
;=>?@e3eyrrs\uLuNy6yTyl t i eP~ tom   PHOSPHATE ESTER BASE STOCKS AND
AIRCRAFT HYDRAULIC FLUIDS COMPRISING THE SAME Background of the Invention
'I. Field of the Invention 5 This invention relates to phosphate ester base
stock compositions having a novel combination of phosphate ester components
and to aircraft hydraulic fluid compositions comprising such base stocks.
2) State of the Art Hydraulic fluids used in the hydraulic systems of
aircraft must meet 10 exacting specifications set by aircraft
manufacturers. Accordingly, the components of aircraft hydraulic fluids are
carefully chosen to balance, among other properties, stability,
compatibility, density, toxicity and the Pike. Whether the selected
components can, in fact, be balanced to meet these specifications is
unpredictable. Moreover, the amounts of individual components used in 7 5
compositions which meet the specifications is not a priori predictable. It
has now been discovered that a p combination of phosphate ester components
employed in the base stock of aircraft hydraulic fluid compositions
provides surprising and unexpected properties. Specifically, it has been
found that by selecting particular ratios of the tri-iso-butyl and
tri-n-butyl 20 phosphate ester components of the fluid, an unexpected and
surprising balance of combined properties critical to aviation hydraulic
oils is obtained, including acceptable hydrolytic stability, high flash
point, good anti-wear properties, acceptable erosion protection, acceptable
low temperature flow properties (viscosity), and elastomer cornpatibility.
25 Summary of the Invention This invention is directed to phosphate ester
base stock compositions and aircraft hydraulic fluid compositions
containing a basestock having a novel combination of phosphate ester
components. Accordingly, in one of its composition aspects, the present
invention is 30 directed to 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 i   ~ 1 IaPft 2(303 2 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, preferably
from 3a to 40 weight percent, based on the total weight of the fluid. 5 In
another of its composition aspects, the present invention is directed to 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-butyl
phosphate; an effective amount 10 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, preferably from 30 to 40 weight percent,
based on the total weight of the fluid. ' In still another of its
composition aspects, the present invention is directed 15 to an aircraft
hydraulic fluid composition including: (a) from 30 to 45 weight percent)
based on 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 (f) 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: (a) 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
total weight of the fluid, 30 of trim-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;   2 ~ AFB 2aa,~ 3 {e) an effective amount of acid control
additive; and (f} an effective amount of an erosion inhibitor. !n a
preferred embodiment, the above aircraft hydraulic fluids further include:
5 (g} an effective amount of a rust inhibitor or a mixture of rust
inhibitors; and (h) an effective amount of an antioxidant or a mixture of
antioxidants. 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 mixture 10 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; wherein the amount of tri-iso-butyl phosphate ranges from 35 to 50
weight percent, preferably from 35 to 45 weight percent, based on the total
weight of the base stock. 15 In another of its composition aspects, this
invention is directed to a phosphate ester base stock for use in aircraft
hydraulic fluids including from 5 to 16 weight percent, based on the total
weight of the base stock, of one or more triaryl phosphates, the remainder
of the base stock including a mixture of tri-iso butyl phosphate 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 far use in aircraft hydraulic fluids including: {a) from 35 to
50 weight percent) 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 phosphate; and (c) from 6 to
16 weight percent, based on the total weight of the base stack, 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 phosphate; 



1 pPf~ 20g1 4 (b) from 40 to 5D weight percent) based on the total weight
of the base stock, of tri-n-butyl phosphate; and (c) from 12 to 16 weight
percent, based on the total weight of the base stock) of one or more
triaryl phosphates. 5 Preferably, the phosphate ester base stock includes
from 36 to 44 weight percent of tri-iso-butyl phosphate; from 42 to 48
weight percent of tri-n-butyl phosphate; and from 13 to 15 weight percent
of one or more 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 micro mho/cm) versus potassium content (in ppm) for the
erosion inhibitor FC-98 in TBP, TIBP and mixed TBP~IBP solutions. FIG. 2
shows a graph of conductivity at 20 DEG C. (in micro mho/cm} versus
potassium content (in ppm) for the erosion inhibitor FC-95 in TBP, TIBP 15
and mixed TBPrTIBP solutions. FIG. 3A shows a graph of conductivity at 20
C. (in micro mho/cm} versus percent TIBP for mixed TBP/TIBP solutions
containing the erosion inhibitors FC95 and FC-98. FIG. 3B shows a graph of
