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ABSTRACT OF THE DISCLOSURE 

Compositions which inhibit and control damage to me 
chanical members in contact with said compositions which 
comprise certain hydrocarbyl phosphate ester base stocks 
which contain a damage inhibiting amount of an ester of 
the structure 

This application is a continuation-in-part of applica 
tion Ser. No. 550,163, ?led May 16, 1966, now abandoned. 

This invention relates to functional ?uid compositions 
having an ability to inhibit and control damage to me 
chanical members in contact with said ?uid compositions, 
to functional ?uid compositions which exhibit an im 
proved tendency to resist ?uid degradation and more par 
ticularly to compositions comprising certain functional 
?uids and an additive amount, su?icient to inhibit damage, 
of an ester compound. 
Many different types of materials are utilized as func 

tional ?uids and functional ?uids are used in many differ 
ent types of applications. Thus, such ?uids have been 
used as electronic coolants, atomic reactor coolants, ditfu- ' 
sion pump ?uids, lubricants, damping ?uids, bases for 
greases, power transmission and hydraulic ?uids, heat 
transfer ?uids, heat pump ?uids, refrigeration equipment 
?uids and as ?lter mediums for air conditioning systems. 
In many of these uses there have been reports of damage 
to the ?uid during use and to mechanical members, espe 
cially metallic members, in contact with the ?uid as evi 
denced by a loss of weight of such members. Thus, damage 
had been reported in aircraft hydraulic systems, gas tur 
bine bearings, jet turbine control systems, steam turbine 
bearings and steam turbine control systems. Damage has 
been observed on such materials as glass, Te?on, Mylar, 
Plexiglas and other members constructed from materials 
other than metals. 
One particularly undesirable condition which exists dur 

ing the use of a functional ?uid and which can cause 
damage is cavitation, which canebe described as a phe 
nomenon which results in the formation and subsequent 
violent collapse of vapor-?lled bubbles in a ?uid sub 
jected to requisite pressure changes. Bubbles can be formed 
when the ?uid is at or below its bubble point pressure; 
above this pressure they collapse. Pressure changes su?i 
cient to cause cavitation can occur in several ways; for 
example, a ?uid ?owing through a restriction, such as a 
partially closed valve, can encounter at the point of high 
est velocity a pressure far lower than both the bubble 
point and the valve outlet pressures. As the bubbles reach 
a point of high pressure, a violent collapse occurs thereby 
producing shock waves which can be severe enough to 
damage mechanical members in the ?uid. As another ex 
ample, cavitation conditions can occur when a surface is 
moved through or vibrated in a relatively stagnant liquid. 
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While there are many undesirable results caused by 
damage, One important aspect of the problem of damage 
is the eifect on hydraulic systems and ?uids experiencing 
such damage. For example, the structural mechanical 
parts in a hydraulic system, such as pumps and valves, ex 
hibits a marked decrease in strength, and the geometry 
of the parts is altered. Such changes in the case of pumps 
can cause a decrease in pumping ef?ciency and in the case 
of valves can cause faulty operations, excessive leakage 
or even hazardous conditions. As a result, damage neces 
sitates premature overhaul of mechanical parts which is 
both costly and time consuming. In addition, as damage 
occurs the metal from metallic mechanical parts in con 
tact with the functional ?uid contaminates the ?uids re 
quiring premature draining of the ?uids from the sys 
tem, ?lter clogging and excessive ?lter replacement, and 
can cause a change in physical and chemical properties of 
the ?uids. Also, metal contaminates can reduce the oxida 
tive stability of a ?uid thereby adversely affecting ?uid 
performance. In addition to any effects resulting from 
contamination by metal (or other) contaminant, such 
damage to the ?uid manifests itself in numerous ways, 
among which are (a) viscosity change, (b) increase in 
acid number, (c) formation of insoluble materials, ((1) 
increased chemical reactivity and (e) discoloration. 

It is, therefore, an object of this invention to provide 
functional ?uid compositions having an ability to inhibit 
and control damage. 

