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; =>?@3eyrrs\uLuNy6yTyl t i eP~ tom PHOSPHATE ESTER BASE STOCKS AND
Al RCRAFT HYDRAULI C FLUI DS COMPRI SI NG THE SAME Background of the Invention

_'l. Field of the Iﬁ i This invention rel ates to phosphat e? ¢5iPer]jldase
stock conpositions W‘WM W#/el conbi nati on of phosphate ester conponents

and to aircraft hydraulic d conpositions conprising such base stocks.
2) State of the Art Hydﬁlﬁﬁfflic fluids used in the hydraulic systens of

ai rcraft must neet Jﬂmmmm jinEspeci ficati ons set by aircraft

manuf acturers. Acc @@mmmﬁm conponents of aircraft hydraulic fluids are
careful ly chosen to balgpgse, anmong othér properties, stability,

conpatibility, density, toxicity and the Pike. Wether the selected

conponents can, in facpH®SPBATEESTEROBASHE STOrIeS ANBi fications is
unpr edi ct abl e. I\/breover,Tthe anount's "o6f T Nndivi dual conmponents used in 7 5

conposi tions whil , 1 28 L( GpthiibSAMEedi ctable. It
has now gggn Eéﬁﬁg\i_&rtgd ;i Egtsig p conbi nati on of phosphate ester conponents
enpl oye ircraft hydraulic fluid conpositions

provi desq skiichd io¥ithe laventioaxpect ed properties. Specifically, it has been
found that by _seleciing particular ratios of the tri-iso-butyl and

tri-n-butyl 20hishipypRben reletes tocphemihetr esier base stbdk dompositioos fevingd and

e ey . ) tical. 10 .aviati R
R R R A e R o AL Ml

poi nt, gamdpesitibnyesmppisiiieslditbaseAsteerd. abl e erosion protection, acceptable
| ow tenperature flow properties (viscosity), and el astonmer cornpatibility.

25 Su : € ntion This invention is directed to phosphate ester
base stock c i ki1 O. n preraft | ] idecC itions

cont ai ni ng aqggsegilgcﬁﬁgvgﬁgd a{ﬁn@\?elhgéégnl@?n fslt%'&#ogf pﬁ@%ﬁamgsgﬂ%?t
corrpomamdmgcoe:jpﬁaiffg:lajign'sn sute Imf btrfrxtﬁn?miur‘émn?el?ﬂspg;at@ordlr@w,prtﬁéent
invention is 30 directed, to an aifpcraft r [ uid conmposition

i ncl udi ﬁ&”?%%@ﬁr?ét%f%éﬁéwﬂﬁ%@ fyigsiare fﬁ@mMg&s’SﬁMPu%laB@e,t?'fﬂﬂﬂgo- but yl
phos phatgth@nghdplehties, %Mli‘cﬁpth@tﬁmﬁﬁ%igty?%nﬁtﬁ E&)Eigﬁy GRY tREMKEI WHetitdtangr nmor e

triaryl phosphates such that the -base stoc nposi tion produces no nore
t han 25%eEcked GompawEills $aa, lin Tagt, &ef balenoed ito meetl thesef spex(Bgdionsasount of

2nd an_ SPpledicBe, TRERETEr The PEhRiS Tof IR lud, B5uPaiBRs Ssfncnor
t ri - i1$ocbuipdsitipmsspiiah eneeintpespbtifioaiihs io ngd avigtlcghbregrRtaigst . preferably

from3a to 4 i ght percent, based on the total weight of the fluid. 5 In
anot her of iﬁsﬂgﬁgﬁiﬁ%m‘%%gﬁﬁé‘%@g, theh @ pREIEIAT comBRefien qfspipspbeied to an

ai r cr af bsfaydeamlgonehtd!i dmpRITRASH | B iAckudidik aofp%%wtrﬁyd?émﬁ[ RaPe stock

k
including from4 to 14 wei ght percent, based on the total "weig t he
hydr aul fempPPEitigns gircyigescsurptsiad tandabyexpsndep wacperties.nSpedficallydédr had t he

base st [ [ 1X Lk Lkl -1.$0=b I osphate_and .trj-n:butyl
phosph _at?gé‘;£<n gﬁ&éé‘ 19 ‘égg ibg e%ém%rﬂe P %B' Cis’ié_’a'%\?)?% cotﬁﬁeyﬁpﬁaggﬁ}' ! _rrﬁ'?r(l)\(i@'l“,’b ‘a\’i*f'

e et i b it el S i
Fr om 3071 BOMBIEH PHePGIURS eiltioab i RUIRISTY Y isHiIo P olsaab Bnasht BTSN |

based t ght ad hep ] ui " Lding St f ]
corrpos?étblég??aa%%eﬂ’ %WE’Q sﬁ?@ﬁé’ht“‘?hvﬁﬁ%‘? o%é"ﬁts |°|ch{a‘@ﬁ't‘ﬁr%rt %r%#'ifa?'cr aft
hydr auldaceptalild eorgrsi praiectiong| edeepabléa)or temBoratored Flowei grlobeppriscent )
based gp. t he, t.ot al r%la ht of thﬁ f.{ uid) of tri-isobutyl phosphate; {b) from
30 to AXISGRPIBH: 2BYA '9',”8559@5’3 Blithe total weight of the fluid, of

tri -5 BiinmANosimat Ifvedionc) from 10 to 15 wei ght percent, based on the
total werght of the frurd, of one or nore triaryl phosphates; {d) an

ef fective andusinvshtianvs siivestadytoi pramsphatpestee basé efodncahpesitions aadount  of
acid cqg itive, .and (f) .an effective anmpunt of an erosion inhibitor.
25 In %@H@Lo’ﬁ%ﬁljﬁ %Mi %ﬁB%%ﬁ?qsor?og APgsa ﬁéeﬁ%%g’r‘ﬁw?%v@n’t‘?% i's

di rect @dmmnﬂm,ﬁbﬂg{@gﬂqamggt@%bﬁ, bheh@ conposition including: (a) from 30
to 40 wei ght percent) based on thg total weight of the fluid, of

tri-isobutylAcohsEngisit é) o) of itenocBBpasiticts aspegtst thermesént PasatioRrst he
tot gb \é\ﬁ'egt% %f a%hgirérlaw Hj/dr?églig fﬂuM Icg}m%ljotsmonppnoc updr}r% eé phosphate ester

base stock including a mixture of tri-iso-butyl phosphate and tri-n-butyl phosphate

(A

and a sufficient amount of one or more triaryl phosphates such that the base

stock composition produces no more than 25% elastomer seal swell: an effective



(c) from10 to 15 weight percent, based on the total weight of the fluid,
of one or nore triaryl phosphates; (d) an effective anount of a zﬁggﬂ%hhy
i ndex i nprover; 2 ~ AFB 2aa,~ 3 {e) an effective amount of aci trol
additive; and (f} an effective anount of an erosion inhibitor. !'n a
-preferred enbodi rent, the above aircraft hydraulic fluids further include:
5 (g} an effective anobunt of a rust inhibitor or a mxture of rust
inhibitors; and (h) an effective amount of an antioxidant or a m xture of
antioxidants. In yet another of its conposition aspects, this invention is
directed to a phosphate ester base sto& for use in aircraft hydraulic
fluids including a mxture 10 of tri-iso-butyl phosphate and tri-n-butyl

phosphat grrvuht af sWitediBnindarduptovel; Aneffectivetdraotint ¢iradid ebessinaidfesuch
that the base stock conposition produces no nore than 25% el ast oner seal

swel | ;  waed @nreffertivenaurunbef an prasian phibjiorpHbeisinthe araagelsofitriden-88tyl o 50

wei ght e referapl 45 i ght ncent ed .on t t ot al
wei oht opngsitiass3aRbEs 3 A0 RS eichuust e BleBRbaC fbm B3 SE0p iR i <
i nvent i opercendliveidesh tfe etahnsiphesRhesiugd. base stock for use in aircraft
hydraulic fluids including from5 to 16 wei ght percent, based on the total

wei ghtSof t hellhasethars¥ils epmprsition aspests, thaupyeset drytitiossis difestecetmi nder

t the b ) ) > ) ot

Ori - b dy PRra SnIPaLHE L RoMabEHIER, Pelding = Briddiniass RAEERALE B0

ranges finolnd#fg fronb@ teel ghieigier sarobnt, basterorbihg totf)weaight of the MRirgtiic

percent, bgse on the total lg%lpght of the base stock. 1n still another of
it

Lt s conpBs ¢ 9ipnaspaare trighy Qféﬁ‘f?ﬁ?tﬁ‘ei remgindariefdhe bage sterdpiRaldingst er
50 wer ot Myt BFSid-BUAE AL AN 1% bl HRosatind il Birete 28RS 1©