specific gravity {25 C./25 C.} versus percent 20 TIBP for mixed TBP/TIBP
solutions containing the erosion inhibitors FC-95 and FC-98. FIG. 4A shows
a graph of wear scar (in mm) {by ASTM D4172 Four Ball Wear Test) versus
percent TIBP for mixed TBP/TIBP solutions. FIG. 4B shows a graph of percent
elastomer swell versus percent TIBP for 25 mixed TBP/TIBP solutions. FIG. 5
shows a graph of active acid receptor (in weight percent} versus hours at
250 F. for fully formulated aviation hydraulic fluids containing 0.5%
water. 30   i ~~r~ zoos -5 DETAILED DESCRIPTION OF THE INVENTION This
invention is directed to novel phosphate ester base stock compositions and
to aircraft hydraulic fluid compositions containing such base stocks. The
compositions described herein are conventionally prepared by blending the
components of the composition together until homogeneous. The blending
process may be conducted as a single step process where a11 of the
components are combined and then blended or may be conducted as a
mufti-step process where two or more of the components are combined and
blended and additional components are added to the blended mixture and the
resulting mixture further blended. Preferably, the erosion inhibitor (and
optionally the antioxidants that are normally solids) is preblended with at
least one of the phosphate ester base stock components [preferably either
the TIBP (tri-iso-butyl phosphate) or TBP (tri-n-butyl phosphatc), alone or
in admixture] to ensure complete dissolution of the erosion inhibitor
before addition to the preblend of the remaining additives and phosphate
ester components. The phrase "the base stock cornposition produces no more
than 2,5% elastomer seal swell'' means that under industry standard test,
such as fits-1613 



21 APR 2003 or D6-314, where a qualified ethylene-propylene elastomer
compound is immersed in the aircraft hydraulic fluid and aged for 334 hours
at 225F (107,2C), elastomer seal swell does not exceed 25%. The term
"alkyl" as used herein refers to a monovalent branched or unbranched
saturated hydrocarbon group preferably having from 1 to 12 carbon atoms,
more preferably 1 to 8 carbon atoms and still more preferably I to 6 carbon
atoms. This term is exemplified by groups such as methyl, ethyl, n-propyl,
isopropyl, n-butyl, isobutyl, tert-butyl, n-hexyl, n-octyl, tert-octyl,
triisopropyl (C9), tetraisopropyl (C12), and the like. "Cycloalky" refers
to cyclic alkyl groups of from 3 to 10 carbon atoms having a single cyclic
ring or multiple condensed rings which can be optionally substituted with
from 1 to 3 alkyl groups Such cycloalkyl group include, by way of example,
cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cyclooctyl,
1-mekhylcyclopropyl, 2-methylcyclopentyl, 2-methylcyclooctyl. "Aryl" refers
to en unsaturated aromatic carbocyclic group of from 6 to 14 carbon atoms
haring a single ring (e.g_, phenyl) or multiple condensed rings (e.g.,
naphthyl). Such aryl groups may be unsubstituted, such as phenyl, naphthyl
and the like, or may be substituted with, far example, one or more alkyl
groups and preferably 1-2 alkyl groups, including such alkyl aryl groups
such as 4-isopropylphenyi, 4-reri-butylphenyl, 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 s sufficient amount of one or more
triaryl phosphates such that the base stock composition produces no more
than 2S% elastomer seal swell.   ~ 1 I~PR 2003 Preferably, phosphate ester
base stock composition of this invention comprises from 5 to 16, more
preferably from 10 to 16, and still more preferably from 12 to 15 weight
percent, based on the total weight of the base stock, of one or more
triaryl phosphates, the remainder comprising a mixture of tri-iso-bcriyl
phosphate and tri-n-butyl phosphate. More preferably, phosphate ester base
stock composition of this invention comprises from 35 to 50 weight percent,
more preferably from 35 to 45 weight percent, based on the tote! weight of
the base stock, of tri-iso-butyl phosphate; from 35 to 50 weight percent,
more preferably from 40 to 50 weight percent, based on the total weight of
the base stock, of tri-n-butyl phosphate; and from 6 to 16 weight percent,
more preferably from 12 to 15 weight percent, based on the total weight of
the base stock, of one or more triaryl phosphates. Still more preferably,
the phosphate ester base stock comprises from 36 to 4-4 weight percent,
more preferably 39 to 43 weight percent, even more preferably from 40 to 41
weight percent, of triiso-butyl phosphate; from 42 to 48 weight percent,
preferably 44 to 43 weight percent, more preferably from 45 to 46 weight
percent, of tri-n-butyl phosphate; and from 12 to 1 G weight percent, more
preferably from 13.5 to 14.5 weight percent, of one flr more triaryl
phosphates, based on the total weight of the base stock. Preferably, the
phosphate ester base stocks of this invention do not contain any triethyl
phosphate. The phosphate ester base stock compositions of this invention
may be 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   21 APR 200;i weight percent, based on the total weight of
the hydraulic fluid, of one or more triaryl phosphates, the remainder
comprising a mixture of tri-iso-butyl phosphate and tri-n-butyl phosphate.