It is a further object of this invention to provide func‘ 
tional ?uid compositions having an ability to inhibit and 
control damage and retain the desired properties of the 
functional ?uid used to provide such compositions. 
,Further objects will be apparent from the following 

description of the invention. 
It has now been found that damage, herein de?ned to 

include damage to a functional ?uid and to mechanical 
members in contact with said ?uid, can be effectively in 
hibited and controlled in the many functional ?uid sys 
tems described by the incorporation of an ester com 
pound into a functional ?uid, said ester compound being 
represented by the structures 

(a) 
(1) A monoester compound represented by the struc 

ture 

0 

wherein R and R1 each can be alkyl, cycloalkyl, sub 
stituted alkyl, alkenyl, substituted alkenyl, aralkyl, sub 
stituted aralkyl, aryl and substituted aryl, each contain 
ing up to 10 carbon atoms, and 

(2) Mixtures thereof; 
(b) 

(l) A di- and triester compound represented by the 
structure 

wherein m, m’, n and it’ each are whole numbers having 
the value of 0 to 1 provided that the sum of each of 
n+m and m'+n’ is 1; A is a whole number having a 
value of 1 to 2; R2 and R4 each can be alkyl, cycloalkyl, 
substituted alky, alkenyl, substituted alkenyl, aralkyl, sub 
stituted aralkyl, aryl and substituted aryl, each contain 
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ing up to 10 carbon atoms; and R3 can be a divalent hy 
drocarbon radical and a substituted hydrocarbon radical, 
and 

(2) Mixtures thereof; 
(C) 

(1) A polyester compound represented by the struc 
ture 

wherein R5 is selected from the group consisting of hy 
drogen and alkyl, R6 and R7 are each selected from the 
group consisting of alkyl, substituted alkyl, cycloalkyl, 
aralkyl, aryl and substituted aryl, each containing up to 
10 carbon atoms, a is a whole number having a value of 0 
to 1, a’ is a whole number having a value of 0 to 1, Z is 
a whole number having a value of l to 4 and when Z 
is l a’ is O and R8 is selected from the group consisting 
of acyloxy and substituted acyloxy and when Z is 2 to 
4 a’ is l and R8 is selected from the group consisting of 
acyl and acyl substituted by a number represented by 
R6, and 

(2) Mixtures thereof; 
It is an important part of this invention that the in 

corporation of an ester compound in functional ?uids pro~ 
duces a functional ?uid composition having the ability to 
inhibit and control damage without adversely affecting 
the other properties of such ?uids such as viscosity, oxi 
dative and thermal stability, ?ash point, ?re point, auto 
genous ignition temperature, corrosion resistance in the 
presence of metal parts and lubricating qualities of the 
functional ?uid. In particular, it has been found that the 
viscosity of a base stock should not be altered materially 
by the incorporation of an additive since, in general, it 
has been found that a substantial decrease in viscosity can 
cause an increase in damage to the ?uid and mechanical 
members in contact with said ?uid. When the viscosity of 
the base stock is increased with respect to the additive 
which is incorporated into the ?uid, it has been found 
that such increase in viscosity generally gives a slight 
reduction in the actual damage which can be caused by 
a functional ?uid. Thus, it is generally preferred that the 
additive be incorporated into a base stock at a concentra 
tion such that it has no substantial effect on decreasing 
the viscosity of the base stock. 
The functional ?uids, to which an ester compound is 

added to provide the compositions of this invention, here 
inafter referred to as base stocks, include, but are not 
limited to, esters and amides of an acid of phosphorus, 
mineral oil and synthetic hydrocarbon oil base stock, hy 
drocarbyl silicates, silicones and aromatic ether and thio 
ether compounds. The concentration of an ester com 
pound in the functional ?uid is adjusted in terms of the 
particular system and the functional ?uid which is utilized 
in this system to provide functional ?uid compositions 
of this invention which contain additive amounts of an 
ester compound su?icient to inhibit and control damage 
while not adversely affecting other ?uid properties. In 
particular, it has been found that the concentration of an 
ester compound utilized should be that amount of addi 
tive which will inhibit and control damage. In particular, 
it has been found that the additive response of a partic 
ular base stock, that is, the concentration of an ester 
compound which is sufficient to inhibit and control dam 
age, varies according to the particular base stock. 

