauli(_: fluid c_omposition according to claim 1, wh(_arein said_

alkyl-substituted hy%roxy enzoic acid comprises a linear or branched alkyl group or a mixture of linear

and branched alkyhgrembs/¢83 hyteaitiiear bydransitdiuid aomogitio rceccording trelaisal wherein
at least alkyl-substituted hydroxybenzoic acid comprises a linear or branched alkyl
group or a mixture of linear and branched alkyl groups.

15 3. The antiwear hydraulic fluid composition according to claim 1 wherein at least
90% of the alkyl groups of said alkyl-substituted hydroxybenzoic acid are Cy4
or greater.

4. The antiwear hydraulic fluid composition according to claim 1 wherein said
antiwear hydraulic fluid composition is able to achieve an emulsion of 0-0-80 at

20 40 minutes in the ASTM D 1401 water separability test method.

5. The antiwear hydraulic fluid composition according to claim 1, wherein said
salt comprises a calcium salt.

6. The antiwear hydraulic fluid composition according to claim 1, wherein said
hydraulic fluid composition comprises no added rust inhibitors.

25 7. The antiwear hydraulic fluid composition according to claim 1, wherein said oil
soluble detergent additive comprises a TBN of less than 200 mg KOH/g.

8. The antiwear hydraulic fluid composition according to claim 1, wherein said oil
soluble detergent additive comprises a TBN of less than 160 mg KOH/g.
9. The antiwear hydraulic fluid composition according to claim 1, wherein said oil

30 soluble detergent additive comprises greater than 0.1 weight percent of the
total weight of said antiwear hydraulic fluid composition.

10.The antiwear hydraulic fluid composition according to claim 1, wherein said oil
soluble detergent additive comprises greater than 0.2 weight percent of the

total weight of said antiwear hydraulic fluid composition.
-18-



90% of the alkyl groups of said alkyl-substituted hydroxybenzoic acid are 014 or greater. 4. The
antiwear hydraulic fluid composition according to claim 1 wherein said antiwear hydraulic fluid
composition is able to achieve an emulsion of 0-0-80 at 2040 minutes in the ASTM D 1401 water
separability t&P AdtBé#33. The antiwear hydraulic fluid composition accorBfrglie?4&ith228evherein said
salt comprises a calcium salt. 6. The antiwear hydraulic fluid composition according to claim 1, wherein
said hydraulic fluidieeepesiwrearaprises idocaddessitiest wihikitors. 2bmhEreanipusmghydrestic fluid
composition according]grthlaim 1, élé/jg%r&ein

id oil sqlubl iti ises a TBN of |
than 200 mg KOI—HS? h(? Hhivear hy(?r%{jli%lcsj ﬁ(ﬁiéis %E)&% gog%Fgégg%rgg&%%ﬁiocﬁg?ﬁaaem?gﬂ{;s%idegisl

soluble detergent (@jlditvencosifieisesca IBM>Ofdess phessL60 aggrKQF/g. fri@idherantivardydraulic

fluid composition ' laim. 1, wherein said_oi ol d .additjve pri greater
than 0.1 weight peﬁﬁ:ﬁeﬁr@ko%tégaﬁo%%jglg t O@Zalgd gﬁ%\,{’,%g? Hﬁgrégulf%cgﬁﬁgg %Férw?goéitig%ﬁfoéﬁﬁ?
antiwear hydrauligéinig¢semnpdsidnaradordigricoit Bratewsiiieaid oil soluble detergent additive

comprises greater ARag g ueight Reire AL RS ¥R saichanjweardydalic g o
composition. -18- WO 21110/i 14 33PCT/US2009/052286 11 The antiwear hgdraullc fluid composition

of claim 1 further B8RfRdiIY] AttES3{ BAeVIaPRiISe 20datRiitR 8N AQshiest alsiiashMn?o9hn

oxitljc_e;tion @nhit}ito(;;sj@tﬂe?ﬁ)w&r@i@ﬁi_ (eécﬁglt@étremﬂwgr@s?greaag@atﬁ (fl()jﬁ fﬂﬁtioaim%g)if@fﬁﬁgr)e_a -
multifunctional a |tlve; aV|SCOS|I inaex | rover, a pour p Int pressar]t; a roam |nni |t0r;
o vt % R R o e e U bR ik