More preferably, the hydraulic fluid composition will comprise from 30 to
45 weight percent, more preferably from 3Q to 40 ;weight percent, based on
the total weight of the fluid, of tri-iso-butyl phosphate; from 3Q to 45
weight percent, more preferably from 35 to 45 weight percent, based on the
total weight of the fluid) of trin-butyl phosphate; and from 10 to 15
weight percent; based on the total weight of the fluid, of one or more
triaryl phosphates. Preferably, the hydraulic fluid comprises from 34 to 38
weight percent, more preferably from 35 to 36 weight percent, of
triiso-butyl phosphate; from 3 S to 42 weight percent, more preferably from
39.5 to 40.5 weight percent, of tri-n-butyl phosphate; and from 10 to I4
weight percent, mere preferably from 1 I .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 invention can be prepared using well-known procedures and reagents or
are available commercially from, for example, Ako/Nobel, Bayer, and FMC.
The triaryl phosphates) employed an 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 is a
tri(alkylated) aryl phosphate, such as tri(isopropylphenyl) phosphate,
tn(ierlbutylphenyl) phosphate, tricresyl phosphate and the like. Mixtures
of triaryl phosphate can be used in this in invention.   ~ ~ ~Prt zoo3 A
viscosity index (VI) improver is typically employed in the hydraulic fluid
compositions of this invention in an amount effective to reduce the effect
of temperature on the viscosity of the aircraft hydraulic fluid. Examples
of suitable VT improvers are disclosed, for example, in U.S. Patent No.
5,464,551 and U.S. Patent No. 3,7I8,596, the entire disclosures of which
are incorporated herein by reference in their entirety. Preferred VI
improvers include poly(alkyl acrylate) and poly(alkyl methacrylate) esters
of the type disclosed in U.S. Patent No. 3,718,596, and which are
commercially available from Rohm   Haas, Philadelphia, PA and others. Such
esters typically have a weight average molecular weight range of from
50,000 to I,500,000 and preferably from 54,400 to 250,000. Preferred VI
improvers include those having a molecular weight peak at 70,000 to 100,000
(e.g., 85,00D 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. S,464,551; U.S. Patent no. 3,723,32D and
U.S. Patent No. 4,206,067, the disclosures of which are incorporated herein
in their entirety. Preferred acid control additives have the formula: 



10 O R1 ~ 1 APR 2003 wherein R1 is selected from the group consisting of
alkyl of from 1 to 10 carbon atoms, substituted alkyl of from 1 to 10
carbon atoms and from 1 to 4 ether oxygen atoms and cycloalkyl of from 3 to
10 carbon atoms; each R2 is independently selected from the group
consisting of hydrogen) alkyl of from 1 to 10 carbon atoms and -C(O)ORS
where R3 is selected from the group consisting of alkyl of from 1 to 10
carbon atoms, substituted alkyl of from I to I O carbon atoms and from 1 to
4 ether oxygen atoms and cycloalkyl of from 3 to 1 O carbon atoms.
Particularly preferred acid control additives of the above formula are the
monoepoxide, ?-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
?-oxa bicycIo[4.1.0)-heptane-3,4-dicarboxylic acid, dialkyl esters (e.g.,
the di-isobutyl ester). The arid ant: of additive is employed in an amount
effective to scavenger the acid generated, typically as partial esters of
phosphoric acid, daring operation of the power transmission mechanisms of
an aircraft. Preferably, the acid control additive is employed in an amount
ranging from .4 to I O weight percent, based on the total weight of the
hydraulic (laid composition, and anon preferably from 4 to 8 weight percent
and still more preferably from 5 to 6.5 weight percent    The hydraulic
fluid composition of this invention also typically comprise an erosion
inhibitor in an amount effective to inhibit flow-induced electrochemical
corrosion. Suitable erosion inhibitors are disclosed, for example, in U.S.