In addition, it has been found that the concentration 
of an ester compound required to inhibit and control dam 
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age sometimes varies according to different species of base 
stocks which could be classi?ed as a generic type of base 
stock. To illustrates the different additive response of 
species of a generic type base stock, it has been found 
that the additive response of a phosphate base stock will 
vary according to the type of phosphate base stock, that 
is, the concentration of an ester compound will vary ac 
cording to whether the phosphate base stock is a trialkyl 
phosphate, a triaryl phosphate, a mixed alkylaryl phos 
phate or a mixture of the above phosphate base stocks. 
Thus, for esters of an acid of phosphorus the concentra 
tion of an ester compound su?icient to inhibit and control 
damage is from about 0.30 volume percent to about 15 
volume percent, the particular concentration being that 
amount which will effectively inhibit and control damage. 
Since an ester compound is incorporated in a ?uid at levels 
suf?cient to inhibit damage and whereas ?uid properties 
can be altered by the incorporation of any foreign ele 
ment, it has generally been found that preferred additive 
concentrations of an ester compound for phosphate base 
stocks are from about 0.5 volume percent to about 9.0 
volume percent, although 15 volume percent additive con 
centration is effective and contemplated within the scope 
of this invention. It is of particular importance that the 
additive be added to the phosphate base stock at a con 
centration which is su?icient to inhibit and control dam 
age and which does not adversely affect other ?uid proper 
ties, such as lowering the ?ash and ?re points and causing 
a substantial decrease in viscosity. For amides of an acid 
of phosphorus, mineral oil and synthetic hydrocarbon oil 
base stocks, hydrocarbyl silicates, silicones and aromatic 
ether and thioether compounds, the concentration of an 
ester compound sufficient to inhibit and control damage 
is from about 0.15 volume percent to about 15 volume 
percent, the particular concentration being that amount 
which will effectively inhibit and control damage. Thus, 
it has been found that the concentration required to in 
hibit and control damage varies according to the partic 
ular base stock. The preferred additive concentration is 
from about 0.50 volume percent to about 12 volume per 
cent of an ester compound, although 0.08 volume percent 
to about 15 volume percent have been found satisfactory 
and effective to inhibit and control damage. 

Therefore, included within the present invention are 
compositions comprising a functional ?uid and a damage 
inhibiting amount of an ester compound, that is, an ester 
compound is added, in a concentration sufficient to con 
trol and inhibit damage. The functional ?uid compositions 
of this invention can be compounded in any manner 
known to those skilled in the art for the incorporation of 
an additive into a base stock as for example by adding an 
ester compound to the base stock with stirring until a 
homogeneous ?uid composition is obtained. 

Typical examples of monoester compounds represented 
by v(a) are methyl formate, ethyl formate, methyl ace 
tate, ethyl acetate, n-propyl acetate, n-butyl acetate, n 
amyl acetate, isobutyl acetate, t-butyl acetate, isoamyl 
acetate, n-octyl acetate, methyl propionate, ethyl propio 
nate, methyl n-butyrate, ethyl n-butyrate, isoamyl n-bu 
tyrate, methyl n-valerate, ethyl n-valerate, methyl isoval 
erate, isoamyl isovalerate, ethyl n-heptaylate, ethyl pelar 
gonate, methyl benzoate, butyl benzoate, decyl benzoate, 
stearyl benzoate, benzyl acetate, benzyl propionate, benzyl 
valerate and benzyl pelargonate. 

Typical examples of diester compounds which are rep 
resented by (b) can be prepared, for example, by the in 
teraction of a dicarboxylic acid ester with an alcohol, by 
the interaction of a dihydroxy compound with an acid 
and by the interaction of a hydroxy carboxylic acid with 
a mixture of monohydric alcohols and monocarboxylic 
acids. 

Typical aliphatic dicarboxylic acids where R, is alkylene 
are oxalic acid, malonic acid, succinic acid, glutaric acid, 
adipic acid, pimelic acid, suberic acid, azelaic acid, sebacic 
acid, brassylic acid and thapsic acid, and where R3 is 
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alkenylene are maleic acid, fumaric acid, glutaconic acid, 
citraconic acid, itaconic acid, ethidenemalonic acid, mesa 
conic acid, allylmalonic acid, allylsuccinic acid, teraconic 
acid, xeronic acid and cetylmalonic acid. 

It is also contemplated herein to employ dimeric and 
trimeric polycarboxylic acids to produce the di- and tri 
ester compounds represented by (b). When two like or 
unlike molecules of a polyethenoid monocarboxylic‘fatty 
acid condense to form a dicarboxylic acid, the product by 
de?nition is a‘dimer acid, or the carboxylic acid is said 
to be dimerized. In general, the dimer acids suitable for 
use in this invention are produced by the condensation of 
two like or unlike unsaturated aliphatic monocarboxylic 
acids having between about 16 and about 18 carbon atoms 
per molecule, examples of which comprise 

Asll-hexadecadienoic acid 
A9'12-heptadecadienoic acid 
A8-12-0ctadecadienoic acid 
A9»11-octadecadienoic acid 
A9J2-octadecadienoic acid (linoleic acid) 
A9'13-octadecadienoic acid 
A9’lbls-octadecatrienoic acid 
A9:12'15-octadecatrienoic acid (linolenic acid). 