tri-itb-df yiscpsibsmuExamprbyer, monsf@Etive ahfowticjkicidertmitadditmeednomnt he
total weight. of the acife st ock, of, t.FJi-r]- bﬁt}/l. ptgosghate' e%ng_(c) from6 to
16 wei gifiTeyaYR eATNOURE ¥ 30n SfFron JPAPIGRI WAETHR HIRe 2Bt QTalikisodittdne or
nor e triphoghhaRoFRIseRom380 td 488l eighPpBRIen®  preterabi9 TRARI30 M@W@t& this
invention is directed to a phosphate ester base stoCk for use in afrcraft
hydr aul iPeréanti easedendbpdetal wejoht cbiiesitido 45 wei ght percent, based on the

total wei ght | ofgli e RASLoFI E8mpBEitibh 1 ashaisC tey hrddfaA? VR Son is directed
15 to an aircraft hydraulic fluid compasition including:
(a) from 30 to 45 weight percent, based an the total weight of the fluid,
of tri-isobutyl phosphate;
(b)  from 30 to 45 weight percent, based on the total weight of the fluid,
of tri-n-butyl phosphate;
20 (c)  from 10 to 15 weight percent, based on the total weight of the fluid,
of one or more triaryl phosphates;
{d)  an effective amount of a viscosity index improver;
(e)  an effective amount of acid control additive; and
) an effective amount of an erosion inhibitor.
25 In yet another of its composition aspects, the present invention is directed
to an aircraft hydraulic fluid composition including:
(@) from 30 to 40 weight percent, based on the total weight of the fluid,
of tri-isobutyl phosphate;
(b)  from 35 to 45 weight percent, based on the fotal weight of the fluid,
30 of tri-n-butyl phosphate;
(c)  from 10 to 15 weight percent, based on the total weight of the fluid,
of one or more triaryl phosphates;

(d)  an effective amount of a viscosity index improver;




.1 pPf~ 20g1 4 (b) from40 to 5D wei ght percent) based on the total weight

of the base stock, of tri-n-butyl phosphate; and (c) from1l2 to 16 wei ght

- percent, based on the total weight of the base stock) of one or FOpR 2003
triaryl phosphates. 5 Preferably, the phosphate ester base stocZ i'ncludes

. from36 to 44 weight percent of tri-iso-butyl phosphate; from42 to 48

wei ght percent of tri-n-butyl phosphate; and from 13 to 15 wei ght percent

of one or nore triaryl phosphates) based on the total weight of the base

stock. Brief Description of the Drawings 10 FIG 9 shows a graph of

conductivity (in mcro mho/cm versus gotassiun1content (in ppm for the

erosion inhibitor FCG-98 in TBP, TIBP and m xed TBP~IBP solutions. FIG 2

shows a graph(edf candietctivé yncaint 230aE8B@dBtro( additivegramdrho/ cn}  ver sus

pot assium content (in ppm for the erosiqgn inhibitor FC-95 in TBP, TIBP 15

and ni xed TBPHI BP28 P amaunol 8 eEpHaR INDIRjIXph of conductivity at 20

C. (inmcro rs - |.BR ] T BR |

cont ai ni ng thli,Sh (e%/r g’g% fgﬁ%ldn%l%bl é'ﬁgﬁfzc;@f QEE%%SHF@D@E@S@%%&@%ph of
spleci fidnguaetty {25 C.h/ 25 C.} ver sEsbper cent ng TI B(I;’ f(c):r gixed TBP/ Tl EP
solutions containing the erosion inhibitorg FC-95 and FC-98. Fl G, . 4A shows
a graph of weCQSl sc effeptiveprmawt & ?W%W%“ﬁb@f aBﬁP‘Ttur\%%{?ru’FEﬁW%‘KPé??sus
percent 1| BP for mxed TBP/ TIBP solutions. FIG 4B shows a graph of percent
el astoner swell versus percent TIBP for 25 m xed TBP/ TIBP solutions. FIG 5
shows a graphhpf aan effectiva ambantph et afiioxidetgnta pexterensfantiexglastdour s at
250 F. for fully formul ated aviation hydr%l,é{ﬁic fluids_ contajni . 5%
water. 30 iin-¥gt-angiher of SEEANPEBUBERSRES T, ANSABVEREST R/ENPF fis

i nventi o‘tsaﬂ%ggtb%a%e A6MeforRRRSiRNAtSaf efaﬁewsﬁm%ho@rﬁﬁra%iﬂdrens and

to aircraft aul'ic fluid conpositions contalning such base stocks. The
conpddl tof dmrdsatbeiyt phedphateand tirre-botylpbnsplorialangd pseffisiesd apjoitefidnag t he

o0 ooens BBl iR ATRRRAMES oAU be i sRRCOTRERRan Bl
conponemsreatigas opbiN aslagtbehdrheaablssvdie dwhergimythlze apaishic b dirigisodutyl

mufti-step process where two or nore of the conf'po ents are conbi ned and
bl ended PRABPRE BNeRSI T Msoiten? weighd rerasal PeelerbbfoRtSa 1Ri4a welhind t he

resul ti ngld@'trﬁ,tbgé%c{gﬁhgfotgf \gﬁgﬁpof{ﬁ%eg%rea%{}jgk the erosion inhibitor (and

optiona e anti oxi dants t are normal Ty 'solids) is preblended with at
| easti5one of Ini hengthes pifaite @shpoesiiers asteotk thismoventios [prdifesteablty =i t her

the TIBP (tr,i-iso-butyl osphat e) .or . TBP, (tri-n-butyl. sphat ¢ al one or
- adm RoCTRStE Rk b ST LehiS ettt b e A inBRSRA R 16

bef ore agdidiganpbedntebasabbandedbtdl hecighmel tienBasslididoky 8 cagdomesPhat e
ester conponents. The Ehrase "t he base stock cornpgsition produces no nore

than 2, B RRAsphetes dar remainder ofghRdaskattoahallding &MU ahitblea- t est
such asyfif $hbbpflate and tri-n-butyl phosphate; wherein the amount of tri-iso-butyl

20 phosphate ranges from 35 to 50 weight percent, preferably from 35 to 45 weight
percent, based on the total weight of the base stock. .
In still another of its composition aspects, this invention is directed to a
phosphate ester base stock for use in aircraft hydraulic fluids including:
(a) from 35 to 50 weight perceni, based on the total weight of the base
25 stock, of tri-iso-butyl phosphate;
(b)  from 35 to 50 weight percent, based on the total weight of the base
stock, of tri-n-butyl phasphate; and
(c) from 6 to 16 weight percent, based on the total weight of the base
stock, of one or more triaryl phosphates.
30 In yet another of its composition aspects, this invention is directed to a
phosphate ester base stock for use in aircraft hydraulic fluids including:
(a)  from 35 to 45 weight percent, based on the total weight of the base
stock, of tri-iso-butyl phasphate;




21 APR 2003 or D6-314, where a qualified ethyl ene-propyl ene el ast oner
conpound is imersed in the aircraft hydraulic fluid and aged for 334 hours
-at 225F (107,2C), el astonmer seal swell does not exceed 25% ThZ tﬁBng

"al kyl" as used herein refers to a nonoval ent branched or unbr 11 '

_ saturated hydrocarbon group preferably having from1 to 12 carbon atons,

nore preferably 1 to 8 carbon atons and still nore preferably I to 6 carbon
atons. This termis exenplified by groups such as nethyl, ethyl, n-propyl,
i sopropyl, n-butyl, isobutyl, tert-butyl, n-hexyl, n-octyl, tert-octyl,

triisopropyl (C9), tetraisopropyl (CL2, and the like. "Cycloal ky" refers
to cyclic al kyl groups of from3 to 10 carbon atons having a single cyclic

ring or nul tiﬁbl)e claodettsRa50 Wgghtwhe ebnt aasbe capthiedotdl Meightftthe baed wi t h
from1l to 3 al kyl groups Such cycloal kyl group include, by way of exanple,

cycl opr aipgtk, afyiHnouiyyphospyetes @t yl , cycl ohexyl , cycl ooctyl,

1- mekhyl cycl opro et 0 R I Ml e ARyl refers
to on unsat urll oo KB o AGRORFSEM, pasad Bh We THEL HRI pf (1dBse . O
hari ng %té&I@Gﬂf%n@id‘rgn&r%-tﬂaﬁylIph@@ghéte@f mul tipl e condensed rings (e.g.,

napht hyl ). Such aryi groups may be unsubstituted, such as phenyl, naphthyl
and tr’% Iike,Pf@ieTﬁéV. §8@§mhatat@deWa$ﬁ stosk iRGEART FOrbRE I@A%Wﬁ@h& Kyl