Patent No. 5,464,551 and U.S Patent No. 3,679,587, the entire disclosure of
which are incorporated herein by reference in thier entirety. Preferred
erosion inhibitors  include the alkali metal salts, and preferably the
potassium salt, of a perfluoroalkyl or perfluorocycloalkyl sulfonate as
disclosed in U.S. Patent No. 3,679,587. Such -nus . . .ajqrz~trts
~s~uauodcuoa s~t3o ~uir .to pzn~ otIrrpap~r~ a~.~o uot~pnco ~tqi~ttt o~
ant~a~a ~urtvu~ tre ut s~u~prxoyus ~o a~n~:~uc (~o ~wepsxot~u>; me asudu:oa
iat.pm~ uor~uanut sttp~o suoqtsodu.too py~ otjt~lpl~ ate `~uatutpoqwa
paita~aid a u~ pasn aq treo s~ua~s uotsora-~ut3 yons~o sastuxrYlI ~uaosad
~q~t2n1 yp o$ Sp-Q tuo.g ~C~q~a~a~d asout pus uoqtsadu.~oo pink
ot~rtE.tpr~t~ a~ ~o lt~sann p~o~ aep uo paseq ~uaarad ~~tarr. S yp o~ ~p~p
uio~ ~o Zunotua ut: ut pa~Coidusa st `~ttqvaa~,a~d `ptre ~ao~t8 ut? ~o
swstuet[oaui uotsstwsue~. sannod aqi m uotsora ~tqatiu~ o~ anr~aa,~a
~ur~ou.~ ue ut pa~Coidwo si io~~q~t~ut uotsosa at.~y 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 describe 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-
oxidants, such as 2,6-di-tert-butyl-p-cresol (commonly known asbutylated
hydroxy toluene or BHT),
tetrakis[methylene(3,5-di-tert-butyl-4-hydroxyhydrocinnamate)] methane
(Irganox 1010 from Ciba geigy) and the like;    12 1 AwR 200;i amine
antioxidants including, by way of example, diarylamines, such as octylated
diphenyl amine (Vanlube 81 from R. T. Vanderbuilt),
phenyl-flr,-nephthylamine, alkylphenyI-re-naphthylamine, or the reaction
product ofN-phenylbenzylamine with 2,4,4-trimethylpentene (Irganox L-S7
from Ciba Geigy), diphenylamirre, ditolylamine, phenyl tolyamine,
4,4'-diaminodiphenylamine) di-pmethoxydiphemrlamine, or
4-cyclahexylaminodipheryylamine. Still other suitable antioxidants include
aminophenols such as N-butylaminophenot, N-methyl-Nanrylaminophenol and
N-isooctyl-p-aminophenol as well as mixtures of any such antioxidants. A
preferred mixture of antioxidants comprises 2,6-di-tert-butyl-p-cresol and
di(octylphenyl)arnine (e.g., a 1:I mixture). Another preferred mixture of
antioxidants is 2,6-di-tert-butyl-p-cresol, di(actylpherryl)amine and
6-methyl-2,4-bis [(octylthio)-methyl]-phenol (e.g., a 1:2:4 mixture). Still
another preferred mixture of antioxidants is 2,6-di-lert-butyl-p-cresol,
di(octylphenyj)amine and tetrakis (methylene)(3,5-di-iert
butyl-4-hydroxyhydrocinnamate)]methane (e.g., a 1:2:3 mixture). The
antioxidant or mixture of antioxidants is employed in an amount effec tare
to inhibit oxidation of the hydraulic fluid. Preferably, the antioxidant or
mixture of antioxidants is employed in an amount ranging from 0.5 to 3
weight percent, more a preferably from 0.5 to 2.5 weight percent and still
mare preferably at from I to 2 weight percent based on the total weight of
the hydraulic fluid composition In another preferred embodiment, the
hydraulic fluid compositions of this in invention further comprise a rust
inhibitor or a mixture of rust inhibitors in an amount effective to reduce
the formation of rust or corrosion on metal surfaces exposed to the
hydraulic fluid. Suitable rust inhibitors ire described in U.S Patent No
5,464,551 the entire disclosure of 'which is incorporated herein by   ~ 1
APR 200;i reference in its entirety, and other aircraft hydraulic is fluid
patents and publications Representative rust inhibitors include, by way of
example calcium dinotzylnaphthalene sulfonate, a Group I or Group lI metal
overbased and/or sulfurized phenate, a compound of the formula: 



R`tN[CHZCH(RS)OH]Z wherein R4 is selected from the group consisting of
alkyl of from 1 to 40 carbon atoms) -COOR6 and -C~i2CH2N[CHsCH{Rs)OH]z
r~rhere R6 is alkyl of from 1 to 40 carbon atoms, and each Rs is
independently rejected from the group consisting of hydrogen and methyl,
including N,N,N',N'-tetralds(2-hydroxyprop~rl) ethylene diamine and
NCI-bis(2-hydroxyethyl)tallowamine (e_g., N tallow amine alkyl-2,2'