Typical dihydroxy compounds which can be used to 
prepare diester compounds represented by (b) are 

ethylene glycol, 
1,2- or 1,3-propanediol, 
1,2-, 1,3-, 1,4- or 2,3-butanediol, 
1,3-, 1,4-, 1,1-, 2,3- or 2,4-pentanediol, 
2-butene-1,2-di0l, 
2-butene-1,4-diol, 
2-brorno-1,3-propanediol, 
Z-methyl-1,5-pentanediol, 
2,4-dimethyl-2,4-pentanediol, 
1,1,l-tri?uoro-2,3-butanediol, 
2,2-diethyl-1,4-butanediol, 
2-pcntene-l,5-diol, 
2-propyl-l,3-butanediol, 
2-chloro-1,5-pentanediol, 
1,4-hexanediol, 
5-methyl-1,2-hexanediol, 
2-ethyl- 1 ,3-hexanediol, 
2-tert-bntyl-3,3,4,4~tetramethyl-1,Z-pentanediol, 
4-methyl-l,4-hexanediol, 
1,6-hexanediol, 
3,3-dimethyl-1,6-hexanedio1, 
2,4-dimethyl-3-hexene-2,5-diol, 
2,3-, 2,4~, 2,5- or 3,4-hexanediol, 
1,2,3,6-hexanetetrol, 
2-heptene-l,6-diol, 
5-ethyl~3-methyl-2,4-heptanediol, 
1,2-, 1,3-, 1,4-, 1-8-, 2,4-, 2,7- or 4,5-octanediol, 
2-methyl-2-octene-1,4-diol, 
2,4,4,5,5,7-hexamethyl-3,6-octanediol, 
2,7-dimethyl-4-octane-2,7-di0l, 
2-butyl-4-ethyl-3-methyl-1,3-octanediol, 
1,9~nonanediol, 
1,2- or 1,10-decanediol, 
1,2- or 1,12-dodecanediol, 
5-decyne-4,7-diol, 
5,9-dimethyl-8-decene-1,5-diol, 
5,8-diethyl-6,7-dodecanediol, 
9~octadecene—l,l2-diol, 
9,10- or 1,12-octadecanediol, 
1,9- or 1,11-undecanediol, 
1,13-tridecanediol, 
1,2-tetradecanediol, 
1,2- or 1,16-hexadecanediol, 
l6-mcthyl-1,2-heptadecanediol, 
1,2- or 1,12-octadecanediol, 
iZ-methyl- 1 ,Z-propanediol, 
2-butyl-2-ethyl-1,3-propanediol, 
2,2-diethyl-1,3-propanediol, 
propanediol, 
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6 
2-isobutyl- 1,3 -propanediol, 
Z-ethyl- l ,3-butanediol, 
2,2-diethyl-l,4-butanediol, 
2,2,3,3-tetramethyl-1,4-butanediol, 
o-, m- or p-xylene-a,a’-diols, 
3,6-dimethyl-o-xylene-a,u’-diol, 
a,a'-dimethyl-p-xylene-a,a'diol, 
1,6~diphenyl-l,6-hexanedio1, 
1,2-diphenyl-1,2-ethanediol, 
l- or Z-phenyl-l,Z-propanediol, 
2-methyi-l-phenyl-l,Z-prcpanediol, 
Z-di-o-tolymethyl-1,3-propanediol. 

It is also contemplated Within the scope of this invention 
that trihydroxy compounds can be used, such as when one 
of the hydrogen atoms attached to a carbon atom of the 
above dihydroxy compound is replaced with a hydroxyl 
group. 

Typical examples of aliphatic monocarboxylic acids 
which can be used to esterify the di- and trihydroxy com 
pounds as given above are as follows: 

(a) ALIPHATI'C MONOCA-RB‘OXY'LI'C ACIDS 

(i) Where R2 and R4 each are alkyl or substituted alkyl 

Formic acid, acetic acid, ?uoroacetic acid, propionic 
acid, fi-chloropropionic acid, butyric acid, isobutyric acid, 
nitroisobutyric acid, valeric acid, isovaleric acid, hexanoic 
acid, heptanoic acid, Z-ethylhexanoic acid, nonanoic acid, 
decanoic acid, dodecanoic acid, undecanoic acid, tetra 
decanoic acid, hexadecanoic acid, heptadecanoic acid, 
octadecanoic acid, eicosanoic acd, docosanoic acid and 
triacontanoic acid. 