Jleh” as PR PE IR RRyr Phetihat®l 3R 42.35,1 Mol Rt e, BEvpuff o
tetrai sopnaphhRy emdaioth, 1308 16heeighk percBhe op bas Wraheretlay rasphateeck

conposition of this inventign conprises a mxture of tri-iso-butyl
phosphat@sad®n the-tatabuejaht ghdig hase s s suffici ent anount of one or nore
triaryl %Qﬂ’mﬁﬁ’? I? a ghase stock conposition produces no nore

t han 2S SLASISH D tha i mﬁ Q 1 1~PR 2003 Preferably, phosphate ester
base18st ock céiBodigHoms afgraph ©f icomduttivity (Tompuro gebofenymelsyopeBssoT e
preferably from 10 t 6,,.and still. nore f.er abl r tq 15 i ght
per cent Poé%éd(p%npﬁrﬂg ‘%Bttgﬁ GEIET ’Bg%ﬂtﬁép%g'g é’?oﬁ%’?’ Oﬂhﬁé“ﬁr ”I%%,%
triaryl TRrOSEHRLEStiohse remai nder conprising a mxture of tri-iso-bcriyl
phosphate and tri-n-butyl phosphate. Myre preferabl és (phos_phate ester base

stock conposFi®oR #howhiasaranfeni icondueiivityi 830t 85 (tno mMieranaihgiémbper cent ,

he’ bacteSpScdtasf O poheeht 7 inOits e/ 688 IBARAE: PO-ba % JBE T 00
e b T ey phasphat o ans b om 6.t 16 el ant - percent
ﬁere pref er agr(?- %‘&ﬁ?ﬁ’ﬁ’f q gralpém Rﬁ?@%&%‘éﬁ%éﬁ?—g" E;g@dméﬁfot'ﬂ DIFBI)gIer ght of
the basgegkptkiBRfoPRked TEPITRF 5aiLYbnd B@ﬁ@hﬁﬁ%%e Shbdibn isitdrsef@r abl y,

the phosphate ester base stock conprises from36 to 4-4 wei ght percent,
more pr% endidliG-989 to 43 wei ght percent, even nore preferably from40 to 41

wei ght perce I1,J<S0- I b )] ' ent,
preferably 4’2@'0%33%\%‘3%5%9? %’é’?{gg%{b,%%nn@?%&g%{%na r2/§5f fé%v%utg ;B ez{gg@t/gi ght
per cntTIBHY farr mixedbTBRYTIBRosgplhtibes canthifingrthd Zrosioh iGhibitoghFCp@% @mdt , nor e
preferably from13.5 to 14.5 wei ght percent, of one flr nore triaryl
phosphaﬁfé'sg,a-based on the total weight of the base stock. Preferably, the
phosphate e ISy | i } /il et hyl
phosphat e. ?‘ﬂ? pﬁﬁgﬁﬂ‘g’% %Cg'?tpﬁ oﬁg)segrss?égghcrgﬁ%g%’ﬁp@qg?@?%i@ﬂrr?t\?@nt i on
may be Weabilael) veisiis maveentr TIBbY for acided MBRY T polotibde. novel aircraft

hydraulic flyid 0si tions, en_ the phosphat e ,ester base i S

conbi nedwi {1CS ARG iPAS" OF RENSR ELRPAEt PUE CBEHEIRT BBl G IO compr i se

fropsd nhiQed 4B ISP Roriergbl y from 8.5 to 14, and still nore preferably
o014 21 A

from10.5 t PR 200;i weight percent, based on the total weight of
t he hydraul ildGE usliowefa graphoef @etiee tacidarsaepiviophugight perentlewenstder

conpri si ) X{oUE €  Of Il SO7 vl . S . S0 =N I sphat e.
Mor e pf’&ugsr %glr%/éﬁot ﬁefﬁymlguﬁoﬁ‘aﬁigé OA Vé%@%’o@??%agwév% '{jg ccoo?r‘rt)gr)'l}{@’é P gyfz’)n 30 to
45 wei ghtempercent, nore preferably from3Q to 40 ;wei ght percent, based on
the total weight of the fluid, of tri-iso-butyl phosphate; from3Qto 45
wei ght percent, nore preferably from 35 to 45 wei ght percent, based on the
t ot h wei ght of the fluid) of trin-butyl phosphate; and from 10 to 15

vvei% t percent; based on the total weight of the fluid, of one or nore
triaryl phosphates. Preferably, the hydraulic fluid conprises from34 to 38
wei ght percent, nore preferably from35 to 36 wei ght percent, of
triiso-butyl phosphate; from3 S to 42 weight percent, nore preferably from
39.5 to 40.5 weight percent, of tri-n-butyl phosphate; and from10 to |4
wei ght percent, nere preferably from1l 1 .5 to 12.5 wei ght percent, of one
or nore triaryl phosphates, based on the total weight of the hydraulic

—— o P o




10 OR1L ~ 1 APR 2003 wherein RlL is selected fromthe group consisting of

al kyl of from1l to 10 carbon atons, substituted alkyl of from1 to 10
carbon atons and from1 to 4 ether oxygen atonms and cycloal kyl »f APRdggy3 to
10 carbon atons; each R2 is independently selected fromthe group
~consisting of hydrogen) alkyl of from1l to 10 carbon atons and - C(O ORS
where R3 is selected fromthe group consisting of alkyl of from1 to 10
carbon atons, substituted al kyl of fromt3to | O carbon atoms and from1 to
4 ether oxygen atons and cycl oal kyl of from3 to 1 O carbon atons.

Particularly preferred i ddi t | rmul a are the
nonoepoxi de, ?-oxabi cyéﬁgﬁ@.ﬁﬁﬁepst : #glgbﬁwwoget hyl hexy!
ester which is disclosed in U S. Patent No. 3,723,320, and the nonoepoxi de
?-oxa bicycl o[ 4. ) ;RRRLARS drédl EATRARX phbhatd Ehterdiadh Kbk B8hBbSt6 - -
the di-isobutyl ester). The arid ant: of additive is enployed in an anount
effective t enddavangdyhydraulicildidpompositions copprimal lsyclabagsatadkal Tast er s of

h hor i id, dari ti f th t 1, SSi . hani f
B al roraf t copopoasscibed erein st rTERRSAl poBaRS BIPEIRE N, an amount
ranging fr O’E‘olmgaotngnﬂs o?ﬂf@b&hb%ﬁgéﬁ & fethP AT hORoEDFedue! The MiindiHg Socése

hydraulic (la conposition, anon preferably from4 to 8 weight percent
and still nonsy pe edrehmiidasa ongl stap ProSessevlyre afarfdbatomporidnds drgdrmbited

fluid it this i ti | so typicall ' '
i bi tor 1 ndinenBleAdca pr B D EoR0 A AbA T Foen PRRGES BB YR GE RN

corrosion. | 100 AL P ' , dddoU- S.
ot ent Mo, SaBieEyBe LB ah@RRoRE alld SRR corortha: Eded . ot
whi ch are i nkebhexlad esixhee ahd thereswltiog emzeurs furttikrdriersdedi rety. Preferred
erosion inhibitors include the alkali netal salts, and preferably the

potassiumsalt, of a perfluoroal kyl or perfluorocycloal kyl sulfonate as

di scl osed in U. S.Piefirebly, the.crasiay ;mibigivor (Sud hptionally the antpxjdants thas are
~s~uauodcuoa s~t30 ~uir ..to pzn~ . otlrrpap~r~ a=.~0 uot~pnco ~t{qi ~{tt o~
ant ~a~a ~ur thAFD lVé"ﬂ@s)éiHLeﬁP’i(@?ﬁF%aﬂg—gﬂ.‘mﬁ@f@?&mﬁ%&ﬁﬁ%g%eréoci‘sudu: oa
i at.pm- uor~ ~ : = Qb ~ "

pai o d & GbbneRls B ARARRT I S Rh TRy FIBMTOREL g
~0~t2nl yp qshoBphide}, Whor@ orGn@daratuce]as @ture wdmpdett fadolutian ofithikerosion
ot~rtE tpr~t~ a~ ~o |t~sann p~o~ aep uo paseq ~uaarad ~—~tarr. S yp 0~ ~p~p
ui 0~ ~o zuncnhibiter befare pdditen do e preblend i ibarempimngddiives gnd ghogphatey
swst uet [ oaui uot sst wsue~., sannod aqi muotsora ~tgatiu~ o~ anr~aa, ~a

~ur ~ou. ~ ue ?ﬁl{lerrﬁﬁ’i@ﬂ"&%gsi i 0~~q~t ~ut uotsosa at.~y hydraulic fluid
conposition and nore preferably fromO0.05 to 0.1 wei ght percent.