iminoabisethanol, sold under the tradename Ethomee~n T/12). The Group I and
Group II metal overbased and/or sulfurized phenates prefer ably are either
sulfurized Group I or Group II metal phenates {without CO= added) having a
Total Base Number (TBN~ of from greater than 0 to about 200 or a Group I or
Group II metal overbased sulfurized phenate having a TBN of from 75 to 400
prepared by the addition of carbon dioxide during the preparation of the
phenate. More 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 B metal overbased sulfurized phenates are commercially
available from Chevron Chemical Company, fan Ramon California under the
tradename OL~3r~~ including, OL,O.~ 21~, C3LOt~ 215e and the like and are
desc,rribed by Cpbell, `~.~. ~'atent ~`do. ~~ ~ ~~~ ~ ~, ~'1d'~7~
M~^~11'~Itc~Tl, ~.~. ~~En~r ~~~. ~9~~0,~   14 ~ ~~r~ loop Likewise,
N,N,N,N-tefrakis(2-hydroxy-propyl)etahylenedianZine is disclosed by
Mackinnon U.S. Patent No. 4,3Z4,674. The disclosures of each of these
patents are incorporated herein by reference in their entirety. Group I or
II metal dinontyl naphthalene sulfonates, such as calcium
dinonylrraphthalene sulfonate and Na-Su1 (a proprietary mark of King
Industries) 729 commercially available from King Industries, may also be
used as a rust inhibitor in the hydraulic fluid composition in an amount
ranging tom 0.2 to I.0 weight percent of the hydraulic fluid composition.
The rust inhibitor or mixture of rust inhibitors is employed in an amount
effective to inhibit the formation of rust. Preferably, the rust inhibitor
is employed in an amount ranging from 0.001 to I weight percent; more
preferably 0.005 to 0.5 weight percent, and still more preferably at 0.01
to 0. D 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)ethylenediamine and a Group
iI metal overbased phenate (e.g., a 5:1 mixture)_ In another preferred
embodiment, the rust inhibitor comprises a mixture of N,N
bis(2hydroxyethyl)tallowamine (Ethomeen TIl ~.) and a Group II metal
overbased phenate (e.g., a 5:1 mixture). The hydraulic fluid compositions
of this invention ran optionally contain further additives such as copper
corrosion inhibitors, anti-flaming agents, dyes, etc. Such additives are,
well-known in the art and are commercially available. U The phosphate ester
base fluids of this invention are useful for preparing aircraft hydraulic
fluids and the like. a he aircraft hydraulic fluid compositions described
herein are useful in aircraft where the operate as as a power transmission
medium The components of these phosphate ester base stock and aircaft
hydraulic fluid composition interact synergistically and the selection of
the raga   



IS l 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 balance of
combined properties critical to aviation hydraulic oils, including
acceptable hydrolytic stability, high flash point, good antiwear
properties, acceptable erosion protection, acceptable low temperature flow
properties (viscosity), and elastomer cornpatibilit~r. EXAMPLES Example 1
Formulations of the Invention The following are examples of formulations of
this invention. In these examples, all percents are percents by weight
based on the total weight of the composition. Formulation Examples A-D can
be prepared by blending the following components: Ex. AEx. BEx.
CEx.DTiBP35.7%34.0/n37.2%36.2%TBP39.9%41.8%38.2%39.5/aTrialkyl Aryl32.1%l
I.9%12.3%11.8%VI Improver5%5.1%4.9%5.2%Acid Control
Additive3.7%5.6%5.8%5.7%Erosion Inhibitor0.07%0.05%0.06%0.05%Rust
Inhibitor0.0I%0.03%0.02%0.03%AntioxidantI,5%15%I.3/92%dust Control
Additive0.D5% 0.0S%0.07%a-Dyes0.0014%0.0014%0.'04D%0.00D%Antifoaming Agents
0.00I%0.001%0.001% 0.001% f   16 Example 2 ~ 1 APR 2003 Effect TIBP
Concentration on Conductivity of Trialkyl Phosphate Blends Containing
Potassium Perfluoroalkyl Sulfonate Erosion Control Additives Conductivity
provided by erosion control additives, in absence of other ionic species in