(ii) Where R2 and R4 each are an alkenyl or substituted 
alkenyl radical 

Butenic acid, pentenic acid, hexenic acid, teracrylic 
acid, hypogeic acid, oleic acid, elaidic acid, linoleic acid, 
a-eleostearic acid, ?-eleostearic acid, a-linolenic acid, 
acrylic acid, 5~chloroacrylic acid, methacrylic acid, cro 
tonic acid, isocrotonic acid, 3-butenoic acid, angelic acid, 
senecioic acid, hydrosorbic acid, ‘sorbic and 4-tetradece 
noic acid. 

(b) ALICYCLIC MONOCARBOXY-LIC ACIDS 

Cyclopropanecarboxylic acid, cyclopentanecarboxylic 
acid, cyclohexanoic acid, hydrocarpic acid, chaulrnoogric 
acid, naphthenic acid, 2,3,4,5-tetrahydrobenzoic acid and 
cyclodecanecarboxylic acid. 

(0) AROMATIC MONO‘CARBOXYLIC ACIDS 
Benzoic acid, l-naphthoic acid, Z-naphthoic acid, 

o-toluic acid, m-toluic acid, p-toluic acid, o-chlorobenzoic 
acid, m-chlorobenzoic acid, p-chlorobenzoic acid, 2,3-di 
bromobenzoic acid, 3,4-dichlorobenzoic acid, o-nitrogen 
zoic acid, m-nitrobenzoic acid, p-nitrobenzoic acid, 
2,3-dinitrobenzoic acid, salicylic acid, m-hydroxybenzoic 
acid, p-hydroxybenzoic acid, gallic acid, anisic acid, phe 
nylacetic acid and ,B-phenylpropionic acid, 
(d) HETEROCYCLIC MONOCARBOXYLIC ‘ACIDS 

Picolinic acid, nicotinic acid, furylacrylic acid, piperic 
acid, indoxylic acid, 3-indoleacetic acid, cinchoninic acid, 
furoic acid, 2-thiophenecarboxylic acid, 2-pyrrolecarbox 
ylic acid, 9~acridancarboxylic acid, quinaldic acid, pyra 
zionic acid and antipyric acid. 

Typical examples of monohydric compounds which may 
be utilized to prepare ester compounds from di- and tri 
carboxylic acids are methyl alcohol, ethyl alcohol, propyl 
alcohol, isopropyl alcohol, Z-ethylhexyl alcohol, dodecyl 
alcohol, 2,2-dimethyl heptanol, l-methylcyclohexyl meth 
anol, n-butyl alcohol, hexanol, isohexanol, pentanol and 
mixtures of alcohols which are prepared by processes such 
as the 0x0 process. In addition, it is contemplated within 
the scope of this invention that the carboxylic acid groups 
of the above-illustrated monocarboxylic acids may be 
replaced by a hydroxyl group and these compounds may in 
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turn be reacted with the di- and tricarboxylic acids to pre 
pare the di- and triester compounds of this invention. 

Typical diester compounds which are represented by 
(b) are 

di(2-ethylhexyl) azelate, 
di(2—ethylhexyl) sebacate, 
di-isooctyl sebacate, 
Z-ethylhexyl 3:5:5 trmethylhexyl sebacate, 
di-isooctyl azelate, 
di(3 :5 :5 trimethylhexyl) sebacate, 
di( l-methy1-4-ethy1octyl) vsebacate, 
diisodecyl azelate, 
diisotridecyl azelate, 
di( l-methyl-4-ethyloctyl) glutarate, 
di(2-ethylhexyl) adipate, 
di(3-methylbutyl) azelate, 
di( 3 : 5 : 5 trimethylhexyl) azelate, 
di(2-ethylhexyl) adipate, 
di(C10 oxo) adipate, 
bis(diethylene glycol monobutyl ether) adipate, 
di(isooctyl/isodecyl) adipate, 
diisotridecyl adipate, 
triethylene glycol di(2-ethylhexanoate), 
hexanediol 1,6-di(2-ethylhexanoate) and 
dipropylene glycol dipelargonate. 
Additional examples are mixtures of esters made from an 
aliphatic dibasic ‘acid and a technical mixture of alcohols 
such as a mixture of alcohols obtained by the oxo process. 