The phrase “the base stock compasition produces no more than 25%

elastomer seal swell” means that under industry standard tests, such a5 NAS-1613



M xtures of such anti-erosion agents can be used. In a preferred

enbodi nent, the hydraulic fluid conpositions of this invention further
conprise an antioxidant or m xture ofd anti oxi dants in an anount ﬁ@% ?ive
to inhibit oxidation of the hydraulic fluid or any of its coﬁﬁb ﬂ@
Sui tabl e anti- oxidants are describe in U S patent No. 5,464,551, the
entire disclosure of which is incorporated herein by reference inits
entirety, and other aircraft hydraulic fluid patents and publications.
Representative antioxidants include, by way of exanple, phenolic anti-
oxi dants, such as 2,6-di-tert-butyl-p-cresol (commonly known asbutyl ated
hydroxy tol yeng-361485here a qualified ethylene-propylene elastomer compound is immersed
tetrakis[nethylene(é,S-di-pert;but | - 4- hydr oxyhydr oci nnamat €)] net hane
(1rganox 10iOtheraineradt bndxgghgil)lldaﬁdy%g@é tbr R34 hours 522257 07A5C), elastomer

anti oxi dants incl ydj ng, way ,,of, exanpl e, diarylam nes, such as octylated
di phenyl arrf“??ést"?ﬂrd%gé"g%"%ﬁgé‘ T. Vanderbuilt),

phenyl -flr,-nepht hyl am ne, al kyl phenyl -re-napht hyl anmi ne, or the reaction
product of N-phenyl benzylanine with 2 4, 4-trinethyl pentene (Irganox L-S7
from Ci ba Gei gy) ?i'h&it%‘ﬁ%" Fﬂmaﬁ’@%‘nb‘?’é‘&f?f%ﬁf%%{n%ﬁ?éﬂ?m T8RS He,

4, 4" -di am nogdi agy& 'gﬁlh a7 SHIRS RO b R TR

4-cycl ahexyﬁlg%n@‘ﬁo I p%gaﬁ yy a]%d]r'le. SJthl %I)ngﬂger sm%ﬁﬁ‘%ﬁrgm}&}%gﬁt{b@i ncl ude
am nophenol stosii; fhois phefbtibiy hto 3 opbenetomband stily nokapreftrablynbfhé saboand

N-i sooctyl - p-am nophenol , as wel | Sg m xtures,  of any such antioxi dants. A
preferred netems ellus term isexrapkfied By gFvunseich agmsthylcathylpmpyepy, werropyl, and

di (octyl phenyl )arni pe . g. ; i xture) _Another. prefer m xture of
ant i oxi dant Q%@QI,SBEHWE’%@?TWP&%PW téeogéﬁ', rert t%‘%cﬁ’é??’sl(?gﬁ'itﬁtg‘ and

6- met hyl - 2, ﬁbp}&tp i(@pﬁyhﬁ@u@ﬁmt hyl ] -phenol (e.g., a 1:2:4 mxture). Still
anot her preferreg m xt'ure of antioxidants is 2,6-di-lert-butyl-p-cresol,

di (octyl phenyj)am ne and tetrakis (nmethylene)(3,5-di-iert

but yl - 4- hydr oxyhydyeehriyprrefers fodictiaafkyt grahips oft frbn?3 8o M0 XhiYoR)atorhbe
antioxidant or, m xture of antioxidants is_enplaoyed in_an anount effec tare
to inhibit bavina® reletyelicring or Byltnle condensedripgswhighcantieeopiionaldki dant or

ot £ antioxi . . ! ;. |

wer ght  per caneisd MuPa b, CF) UG SA RN R Bibe EMUE Sy by &

mare prefer abémfﬁg ?aeﬁﬂobylg eycdloailg byclppampntydisiesdl, enclobetyl, dtmkthyki ght  of
ul

the hydraulic f conposition In another preferred enbodi nent, the
hydraul i ¢ f Fyslapropsh dsmethylryclopentyl, -mathyleyeleerish furt her conprise a rust
inhibitor or a mxture of rust inhibitors in an anount effective to reduce
the formation of rust or corrosion on netal surfaces exposed to the
hydraul i c fluid. "Saylf aefees togstunsairagied asosmaticeaghosyeligoeeuppitrom f4edfit No

5,464,551 the,ent]| j "WRi N ' ~1
APR 200 SRepl Ay Rl S Bhe (AR, Fhchih bPARIARE BuRitlel B B (1
pat ent s andnppiithi)aiSuoh anfRgpoups emtydid wesubststutedpinchi dsphenynabpidky! dod thay of
exanpl e cal ci um d‘?notzyl napht hal, ngo sul fonate, a Gro;ﬁcl or Gouyp ||l netal
over based ah¥eoer may besubsigtph i o7 exappip Sns @ H7o7e Byl groups and prefer-

ably 1-2 alkyl groups, including such alkyl aryl groups such as 4-1sopropylphenyl,
4-tert-butylpheny), triisopropylated aryl, tetraisopropylated aryl, and the like.

The phosphate ester base stock composition of this invention comprises a
mixture of tri-iso-butyl phosphate and tri-n-butyl phosphate and a sufficient amount
of one or more triaryl phosphates such that the base stock composition produces no

more than 25% elastomer seal swell.



R t NN CHZCH(RS) OH] Z wherein R4 is selected fromthe group consisting of

al kyl of from1l to 40 carbon atons) -COOR6 and - C~i ZCI—|2N[CHSCI—|5RSKO—9 z -
r~rhere R6 is alkyl of from1 to 40 darbon atons, and each Rs idsl AFR 2003

i ndependently rejected fromthe group consisting of hydrogen and nethyl,
including NN, N, N -tetral ds(2-hydroxyprop~rl) ethylene diam ne and

NCl - bi s(2- hydroxyethyl)tall owam ne (e_g., N tallow am ne al kyl -2, 2’

i m noabi set hanol, sold under the tradenane Et honee~n T/12). The Goup | and
Goup Il netal overbased and/or sul furized phenates prefer ably are either
sulfurized Goup | or Goup Il nmetal phenates {w thout CO= added) having a

Total B Nunb 1B f t th 0 to. .about, .200 . G I
Soup 1 oret ol obsihabby Phari/or B UATeRRES CARPPRECR oF B OTveriem 75 Lo 400
prepared bycdprigehthdrh Fnoof6, sRsTe PReidi=BK) SemAW 0N, g shN SRRk ?Péf@ﬁbﬂf the

phenate. More preferably, the netal phenate is a potassiumof cal ci'um
phenat e. Adffotn bhd 1§ weighs psheensthas thedgebuweight wi thd bass stdek, gfbrieoor
provi de enhanced. hydr.ol yti.c abi li.ty. Each. of these copponents are either
comrer ci al IVoéﬁg'fq%lﬁ?@%f’%ﬁ}'%m?@ IR RIS R wdgobathods. For
exanple, G p@ﬁﬁeﬁn@' OV.8h g furized phenates are commercially

avai l able from evronmChemB’?gF %rrpany, fan Ranon California under the
tradename OL~3r~~ including, O, O~ 21~, C3LO ~ 215e and the |like and are
desc, rri bed by | v far ' Ferdfse Stock camnositon of el L=

MA~11" ~I t c~Tl O?'—P‘ETE piifﬁflabg.y’fﬁf'—%}%&%, ase gtock composifigh of i inyention

N, N, N, N- t ef eqrkpa §e3-fror 1363y -S0rwpigh) piradnt] @oRdirafefablg ficm 453649 y

Macki nnon U.S. Patent No. 4,374,674. The disclosures of each of these
patents ar ePFIGE%:s Pasediasdhadetal weight pEthebase gorls afteiiro-butvl phosphatgy om | or

Il nmetal di I u [
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| ndust ri es) totaSweighnaf the bhieystastqidf aiinebtylgphokpige; AdUBbhIGS, 1oWyighi SO be
used as a rust inhibitor in the hydraulic fluid conposition in an anount

rangi ng t onPercent gore prafigelivireraledatl 6oreighipargantabased onithe wia aveigldiofi on.

The rust inRjhj ! : i nhkhito IS in. an anount
ef fective ?@cﬁna%?%ﬁo?%#eﬁ%grrﬁna I oéan%; p#%?‘%rg le‘r’%%%%&?@%m% i nhi bitor
i s enpl oyedph Bteassted base stock prigenfthrd 08 td a4 hweigh rGretpreferaby
pref gPab?/y g%d(i)g(])jg to. .t5 wei ﬁ::ggr cent, I%g&e‘%ti I4I%%§?}?§f er al?lr; fat_ 0.01
to 0. D wei ght° A pisigls BoEeml o FiR8e PEEEPONST YR 0IP Alheeighpesernteotitivi d
conposi t | Onbolﬁiﬁﬂ ﬂl%lﬁa;?{)l%é;%rﬁm&@wgﬁﬁéighttﬂh%cénlﬂ,sﬁrefe?ﬁﬁl?%% 48 UBMHSES a

m xture of N,N,N, et raki s(2- hydroxypropyl )et hyl enedi am ne ahd a G oup
il netal ovpercentethoptpreferablydTem 454036 weigiitneresnt, afitrismnbutybphespbater zreld
enbodi nent, .t he sf,.inhibitor conpris 1 xt ur.e. of N .