a phosphate ester blend) may be used as an indicator of the effectiveness
of an additive designed to control electrochemical erosion. Compositions
were prepared using FC-95 and F-98 (proprietary marks of the 3M Company
with TBP and T1BP trialkyl phosphate ester base stocks. These compositions
were tested for conductivity and the results ors shown in Tables 1 and 2
(and graphically in Figures 1 and 2). Table I Conductivity Effect of
Erosion Inhibitor FC-98 (micro mho/cm at 2aC) Potassium
m)FC-98IfB)PFC-98~LBPFC-98IMixedl34.401.0152.003
.2665_901.4935_40D.4353.100.5468.800.5434.800.6951.140.8656.30I.~DO    



Tabl a 2 Conductivity Effect ofErosion Inhibitor FC-95 (micro mholcm at
20C) 1 A~'f~ 2000 Potassium t mlce-95~BPFC-95fiTBPleC-95lNfixedl3
2.200.7248.500.9063.101.0734.600.3252.700.406s_soa.4733.840.5047.400.S266.7
00.?5 s 50 wt% TBPl50 wtto T;~P. The erosion control additives provide
higher conductivity as the concentration of TIBP in a TIBf blend with TBP
is reduced. Higher conductivity is desirable f9r better electrochemical
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 lower density phosphate ester aviation
3rydraulic oil ~,vould f 11 aircraft hydraulic oil systems with lesser
total fluid weight, a feature appreciated by aircraft operators. Specific
Gravities of'fEP and TJ~P are Q.975 and t7.9, Cbt ieSpOndingly (at the
eoncentrations used, the specific gr~.rity irnpaot of tire erosion
inhibitor is minimal). '~abw 3 and Fa~.:res 3:~ ~n.d 3~ ~.o~>v the b~lanc
of ~.~.ese fi~ro pTOpyrsies :~ a ~.1~.411a~:~I ~0 p~r~ ~er~si~.~:n
~,~a'a'~~eai'3i. ~~a"'~y~:'::~;T~l~7s~'o yr .`ip~a~~ 3i3d ~~ 73. b   ~a ~ 1
APR 1U03 In both cases the optimum balance between conductivity and speck
gravity is shown to reside ax roughly equal concentrations of TIBP and TBP.
Table 3 Trade-OffEetween Conductivity and Specific Gra~rity
Percent'I~PFC-95FC-98S Crr00.390.520.97S500.640.851000.921.230.964 Example
3 Effect of T1BP Concentration on Lubricitv and Elastomer Swell ~.mong
properties critical to aviation hydraulic oilsy it is important to
simultaneously meet good lunricirf .and low elastomer swell (rings aged in
phosphate ester lubricant). Testing on compositions shown in Table 4lFigure
4 indicate that the concentration of TIBP in the trialkyl phosphate
composition tends to 



affect both properties! increased concentration of TIBP deteriorates
lubricity as measured by ASTM D 4172 Four-$a11 Near test (measurement of
wear scare diameter after 1 hour rotation ~nf steel balls at 7~C, I200
revolutions per minute, and 40 Icg applied load) while improving (reducing)
swell of qualified ethylenepropylene rubber o-rings exposed to the
lubricant compositions (334 hours at 225g (107.2QC)~. Figures 4A and 4$
show that approximately equal concentration of TAP and T)-s3f, i.e., rati9s
of about 3:2 to 2.:3 or ab4ut 4Q wt~o t about ~t7 wt% T IMP in ('~$P u-
TIEP), pro,,~de a desirabld bal~r3ce bet~vemn ~r~yar performance end se<al
s'~eil pe~'c~~ance.   19 Table 4 Effect ofIn'fIBP in TTBP~IBP Base Stocks
on Elastomer Swell and 4-Ball Wear Test Scar Diameter 21 laPf~ 2003 Blend
NumberComponent82238224822582268227TBP806040207.5TIBP020406072.5Tri 1 ho h
ate151 SI S1515%VI Im rover Active In edientS. 5555% TiBP in P
+TI$P025507591Test Results4-Ball Wear Scar mm0.80.840.90.944.98Elastomer
Swell 334 hrs122523.32l.420.919.718.2 Example 4 Effect of TIBP
Concentration on Hydrolytic Stability. Flash Point, and Low Temperature
Viscousity Table 5 (and Figure 5) compare compositions with a9! ingredients
Necessary to meet the aviation hydraulic oil specifications imposed by such
aircraft manufacturers as Airbus, Boeing, and Mcdonell/Douglas Composition
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 good stow properties expressed by a
snaxirs~.um aIlo~aed lcinernatiL viscosity of 2000 cS't aJt -S4 deg C. It
can be observed that compositions very rir..h in ~P ~arou~d ~e~o
~Pl('l~P-~-'t~~)) pry ver~~ class ~ bar fiasn ldi~S~~ 6~.i~id ~GJ~