Typical polyester compounds represented by (c) can 
be prepared by the reaction of an acid compound with a 
polyhydroxy compound which polyhydroxy compound can 
be trimethylolpropane, trimethylolethane, pentaerythritol 
and dipentaerythritol. The acids which may be utilized are 
aliphatic monocarboxylic acids, alicyclic monocarboxylic 
acids, aromatic rnonocarboxylic acids and heterocyclic 
monocarboxylic acids, examples of which are given above. 
Examples of esters of this type are esters of trimethylol 
propane (1 mole) with monocarboxylic acids (3 moles), 
e.g., trimethylolpropane tri-n-octanoate; esters of pentaery 
thritol (1 mole) with monocarboxylic acids (4 moles); 
esters of di or tripentaerythritol (1 mole) with monocar 
boxylic acids (6 or 8 moles). 
The esters and amides of an acid of phosphorus which 

are suitable as base stocks for the functional ?uid com 
positions of this invention are those represented by the 
structure 

wherein Y is selected from the group consisting of oxygen, 
sulfur and 

llliu 
._N_ 

Y1 is selected from the group consisting of oxygen, sulfur 
and 

llln 
__N__ 

Y2 is selected from the group consisting of oxygen, sulfur 
and 

flint 
__N__ 

R13, R14, R15, R16, R17, and R18 each can be identical or 
different with respect to any other radical and b, c and d 
are whole numbers having a value of O to 1 and the sum of 
b+c+d is from 1 to 3. 

Typical examples of alkyl radicals are as follows: 
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec 
butyl, tert-butyl, n-amyl, isoamyl, Z-methylbutyl, 2,2-di 
methylpropyl, l-methylbutyl, diethylmethyl, 1,2-dimethyl 
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propyl, tert-amyl, n-hexyl, l-methylamyl, l-ethylbutyl, 1, 
2,2-trimethylpropyl, 3,3-dimethylbutyl 1,2,2-trimethyl 
propyl, Z-methylamyl, 1,1-dimethylbutyl, 1-ethyl-2-methyl 
propyl, 1,3-dimethylbutyl, isohexyl, 3-methylamyl, 1,2-di 
methylbutyl, l-methyl-l-ethylpropyl, 2-ethylbtuyl, n 
heptyl, 1,1,2,3-tetramethylpropyl, 1,2-dimethyl-1-ethyl 
propyl 1,1,2,2-trimethylbutyl, 1-isopropyl-2~methylpropyl, 
l-methyl-Z-ethylbutyl, 1,1-diethylpropyl, Z-methylhexyl, 
1,1-dimethylamyl, l-isopropylbutyl, 1-ethyl-3-methylbutyl, 
1,4-dimethylamyl, isoheptyl, l-methyl-l-ethylbutyl, 1— 
ethyl-Z-methylbutyl, I-methylhexyl, l-propylbutyl, n-octyl, 
l-methylheptyl, 1,l-diethyl-Z-methylpropyl, 1,1,3,3-tetra 
methylbutyl, 1,1-diethylbutyl, 1,1-dimethylhexyl, l-methyl 
l-ethylamyl, l-methyl-l-propylbutyl, 2-ethylhexyl, 6 
methylheptyl (isooctyl), n-nonyl, l-methyloctyl, l-ethyl 
heptyl, 1,1-dimethylheptyl, l-ethyl-l-propylbutyl, 1,1-di 
ethyl-3-rnethylbutyl, diisobutylmethyl, 3,5,5-trimethyl 
hexyl, 3,5-dimethylheptyl, n-decyl, l-propylheptyl, 1,1-di 
ethylhexyl, 1,1-dipropylbutyl, 2-isopropyl-S-methylhexyl 
and C11_18 alkyl groups. 