bi s( 2hydr ox?@f”hyﬁ{ #i {6 PR ﬁ??@ﬂr%ﬁﬁéﬁj‘g’?glyr%?’iﬂérﬁj%al% StRiehtiperrspt ol
overbased phgnat & ofeurfhryl fhoSpHatdl, bhddSh th nﬁalhweiirgaw&fﬁcfb'awaoaeﬁpw tions
of this invention ran optionally contain turther "additives such as copper
corrosion inhibitors, anti-flam ng agents, dyes, etc. Such additives are,
wel | -Kknown in t NG b A heAbtf spRATRYES Bk Ye¥ka bk 8l BrveblidiiGo R e ester
base fluids of tﬁfs in\%lnteia%n sgre useful for pr eparﬁﬁ’g a??g?agft)&%%{r’aul ic
flui ds and #detriettyd phasphateai rcraft hydraulic fluid conpositions described
herein are useful in aircraft where the operate as as a power transm ssion
medi um The conponents of these phosphate ester base stock and aircaft
hydraul i c flui d Thephssghatnestetttesastocls yorapgiisonscal this ianehtidnensebect i on of
the raga

combined with one or more additives to provide novel aircraft hydraulic fluid
compositions, When the phosphate ester base stock is combined with such
additives, the hydraulic fluid composition will comprise from 4 to 14, more

preferably from 8.5 to 14, and still more preferably from 10.5 to 14



IS1T 1 ~! PR 200 of tri-iso-butyl and tri-n-butyl phosphate content of the
fluid is essential to pro~zding an unexpected and surprising bal ance of
conbi ned properties critical to avi ati on hydraulic oils, incIudirzn‘gAPRZ[m,J
acceptabl e hydrolytic stability, high flash point, good antiwea '
properties, acceptable erosion protection, acceptable |ow tenperature flow
properties (viscosity), and elastoner cornpatibilit~r. EXAMPLES Exanple 1
Forrmul ati ons of the Invention The follow ng are exanples of formulations of
this invention. In these exanples, all percents are percents by wei ght
based on the total weight of the conposition. Fornul ation Exanples A-D can
be prepar egvdightiierostit/isaset enftiod tavali ve zboofithe dpdauliEfluid\of .onBlox more

CEx. DTi BP35. 7%34. 0/ n37. 2936. 2%IBP39. 9%} 1. 8938. 2%39. 5/ aTrj al kyl Aryl 32. 1%

| . 994.2. 394 tri@Yl/phosphetescths yemandenoampuapg @ nughire of tri-iso-butyl phosphate and

Addi tive3. 7%. 6% ?%gﬁéo rosi on I nhibitor0.07%). 05%0. 06%©. 05%ust

| nhi bi t or 0 TéTREERES : 03%Ant i oxi dant |, 5%45% . 3/ 92%lust Cont r ol

Addi tive0. D5% 0. 0S%®. 07%- Dyes0. 001499. 00149©. ' 04D%®. 00D¥Ant i f oam ng Agents

0. 001 %9. 0019®. 0Q01% 0. 0Q1%.f 6 Ex e.2 ~ 1 APR 2003 Effect T]BP
Concent rat i on 03‘]{%@& mﬁ)ﬁ'&%ﬂ@#ﬁ%%&%ﬂ%w CeRpE! ﬁf‘h#ﬁ?%‘éﬁ

Pot assi um Ber 2861 G g ifd Gandugtivity
provi ded b%%tﬁ‘%&l&%tbro addi {i vﬂ,g itﬁag%ﬁg%@gi%%gt déggglﬁ%m o %geci es in
a phosphat evetglitedf thée €, offery-isuebutybphasphats; fromi 30ic04S okigh pertfigaidryeness

of an additive designed to‘ﬁontrol el ecégr ochem cal erosion. Conpositions

were prepapeferrblnGorEdte 4nwershd ge1aspb baset on thetatak weight of dheafipidopdiziny
ith TBP T1BR trial kyl ) t , i ti

wer &t oot ol Pt EhstsahRe g BUAR 0% 500t ARSRC Vit Bn oI0GRE BT, | O

(and graphieahliyg, b ofik SHFRFec kidiphdkphatad)! ﬁeferﬁﬂ?%@ﬂiyﬂfilﬂic@ﬂﬁ@@&mﬁﬁses

Erosion Inhibitof FCG98 (mcro nmho/cm at 2aC) Potassium, )
m FC- 98! f BfiRFT398e B8R dvEsrdange: medcrahlp frcpn3S to 36 weight percent, of tri-

- 2665 901 40 P Ph o hater R340 R £ Venght $ef e OPv preki bty Bom 39.5 0.5
weight percent, of tri-n-butyl phosphate; and from 10 to 14 weight percent, more
preferably from 11.5 to 12.5 weight percent, of one or more triaryl phosphates, based
on the total weight of the hydraulic fluid.

The tri-iso-butyl phosphate and tri-n-butyl phosphate employed in this inven-
tion can be prepared using well-known procedures and reagents or are available

commercially from, for example, Akzo/Nobel, Bayer, and FMC.

The triaryl phosphate(s) employed in this invention may be any triaryl
phosphate suitable for use in aircraft hydraulic fluids including, by way of example,
tri(unsubstituted aryl) phosphates, such as triphenyl phosphate; tri(substituted aryl)
phosphates, such as tri(alkylated)phenyl phosphates; and triaryl phosphates having a
mixture of substituted and unsubstituted aryl groups. Preferably, the triaryl phosphate
i3 a tri(alkylated) aryl phosphate, such as tri(isopropylphenyl) phosphate, tri{ters-
butylphenyl) phosphate, tricresyl phosphate and the like. Mixtures of maryl

phosphats can be used in this invention.



Tabl a 2 Conductivity Effect of Erosion Inhibitor FC-95 (mcro mhol cm at
200 1 A~'f~ 2000 Potassiumt ml ce-95~BPFC-95fi TBPI eC- 951 Nf i xedl 3

- 2.200. 7248. 500. 9063. 101. 0734. 600. 3252. 700. 406s_soa. 4733. 840. 504 3&@.@%66.7
00.?5 s 50 wt% TBPI 50 wtto T; ~P. The erosion control additives zﬂ iJ

~ higher conductivity as the concentration of TIBP in a TIBf blend with TBP

I s reduced. Hi gher conductivity is desirable f9r better el ectrochem cal
erosion control. 4n the other hand, specific gravity at 25C125C incr; ~s as
the concentration of TIBP in a TIBP blend with THP is reduced. Low specific
gxarity is preferred, since a |ower density phosphate ester aviation

3rydraulic oil « ¥ f: i ' | ‘ 4.1 13 er
total fluid wei &%gwﬁ?’e‘%}%"r@gp g‘%ﬁﬁ%ﬁ?ﬁ“ﬁf&éﬁﬁ%ﬁ@?]&%?é@%gcific
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phosphat e estemrtypiviity havet 9 wight stverage amolearinoseighormgenddrom 60,0abke 4l Fi gure
4 indicate_that th trati f TIBP in th i al kyl ph h
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those having a molecular weight peak at 70,000 to 100,000 (e.g., 85,000 or 90,000
to 100,000). Mixtures of VI improvers can also be used.

The VI improver is employed in an amount effective to reduce the effect of
temperature on viscosity, preferably from 2 to 10 weight percent (on an active
ingredient basis) and more preferably from 4 to 6 weight percent based on the total
weight of the hydraulic fluid composition. In one embodiment, the VI improver is

formulated with a portion of the phosphate ester base stock, typically as a 1:1
mixture.

Typically, the aircraft hydraulic fluid compositions of this invention further
comprise an acid control additive or acid scavenger in an amount effective to
neutralize acids formed in aircraft hydraulic fluid, such as phosphoric acid and its
partial esters. Suitable acid control additives are described, for example, in U.S,
Patent No. 5,464,551; U.S. Patent No. 3,723,320 and U.S. Patent No. 4,206,067,

the disclosures of which are incorporated herein in their entirety.