~i3t~~1',~L~y ~~~Sii~~a~~r ~Js:ab~~i~~ ~'~eSl~i.J ~rid'ITIr(~ui~ fib a  



20 ~ ~ a~~r~ ~ua:~ very hard to manufacture given the variability in
properties of raw materials used in manufacturing andtesting variability in
a commercial plant laboratory, A su~cient clashion for manufacturing can be
obtained by r~rictirrg the r~atia of '1'~BPI(TBP+TIBP) to about S~% or
less. Qoing to very low concentrations of'1THP in the a~riation hydraulic
fluid would make adherence to aircraft manufacturer specifications easier,
though compositions would come dvith a weight penalty, as mentioned
earlier. Hydrolysis is the main mechanism by which phosphate ester
hydraulic oils degrade in aircraft systems. I~gh concentration of water is
commonly encountered in aircraft systems. Rate of reaction with water
(hydsalysis which forms acidic species) ultimately sets the Life of the
lubric~t 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 5 Effect of TIBP Concentration on
Hydrolytic Stability, Flash Point and Low Temperature '~liscosity onent
ComBlend Numberp8117$318TIBP %)5.9834.48Dura.d ll0i '%I0.5Reolube 140'
(%1~TBP l015.23 0.7TEP %1.5P~ 75702 40% active, r:,st TBP %)12.5I2.5bionoe
oxides %5.75.7ar~a.~~ox~ ltJl~ %i.75t.75'~I~.lube~ 81 %~ ~.50.5   21 r 1
APR 2003 onent ComBlend I`dwnberp81178l18BHT %(1.250.25Eihorneen Tl12
(%0.050.05a %0.00140.0014DC 2004 Antifoam %0.0014.0D IFC-98s %0.060.06OLOA~
216Q %0.0I0.01TiBPI P + TBIp %- 68.647.4'test ResultsElastomer Swell 70
hours at 70 d C11.581 t.54FIash Point de Cl6017IS ecific Gra - 25I25 de
C0.9940.996Viscosi at -54 de C cSt19651816Active Acid Receptor Content (Oil
at 0.5% water, hours 'n at 2S0 de
FHours00.333U.335480.29U.278950.2530.1981440.1321920.0810.0532400.0230.038
s Proprietary mark of an isopropylated triphenyl phosphate fr~rn FIvIC.
Prs~prietarzy ~axk of a pvl;ra;,kyl rseta';acrylate '~ amprov~r ~m Rohm
arid Hess. 3 7~I7x~bi~fslo[4.1.0lheptane-3~carbo:rylic acid, 2~thylhe~rl
~ster. '~ ~ilic.~r~e from DorN Corning. s P39v~et~~ mask flf a
per~uoroallc~i s~lfante from ~e 3~1 ~'o~p~y.   22 71 A~fv 1003 



Table 6 addresses the option of eliminating triethyl phosphate (TEp) to
impmve flesh point. It oan be observed that wen though a margin of safely
is adding to the fluids ability to meet flash point, this results in a
significantly debit in lcine~natic vi~osity at-54 deg C. `fable g Z:lash
Point and I,ow Temperature Viscosity ~~ects -. ComponentBlend
Number814881S08149TI13P %5I.9834.4834.48Durad~ I10' %30.5Reolube~ 140'
%1212TBP %16.230.730.7TEP %1.5PA 75702 40% active in TSP)
%12.512.512.5Monoe oxide3 %)S.75.75.7Ir anox 10I0 /0.7S0.7S0.75Vaniube~ 81
/00.50.50.5B~1T %0.250.250.25l;thofneen~ T/12 /)0.0S0.050.0Sa
%)d.00140.00I40.00I4nc 2004 Antifoam %a.ool0.001o.aolFC-98
/a)s0.060.060.06OLOA~ 21 bQ %)0.01a.010.01fTi3Pl P + TIBP
(%68.547.447.7Test ResultsFlash Point de C1501b2I69   23 ~ ~ ~Prt Zoos
Component Hlerzd Number 8148 8I50 8149 Yiscosi at -54 de C cSt 1954 2425
I?60 1 Proprietary mark of an isopropylated triphenyt phosphate ~ FbiC. x
Proprietary mark a polyalkyl methacrylate VI improver from Rohm and Hass. 3
7~Oxabicyclo[i.1.0]heptane-3-c~rboxyli6 acid, 2~thylhex~l . d SiliGOne from
Dow ~o~ing. s Proprietary mark of a perlluoroalkyl sulfonate from 3\ii
Cosnp~y.   24 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-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. 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-butyl 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 filuid, 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 ~0 weight percent, based on the total weight of the
fluid.   Z 1 ~P~t 2003 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. 6. The aircraft hydraulic fluid of claim 5)
wherein the amount of tri-iso-butyl phosphate ranges from 30 ko 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 a mixture of rust inhibitors; and
(h) an effective amount of an antioxidant or a mixture of antioxidants. 8.