base ofl of lubricatisigetisgOsityr athe (@rpapmdaoisanirayalf of kb lieasitaineati salkblie detergentadditive
comprising a salt of an alkyl-substituted hydro nzoic acid or.a sulfurized derivative thereaof, wherein
caid st 19 10.seetiet TR ot oo ot e e it Wi sl
ammonium salts eaglisstivvted aytradiarfiusdltgrapdsiticherashererrizaig!atetiwesixhyt grelideituid
composition has g %ﬂrg@%ate Index of greater than 0.034. 13.The antiwear hydraulic fluid
composition accorglng to claim 12, wherein said 15alkyl-substituted hydroxybenzoic acid comprises a

linear or branchéd AfkAGieaprIMErABHEfUSt KNEPQENIPPrafeREiNaIg §iRIlbd 21 AVRESHh BREar

hydraydic ﬂ_Uid COVBW@@%@&R@@iﬁ?d%%@\é@d"’@@i@iecﬁh!ﬁ%@sgg%irﬁ’ééh%@'E)Ybﬁ%_@lfk%id
alkyl-substituted hydroxybenzoic acid are C14 or greater. 2015.The antiwear hydraulic fluid
composition accoFdMPB ddmx s dIReTsans AR hHRAGRRYRAD composition is able to achieve

a pass result in AherdSHviR £5 sustirhbitictbmediatbrl8ctb el iwans ity drawlie fblidl go@pasition
according to claim, iz, Where!n RS AL UPRURPS R, FAHRSEY hydroxybenzoic acid are G
or greater.
20 15.The antiwear hydraulic fluid composition according to claim 12 wherein said
antiwear hydraulic fluid composition is able to achieve a pass result in the
ASTM D 665 rust inhibition method.
16.The antiwear hydraulic fluid composition according to claim 12, wherein said
salt comprises a calcium salt.
25 17.The antiwear hydraulic fluid composition according to claim 12, wherein said
hydraulic fluid composition comprises no added rust inhibitors.
18.The antiwear hydraulic fluid composition according to claim 12, wherein said
oil soluble detergent additive comprises a TBN of less than 200 mg KOH/g.
19.The antiwear hydraulic fluid composition according to claim 12, wherein said
30 oil soluble detergent additive comprises a TBN of less than 160 mg KOH/g.
20.The antiwear hydraulic fluid composition according to claim 12, wherein said
oil soluble detergent additive comprises greater than 0.05 weight percent of

the total weight of said antiwear hydraulic fluid composition.
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2517.The antiwear hydraulic fluid composition according to claim 12, wherein said hydraulic fluid
composition comprises no added rust inhibitors. 18.The antiwear hydraulic fluid composition according
to claim 12, wherein said oil soluble detergent additive comprises a TBN of less than 200 mg KOH/g.
19.The antiw®at HY8HdHE fluid composition according to claim 12, whereif SAHB061'$étble detergent
additive comprises a TBN of less than 160 mg KOH/g. 20. The antiwear hydraulic fluid composition
according to clinT &2 ,ambierean sadianilisdluldecdetpogéitraddiordingnprisEsmgteatentrain G0k weight

percent of the total.wel f sai wear.hydraulic fluid co ition. ,

20111/014833PC 1@%&%@%& %ecfff% %ﬁ%ﬁé‘%ﬁ%% f%h?dn c%o‘”é‘?ﬁ%?f RSN Sto claim
12, wherein said (t_iﬂesﬁltﬁcbIw@gf_ér@‘e?ﬂié(ﬁﬂithv@@dmgr%éﬁdhé&@mm@? weight percent of the total
weight of said sntiwgan ydaiic,ilyid Gompesiign 22 The gptiyear wdr_wgf}uz%emeﬂg;ﬂan of
claim 12 further comprising at ieast one of these co-additives: (a) an ashiess dispersant; (b) an
oxidati®n inhibitore@Ht PEENNISTRSE (&Y-2AEN R EPréss gt EFENBITPeASRItt df htifs o agpa

multifunctional adgitivgoth) @)visCosifyRRY I MRIPRY; éhiPcRIr ey HePErsaNt i) & fermpinhibitor;
and (k) an emulsifier., 10 15 , , . , L , .
modifier; (g) a multifunctional additive; (h) a viscosity index improver; (i) a pour

point depressant; (j) a foam inhibitor; and (k) an emulsifier.
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