Praferred acid contzol additives have the formula:



affect both properties! increased concentration of TIBP deteriorates
lubricity as nmeasured by ASTM D 4172 Four-$all Near test (neasurenent of
“wear scare diameter after 1 hour rotafion ~nf steel balls at 7~ q 4%%
revol utions per mnute, and 40 lIcg applied |load) while inprovi ng ( [yi ng)
swel | of qualified ethyl enepropyl ene rubber o-rings exposed to the

| ubri cant conpositions (334 hours at 225g (107.2QC)~. Figures 4A and 4%
show t hat approxi mately equal concentration of TAP and T)-s3f, i.e., rati9s
of about 3:2 to 2.:3 or abd4ut 4Qw~o0 t about ~t7 w% T IMP in (' ~$P u-
TIEP), pro,,~de a desirabld bal ~r3ce bet~vemm ~r~yar performance end se<al
s' ~eil pe~'c~~ance. 19 Table 4 Effect ofIn'fIBP in TTBP~I BP Base Stocks
on Elastomer Swell and 4-Ball Wear Test Sca Di aneter 21 | aPf~ 2003 Bl end
Nunber Conponent 82238224822582268227TBP80gd4p207. 5TI BP020406072. 5Tri 1 ho h
atel51 SI S1515%/1 Imrover Active In edierS. 5555% TiBP in P

+TI $P025507591Test Resul t s4-Bal | Weap H1B0. 840. 90. 944. 98El ast oner
Swel | 334 hrs122523. 32| . 420. 919. 71 le 4 Effect of TIBP
Concentration on Hydrolytic Stabilitys s ,Poi nt, and Low Tenperature

Vi scousity Table 5 (and Figure 5) conparé,cdhpositions with a9! ingredients
Necessary to neet the aviation hydrauli cRoi | specifications inposed by such
aircraft manufacturers as Airbus, Boeing, and Mdonel | / Dougl as Conposition
usi ng subst avtidréih Riniselesteditroth Bi: grecp sengivingestlaliag of o \D1ET0 tirbah
properties, nanely flash\n[foi nt. and_ | ow tepperature (-54 deg C kinematic

viscosity. E%RKP%&HE‘F@W‘%‘! lorliod Aromy & t0, {9 Frben ptpmg an Srpack led etoemeereen
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ether oxygen atoms and cycloalkyl of from 3 to 10 carbon atoms.

Particularly preferred acid contrel additives of the above formula are the
monoepoxide, 7-oxabicyclo{4.1.0}heptane-3-carboxylic acid, 2-ethylhexy! ester
which is disclosed in U.S. Patent No. 3,723,320, and the monoepoxide 7-oxa-~
bicyclo[4.1.0]}-heptane-3,4-dicarboxylic acid, dialky] esters (e.g., the di-isobutyl

ester).

The acid control additive is employed in an amount effective to scavenge
the acid generated, typically as partial esters of phosphoric acid, during operation of
the power transmission mechanisms of an aircraft. Preferably, the acid control
additive is employed in an amount ranging from 4 to 10 weight percent, based on
the total weight of the hydraulic fluid composition, and more preferably from 4 to 8
weight percent and still more preferably from 3 to 8.5 weight pereent.



20 ~ ~ a~~r~ ~ua:~ very hard to manufacture given the variability in
properties of raw materials used in manufacturing andtesting var 5? @y

- a comercial plant |aboratory, A su~ti ent cl ashion for nanufacturl di@ n
obtained by r~rictirrg the r~atia of '1'~BPI (TBP+TIBP) to about S~% or

|l ess. Qoing to very |low concentrations of' 1THP in the a~riation hydraulic
fluid woul d make adherence to aircraft manufacturer specifications easier,
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earlier. Hydrolysis is the main nechani sm by which phosphate ester
hydraulic oils degrade in aircraft systens. |~gh concentration of water is
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The erosion inhibitor is employed in an amount effective to inhibit erosion in
the power transmission mechanisms of an aircraft and, preferably, is employed in an
amount of from 0.01 to 0.15 weight percent, based on the total weight of the
hydraulic fluid composition and more preferably from 0.05 to 0.1 weight percent.

Mixtures of such anti-erosion agents can be used.

In a preferred embodiment, the hydraulic fluid compositions of this invention
further comprise an antioxidant or mixture of antioxidants in an amount effective to
inhibit oxidation of the hydraulic fluid or any of its components. Suitable anti-
oxidants are described in U.S. Patent No. 5,464,551, the entire disclosure of which is
incorporated herein by reference in its entirety, and other aircraft hydraulic fluid
patents and publications.

Representative antioxidants include, by way of example, phenolic anti-
cxidants, such as 2,6-di~fert-butyl-p-cresol (commonly known as butylated hydroxy
toluene or BHT), tetrakis[methylene(3,5-di-tert-butyl-4-hydroxyhydrocinnaraate))
methanz (Irganox® 1010 from Ciba Gsigy) and the like;



Table 6 addresses the option of elimnating triethyl phosphate (TEp) to
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an effective _.anp of an erosion inhibitor; wherein the anmount of
tri-iso-but¥y Zﬁ’r‘iﬁgﬁ%ate ranges from30 to 45 wei-ght percent based on the
total weight of the fluid) and the anmount of tri-n-butyl phosphate ranges

from30 to 45vve er,cen e total e flujd., 2. The
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the fluid. 3 rauiic fluid conmposi tion including a phosphate
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i nprover; an effective_ anount II érd cont r.ol addltlve nd an effective
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phosphat e ranges. from30 to 45 wei ght percent, based on the total wei ght of
the filuid, ‘he anmount of tri-n-butyl phosphate ranges from30 to 45
wei ght percent based on the total weight of the fluid. 4. The aircraft
hydraulic fl ui d ' 1 phat e
ranges from 30 t n%&%?og%rﬁ%%k\??ﬁ%gls E!%jln&tlt?'(r%t('em J{eélﬂﬁ\%é. ght o@gi

fluid. Z ﬁvﬁﬂﬁhh%&%@aoﬁmfahe bydrbtlidfldida Hriferddiyitlel antixbddting gr mixture

of antioxidants is employed in an amount ranging from 0.5 to 3 weight percent, more

preferably from 0.5 to 2.5 weight percent and still more preferably at from 1 to 2
weight percent based on the total weight of the hydraulic fluid composition.

In another preferred embodiment, the hydraulic fluid compositions of this
invention further comprise a rust inhibitor or a mixture of rust inhibitors in an
amount effective to reduce the formation of rust or corresion on metal surfaces
exposed to the hydraulic fluid. Suitable rust inhibitors are described in U.S. Patent

Mo. 5,484,551, the entire disclosurs of which is incorporated herein by




(a) from30 to 45 weight percent, based on the total weight of the fluid,
of tri-iso-butyl phosphate; (b) from30 to 45 wei ght percent, based on the
"total weight of the fluid, of tri-n-ﬁhtyl phosphate; (c) from 1074qph3yn;
wei ght percent, based on the total weight of the fluid, of one or nore
.triaryl phosphates; (d) an effective amobunt of a viscosity index inprover;
(e) an effective anmount of acid control additive; and (f) an effective
anount of an erosion inhibitor. 6. The aircraft hydraulic fluid of claimb)
wherein the anount of tri-iso-butyl phosphate ranges from 30 ko 40 wei ght
percent, and the anount of tri-n-butyl phosphate ranges from35 to 45

wei ght .per Qlfl I f 1 fluid., 7, . The aircraft
hydraul i c %%fl%?%ﬁﬁg ae?%r%{;’%tgrel nr %ﬁéﬁbﬂ?@uﬁgﬁﬂg&%%ﬁes; (g) an
effective gublishtids, a rust inhibitor or a mxture of rust inhibitors; and
(h) an effective anobunt of an antioxidant or a m xture of antioxidants. 8.
An aircraft hydraulic fluid including: (a) from 30 to 45 wei ght percent,
based on the tot Y& thtvehstlihRidithtsihStudef by by bR Qe 1y ! e (b)
from30 to 45 wei ﬁt percent, based on %uhe’ t%tg‘('ogvel gﬂ%’%?aﬁﬁ’gﬁ?‘%’m d) of
tri - n- but ylnaphtbgjehatselfogaty, 4 Goowp Dot Graup Menghl oveebed ind/bassdturizadt he t ot al
wei ght of the filuid, of ong.or. nore triaryi phosphates; (d) from4 to 6
wei ght perd’é‘ﬁ’c‘?ie'b%%%‘ﬂpﬁ‘ﬂf“fﬂgﬂ’le&ﬁ?“%i ght of the fluid, of a ~~~iacosiiy

i ndex ~nprovar; '~ nnl1l ~i0 ~~ ", fyCl~ " ~i~lr DC'rC&ii, b~SL,Cs G the

iCr'~ai 'd ,l~ini'lt C-i ih~s i ~pR 20D3 (f) fromO0.G to 0.1
wei ght percent, based on the tgmgﬂldv\}g%%fé@b?ﬁ’e filui ((:I,)of an erosion

i nhi bitor; EilleYe ' ; t tqtal weight
of the fl ui J@'S‘F‘%g%‘?%ﬁm@tﬁg?ﬁ%’?g%%gw g%‘@%ﬁ“ﬁﬁﬁpgﬁt%{ N and ?h)
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an antioxidant or a m'xturg af, ?f{}{;i oxidants, 9. The aircraft hydraulic
fluid of clarpngtompcing sachie 1amsisrendsntly selectedifiam theereupsansstngmfes from

30 to 40 wej,g 8 mvtandd RPN Qi kb oD )é]ﬁ te ranges
from35 to 5%?3% per%ént, dl’lﬁ%ed on’t he to%%nﬁ%% tr&;c]r'?f%ﬁ T ui d.
diamine and N,N-bis(2-hydroxyethyl)tallowamine {e.g., N tallow amine alky!-2 2'-

iminoobisethanol, sold under the tradename Ethomeen® T/12).