An aircraft hydraulic fluid including: (a) from 30 to 45 weight percent,
based on the total weight of fihe fluid, of tri-i5o-butyl phosphate; (b)
from 30 to 45 weight percent, based on the total uveight of the fluid) of
tri-n-butyl phosphate; (c) from 12 to 16 weight percent, based on the total
weight of the filuid, of one or more triaryi phosphates; (d) from 4 to 6
weight percent, based on the total weight of the fluid, of a ~~~iacosiiy
index ~mprovar; '~I n'1 ~ i0 ~.~ ',fyC?I~,^,~i~lr DC.'rCGni, b~SL,Cs Gn the
iC7'~ai 'd',I~ini'lt C~i ih~ sly girl   26 1 ~pR 20D3 (f) from 0.G5 to 0.1
weight percent, based on the total weight of the filuid, of an erosion
inhibitor; (g} 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 th fluid, of
an antioxidant or a mixture of antioxidants. 9. The aircraft hydraulic
fluid of claim 8, wherein the amount of tri~isobutyl 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.  



,27 19. t1 phosphate ester base stock for use in aircraft hydraulic fluids
comprising from 5 to 16 weight percent, based on the total weight of the
base stock, of one or more triaryl phosphates, the remainder of the base
stuck comprising a mixture of tri-iso-bury! phosphate and tri-n-butyl
pk~asphate;; dvherein the amount of tri-i~o-butyl phosphate ranges from 35
to 54 weight percent based on the total weight of the base stocl~ and the
amount of tri-n-butyl phsphate ranges from 35 to 50 weight percent based on
the total weight of the base stock. 1 I. The phosphate ester base stock of
Claim i0, wherein the amount o tri-iso-butyl phosphate ranges from 35 to 45
weight percent based on the total weight ofthe base stock. I2. A phosphate
ester base stock for use in aircraft hydrae~lic fluids comprising: (a) from
35 to 50 weight percent, based on the total weight of the base stock,
oftri-iso-butyl phosphate; (b} from 35 to 50 weight percent, based on the
total weight of the base stock, of trin-butyl phosphate; and (c) from 12 to
15 weight percent, based on the total weight of the base stock, of cne or
:yore ~:aryZ phDSphatvs. 13. The phosphate ester base stock of Claim 12,
wherein the amount of tri-iso-butyl phosphate ranges from 30 to 4S weight
percent, and the amount of tri-n butyl phosphate ranges From 40 to 54
weight percent basdd on the total weight of the 'base stock. 1'~. The
phosphate ester bass stock of Claim I2 cr~rr~prising from 36 to ~ wei~t
perl;nnt, bawd on the v~retgi~t of the bale stock of ~.'~~r~-butyl phoaph.
1 APR 20U3 -2$ I 5. The phc~sphata ester base stock of Claim 14 cmprising
from 42 to 4S weight percent, based on the weight of the base stock, of
tri-n-h~ttyl phosphate. 16. hhe phosphate ester base stock of Claim 15
comprising from 13 to 15 weight percent, based an the weight of the bss~
stocl~, orf owe ermore triaryl phosph. 



I7. ~1n aircraft hydraulic fluid comprising: (a) from 30 to 45 weight
percent, based on the tots! weight of the fluid, of ta-i-iso-butyl
phosphate; (b) from 30 to 45 weight percetzt, based on the total weight of
the fluid, of tri-n-butyl phosphate; (c) from 10 to 15 weight percent,
based on the totat weight of the fluid, 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 impraver, (e) from 5 to 6.~ weight percent, based on the
total weight of the fluid, of an acid control additive; (f) fxom 0.05 to
0.1 weight percent, based on the Iota! weight of the fluid, of an erosion
inhibitor; (o) from 0.0D5 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. 113. T'ne aircraft hydraulic
fluid of Maim 17, vahervin the amount of tri ago-butyl phosphate ranges
from 30 to QO Freight percent, ad:d ti3e amount of tri-n i~u-tyI phosphate
zanges from 3~ to 4~ wsi~st Perc: nt, 'hosed on the total weight of si:e
:~'~aid. .As.A9.A9A`.A.A&.Ah .AE .A 2 .A. .A?.A
3.AY.AY.Al.AY.AA@.AhyR.AY.A.A.Ah .Ah.A%*.A.A.A,&.A; _.As?B:  [d45  C
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~>?>>?>>>>?>>>>?><>8>>?>?>?>>>>>>>>>>>>>???>>>>>>>>>>>>>>~~~~8?????~x||||||
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