The Group I and Group Il metal overbased and/or sulfurized phenates prefer-
ably are either sulfurized Group I or Group Il metal phenates (without CO; added)
having a Total Base Number (TBN) of from greater than 0 to about 200 or a Group [
or Group II metal overbased sulfunized phenate having a TBN of from 75 to 400
prepared by the addition of carbon dioxide during the preparation of the phenate.
Maore preferably, the metal phenate is a potassium or calcium phenate. Additionally,
the phenate advantageously modifies the pH to provide enhanced hydrolytic stability.

Each of these components are either commercially available or can be
prepared by art recognized methods, For example, Group I metal overbased

sulfurized phenates are commercially available from Chevron Chemieal Company,
San Ramen, California under the tradename OLOA® including, OLOA 215®,

OLOA 2160 and the like and ars described by Campbell, U.3. Patent No.
5,313,710, and by MacKinnon, U.S. Patent Ma. 4,206,067,



, 27 19. t1 phosphate ester base stock for use in aircraft hydraulic fluids
conprising from5 to 16 wei ght percent, based on the total meightHgﬁ,@Ee
base stock, of one or nore triaryl pHbsphates, the remai nder of Lo HE 'fise
stuck conprising a mxture of tri-iso-bury! phosphate and tri-n-butyl

- pk~asphat e;; dvherein the amount of tri-i~o-butyl phosphate ranges from 35
to 54 wei ght percent based on the total weight of the base stocl~ and the
anount of tri-n-butyl phsphate ranges from 35 to 50 wei ght percent based on
the total weight of the base stock. 1 |I. The phosphate ester base stock of
ClaimiO, wherein the amount o tri-iso-butyl phosphate ranges from35 to 45

e e e L

ester base stock for Gsé& in aircr s conpri o (a) from

35 to 50 welzeKipesr;&hS, Paastioof32H674.0Thk divel@hies@f ehéleoPBse $4t98Kare
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wei ght per dedustbas,ddapalst be used a$ 2 vt gthobiedr it e hydhradisfloidiconbositiod ve
phosphat e ester bass siogk of I 12 .cr~rr~prisi from36 to ~ vwei-~t
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1 APR 20U3 -2% | 5. The phc~sphata ester base stock of C aim 14 cnprising
from42 to 4S weipght percent, based on the weight of the_ base stock, of
tri-n-h~ttyl p\ngt%?‘nafsgmhi%‘.t‘?rfﬂﬁémﬁﬁﬂgBEQI%"H@?@‘?“%%‘EP@W%R’ Braepyitm 15
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stocl~, orf owe ernore triaryl phosph.

an amount ranging from 0.001 to ! weight percent, more preferably 0.005 to 0.5

weight percent, and still more preferably at 0.01 to 0.1 weight percent based on the

total weight of the hydraulic fluid composition. In a preferred embodiment, the rust

inhibitor comprises a mixture of N,N,N',N'-tetrakis(2-hydroxypropyl)ethylene-

diamine and a Group II metal overbased phenate (e.g., 2 5:1 mixture). In another

preferred embodiment, the rust inhibitor comprises a mixture of N,N-bis(2-

hydroxyethyltallowamine (Ethomeen® T/12) and a Group T metal overbased
phenate (e.g., a 5:1 mixture).

The hydraulic fluid compositions of this invention can optionally contain
further additives such as copper corrosion inhibitors, anti-foaming agents, dyes, etc,

Such additives are well-known in the art and are commercially available.

Unlity

The phosphate ester base fluids of this invention are useful for preparing
aircraft hydrauvlic fluids and the like. The aircraft hydraulic fluid compositions
described herein are useful in aircraft where they operate as a power transrnission
medium. The components of thess phosphats aster base stock and aircraft

nydranlic flnid compoesitions interact synergistically and the selzction of the ratio
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Acid Control Additive 5.7% 5.6% 5.8% 5.7%
Erosion Inhibitor 0.07% 0.05% 0.06% 0.05%
Rust Inhibitor 0.01% 0.03% 0.02% 0.03%
Antioxidant 1.5% 1.5% 1.3% 2%
Rust Control Additive 0.05% 0.05% 0.07% -
Dyes 0.0014% | 0.0014% 0.0014% 0.0014%
Antifoaming Agents 0.001% 0.001% 0.001% 0.001%
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Table 1

Conductivity Effect of Erosion Inhibitor FC-98
(micro mho/cm at 20°C)

Potassium (ppm) | FC-98/TBP | FC-98/TIBP | FC-98/Mixed!
34.40 1.01
52.00 1.26
65.90 1.49
35.40 0.43
53.10 0.54
68.80 0.64
34.80 0.69
51.10 0.86
66.30 1.00

! 50 wi% TBP/50 wih TIBP.
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Table 2
Conductivity Effect of Erosion Inhibitor FC-95
(micro mho/em at 20°C)
Potassium (ppm) | FC-95/TBP | FC-95/TIBP | FC-95/Mixed’

32.20 0.72

48.50 0.90

63.10 1.07

34.60 0.32

52.70 0.40

68.60 0.47

33.80 0.50
47.40 0.62
66.70 4 075

! 50 wi% TBP/50 wt¥ TIBP.

The erosion control additives provide higher conductivity as the concentration
of TIBP in a TIBP blend with TBP is reduced. Higher conductivity is desirable for
betier electrochemical erosion control. On the other hand, specific gravity at
25°C1/25°C increases as the concentration of TIBP in a TIBP blend with TBP is
reduced. Low specific gravity is preferred, since a lower density phosphate ester
aviation hydraulic oil would fill aircraft hydraulic oil systems with lesser total fluid
weight, a feature appreciated by aircraft operators. Specific Gravities of TBP? and
TIBP are 0.975 and D.964, correspondingly (at the concentrations used, the specific
gravity impact of the erosion inhibitor is mini.mal).

Table 3 and Figures 3A and 3B show the balance of these two propertizs at 2

caiculaied 50 pora potassium squivalent concentrations for FC-93 and FC-83,
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In both cases the optimum balanee between conductivity and specific gravity is
shown to reside at roughly equal concentrations of TIBP and TBP.

Table 3
Trade-Off Between Conductivity and Specific Gravity

Percent TIBP FC-95 FC-98 Sp Gr
0 0.39 0.52 0.975
50 0.64 0.85
100 0.92 1.23 0.964
Example 3

Effect of TIBP Concentration on Lubricity and Elastomer Swell

Among properties critical to aviation hydraulic oils, it is important to
simultaneously meet good lubricity and low elastomer swell {c-rings aged in
phosphate ester lubricant). Testing on compositions shown in Table 4/Figure 4
indicate that the concentration of TIBP in the tnalkyl phosphate composition tends to
affect both properties; increased concentration of TIBP deteriorates lubricity as
measured by ASTM D 4172 Four-Ball Wear test (measurement of wear scare
diamaeter after 1 hour rotation of steel balls at 75°C, 1200 revolutions per minute, and
40 kg applied load) while improving (reducing) swell of qualified ethylene-
propylene rubber o-rings exposed to the lubricant compositions (334 hours at 225°F
(107.2°C)).

Figures 4A and 4B show that approximately equal concentrations of TB2? and
TIBP, i.2., ratios of ebout 3:2 to 2:3 or about 40 wt¥% to 2boui 60 wt% TIBP in (TBP
-+ TIBP), provids a desirable balance between wear performance and seal swall

verformance.
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Table 4

Effect of % TIBP in TIBP/TBP Base Stocks on
Elastomer Swell and 4-Ball Wear Test Scar Diameter

Blend Number

Component 8223 | 8224 | 8225 | 8226 | 8227
% TBP 80 60 40 20 7.5
% TIBP 0 20 40 60 72.5
% Triaryl phosphate 15 15 15 15 15
%VI Improver (Active Ingradient) 5 .5 5 S 5
% TIBP in (TBP + TIBP) o] 25| so) 75 91

Test Results
4-Ball Wear Scar (mm) 08| 0.84 09| 0.54 0.98
% Elastomer Swell (334 hrs/225 F) 233 | 214] 209 197 18.2

Example 4

Effect of TIBP Concentration on Hydrolytic
Stability, Flash Point, and Low Temperature Viscosity

Table 5 (and Figure 5) compare compositions with all ingrediénts necessary
to meset the aviation hydraulic oil specifications imposed by such aircraft
manufacturers as Airbus, Boeing, and McDonnell/Douglas. Compositions
using substantial amounts of TIBP become borderline in two critical properties,
namely flash point and low temperature (-54 deg C) kinematic viscosity. Low
density aviation hydraulic oils are expected to meet a minimum flash point of
160 deg C (relates to flammability properties of the lubricant) while simultaneously
provide goed flow properties expressed by 2 maxirmum allowed kinematic
viscosity of 2000 ¢St at -54 deg C. It can be observed that compositions very
rich in TIBP (around £8% TIBP/(TBP+TIBP)) ars very close 1o both flash

soint and low lemperaturs Xinemalic viscosity limits and would be
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species) ultimately sets the life of the lubricant is service (establishes time to replace
the oil). Lubricant base stock changes shown in Table 5 have not affected the
hydrolytic stability of the lubricant compositions.

Table s

Effect of TIBP Concentration on Hydrolytic
Stability, Flash Point and Low Temperature Viscosity

Component Blend Number

8117 8118
TIBP (%) 51.98 34.48
Durad® 110’ (%) 10.5
Reolube® 140 (%) 12
TBP (%) 16.2 30.7
TEP (%) 1.5
PA 75707 (40% active, rest TBP) (%) 12.5 12.5
Monoepoxide® (%6) 5.7 5.7
Irzanox® 1010 (%) 0.75 0.75
Vanlube® 31 (%) 0.5 0.5
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5 Proprietary mark of a perfluoroalkyl sulfonte from the 3M Company.
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Table 6

Flash Point and Low Temperature Viscosity Effects

Component Blend Number
3148 8150 8149

TIBP (%) 51.98 ] 3448 34.48
Durad® 110’ (%) 10.5

Reolube® 140’ (%) 12 12
TBP (%) 16.2 30.7 30.7
TEP (%) 1.5

PA 7570° (40% active in TBP) (%) 12.5 12.5 12.5
Mongcepoxide® (%) 5.7 5.7 5.7
Trganox® 1010 (%) 0.75 0.75 0.75
Vanlube® 81 (%) 0.5 0.5 0.5
BHT (%) 0.25 0.25 025
Ethomeen® T/12 (%) 0.05 0.05 0.05
Dye (%) 0.0014 | 0.0014 0.0014
DC 200* Antifoam (%) 0.001 | 0.001 0.001
FC-98 (%)’ 0.06 0.06 0.06
OLOA® 2160Q (V) 0.01 0.01 0.01
TIBP/(TBP + TIBP) (%) 68.6 47.4 47.7

Test Results
Flash Point (deg C) 150 162 169
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Component Blend Number
3148 8150 3149
Viscosity at -54 de& C (cSt) 1950 2425 1760

' Proprietary mark of an isopropylated triphenyl phosphate from FMC.

2 Proprietary mark a polyalkyl methacrylate VI improver from Rohm and Hass.
7-Oxabicyclo(4. 1.0]heptane-3-carboxylic acid, 2-ethylhexyl estes.

Silicone frorm Dow Corning.

Proprietary mark of a perfluoroalkyl sulfonate from 3M Company.
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What is claimed is:

1. An aircraft hydraulic fluid composition including a phosphate ester base
stock including a mixture of tri-iso-butyl phosphate and tri-n-butyl phosphate and
a sufficient amount of one or more triaryl phosphates such that the base stock
composition produces no more than 25% elastomer seal swell; an effective
amount of a viscsoity index improver; an effective amount of acid control additive;
and an effective amount of an erosion inhibitor; wherein the amount of tri-iso-buty!
phosphate ranges from 30 to 45 weight percent based on the total weight of the
fluid, and the amount of tri-n-butyl phosphate ranges from 30 to 45 weight percent

based on the total weight of the fluid.

2. The aircraft hydraulic fluid of claim 1, wherein the amount of tri-iso-butyl
phosphate ranges from 30 to 40 weight percent, based on the total weight of the

fluid.

3. An aircraft hydraulic fluid composition including a phosphate ester base
stock including from 4 to 14 weight percent, based on the total weight of the
hydraulic fluid, of one or more triaryl phosphates, the remainder of the base stock
including a mixture of tri-iso-butyl phosphate and tri-n-buty! phosphate; an
effective amount of a viscosity index improver; an effective amount of acid control
additive; and an effective amount of an erosion inhibitor; wherein the amount of
tri-iso-butyl phosphate ranges from 30 to 45 weight percent, based on the total
weight of the fluid, and the amount of tri-n-butyl phosphate ranges from 30 to 45

weight percent based on the total weight of the fluid.

4, The aircraft hydraulic fluid of claim 3, wherein the amount of tri-iso-butyl

phosphate ranges from 30 to 40 weight percent, based on the total weight of the
fluid,
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5. An aircraft hydraulic fluid including:

(a)  from 30 to 45 weight percent, based on the total weight of the fluid,
of tri-iso-butyl phosphate;

(b)  from 30 to 45 weight percent, based on the total weight of the fluid,

of tri-n-butyl phosphate;
(c)  from 10 to 15 weight percent, based on the total weight of the fluid,

of one or more triaryl phosphates;
(d)  an effective amount of a viscosity index improver;
(e)  an effective amount of acid control additive; and

(f) an effective amount of an erosion inhibitor.

B. The aircraft hydraulic fluid of claim 5, wherein the amount of tri-iso-buty!
phosphate ranges from 30 to 40 weight percent, and the amount of tri-n-butyl
phosphate ranges from 35 to 45 weight percent, based on the total weight of the

fluid,
7. The aircraft hydraulic fluid of claim 5 wherein the fluid further includes:

(g)  an effective amount of a rust inhibitor or @ mixture of rust inhibitors;
and

(h)  an effective amount of an antioxidant or a mixture of antioxidants.

8. An aircraft hydrauiic fluid including:

(@)  from 30 to 45 weight percent, based on the total weight of the fluid,
of tri-iso-butyl phosphate;

(b)  from 30 to 45 weight percent, based on the total weight of the fluid,
of tri-n-butyl phosphate;

(c) from 12 to 16 weight percent, based on the total weight of the fluid,

of one or mare triaryl phosphates,
(d)  from 4 to 6 weight percent, based on the total weight of

AL

the fluid, of

a viscosity index improver;
(2)  from 5 o 6.5 weight oercent, based on the total welant of the finid
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109 & ()- 9:109% & ()- 109 & ()- Ki|[: W0 )10% & ()- ' 10% & ()-
810% & ()- s$ 109 & ()- " 10%W& ()- !:10% & ()-RY|[:vU410 @ 10% & ()-
%00/:/6&&(5) 010% & ()- /10% & ()- 9-10% & ()- +10% & ()- #y|[:vUAl0 @
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of the base stock, and the amount of tri-n-butyl phosphate ranges from 35 to 50

weight percent based on the total weight of the base stock.

11.  The phosphate ester base stock of Claim 10, wherein the amount of
tri-iso-butyl phosphate ranges from 35 to 45 weight percent based on the total weight
of the base stock.

12. A phosphate ester base stock for use in aircraft hydraulic fluids

comprising:

(2) from 35 to 50 weight percent, based on the total weight of thé base
stock, of tri-iso-butyt phosphate;

(b)  from 35 to 50 weight percent, based on the total weight of the base
stock, of tri-n-butyl phosphate; and

(¢)  from 12 to 16 weight percent, based on the total weight of the base

stock, of one or more triaryl phosphates,

13.  The phosphate ester base stock of Claim 12, wherein the amount of
tri-iso-butyl phosphate ranges from 30 to 45 weight percent, and the amount of tri-n-
butyl phosphate ranges from 40 to 50 weight percent based on the total weight of the

base stoek.

14.  The phosphate ester base stock of Claim 12 comprising from 36 to 44
weight percent, based on the weight of the bass stock, of wi-iso-butyl phosphate.
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15.  The phosphate ester base stock of Claim 14 comprising from 42 to 48
weight percent, based on the weight of the base stock, of tri-n-butyl phosphate.

16.  The phosphate ester base stock of Claim 15 comprising from 13 to 15
weight percent, based on the weight of the base stock, of one ormore triary!
phosphates.

17.  An aircraft hydraulic fluid comprising;

(a) from 30 to 45 weight percent, based on the total weight of the fluid, of
txi*i.sa-butyi phosphate;

(b) from 30 to 45 weight percent, based on_ the total weight of the fluid, of
tri-n-buty! phosphate;

(c) from 10 to 15 weight percent, based on the total weight of the flnid, of
one or more triaryl phosphates;

(d)  from 4 to 6 weight percent, based on the total weight of the fluid, of a
viscosity index improver,;

(e) from 5 to 6.5 weight percent, based on the total weight of the fluid, of
an acid control additive;

(  from 0.05 to 0.1 weight percent, based on the total weight of the fluid,
of an erosion inhibitor;

(2) from 0.005 to 0.5 weight percent, based on the total weight of the
fluid, of a rust inhibitor or a mixture of rust inhibitors; and

(h)  from 0.5 to 2.5 weight percent, based on the total weight of the fluid,

of an antioxidant or a mixture of antioxidants.

18.  The aircraft hydraulic fluid of Claim 17, wherein the amount of tri-
iso-butyl phosphate ranges from 30 1o 40 weight percent, and the amount of tri-n-
butyl phosphate ranges from 35 to 45 weight percsnt, based on the total weight of

the faid.