Typical examples of substituted alkyl radicals are the 
haloalkyl radicals which can be represented by the struc 
ture 

flint 
CnHalgn + l-mHmC (IIal)z(l3— 

R20 

where Hal refers to a halogen, m is less than or equal to 
2M1 and n may have any value from 0 to 18, and R19 and 
R20 can be hydrogen, halogen or alkyl radicals. Preferred 
radicals are those Where Hal is ?uoro and include those 
represented by the following formulas: 
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where R19 and R20 have their aforedescribed signi?cance. 
The halogenated alkyl radicals can be primary, sec 

ondary or tertiary. 
Other suitable fluorine-containing radicals include 

fluorinated alkoxyalkyl radicals particularly those rep 
resented by the following formulas: 

where R19 and ‘R20 have their aforedescribed signi?cance. 
It is also contemplated within the scope of this inven 

tion that the hydrogen and the ?uorine in the previously 
described haloalkyl radicals can be replaced by other halo 
gens, such as chlorine or bromine. 

Typical examples of aryl and substituted aryl radicals 
are phenyl, cresyl, xylyl, halogenated phenyl, cresyl and 
xylyl in which the available hydrogen on the aryl or sub 
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stituted aryl is partially or totally replaced by a halogen, 
0-, m- and p-tri?uoromethylphenyl, o-, m- and p-2,2,2-tri 
?uoroethylphenyl, 0-, m- and p-3,3,3-tri?uoropropylphenyl 
0-, m- and p-4,4,4-tri?uorobutylphenyl. 

The orthosilicates useful as base stocks include the 
tetraalkyl orthosilicates such as tetra(octyl)orthosilicate, 
tetra(2-ethylhexyl)orthosilicate and the tetra(isooctyl) 
orthosilicate and those in which the isooctyl radicals are 
obtained from isooctyl alcohol which is derived from the 
oxo process, and the (trialkoxysilicon)trialkyl orthosili 
cates, otherwise referred to as hexa(alkoxy) disiloxanes, 
such hexa(2-ethylbutoxy) disiloxane and hexa (Z-ethylhex 
oxy) disiloxane. 
The preferred tetraalkyl orthosilicates and hexa(alkoxy) 

disiloxanes are those in which the alkyl or alkoxy radicals 
have from 4 to 12 carbon atoms and in which the total 
number of carbon atoms in the orthosilicate is from 16 
to 60. 

In addition to the hexa(alkoxy) disiloxanes referred to 
above, other hexa(alkoxy) disiloxanes can be used in 
which the aliphatic radical of the alkoxy groups are for 
example, l-ethylpropyl, 1,3-dimethylbutyl, Z-methylpentyl, 
l-methylhexyl, l-ethylpentyl, Z-butylhexyl and 1-methyl-4 
ethyloctyl. 
The orthosilicates and alkoxy polysiloxanes can be rep 

resented by the general structure 

wherein R21, R22, and R23 each can be alkyl, substituted 
alkyl, aryl, substituted aryl and can be identical or dif 
ferent with respect to any other radical, O is oxygen, Si is 
silicon, X is a member of the group consisting of carbon 
and silicon, in is a whole number having a value of O or 1, 
n is an integer having a value of from 1 to about 200 or 
more and when X is carbon in is O, n is 1 and R24, R25 
and R26 each can be hydrogen, alkyl, substituted alkyl, aryl 
and substituted aryl radicals and when X is silicon in is 1, 
n is an integer having a value of from 1 to about 200 or 
more and R23, R25 and R26 each can be alkyl, substituted 
alkyl, aryl and substituted aryl. 

Typical examples of substituted aryl radicals are 0-, 
m- and p-chlorophenyl, o-, m- and p-bromophenyl, o-, m 
and p-?uorophenyl, a,a,a-trichlorocresyl, 0t,ot,zx-ll‘l?ll0l‘0— 
cresyl, xylyl and o-, m- and p-cresyl. Typical examples of 
alkyl and haloalkyl radicals are those heretofore de 
scribed. 
The organopolysiloxanes useful as base stocks are repre 

sented by the general structure 

wherein R27, R28, R29, R30, R31 and R32 can each be alkyl, 
substituted alkyl, aryl and substituted aryl radicals and 
need not represent the same entity throughout the same 
molecule and n is a whole number from about 0 to about 
2000 or more. Typical examples of alkyl and haloalkyl 
radicals are those heretofore described. Typical examples 
of the organopolysiloxanes are dimethylpolysiloxane, 
methyl-phenyl polysiloxane, methylchlorophenyl poly 
siloxane and methyl-3,3,3-tri?uoropropy1 polysiloxane. 

Typical examples of substituted aryl radicals and o-, 
m- and p-chlorophenyl, o-, m- and p-bromophenyl, o-, 
m- and p-?uorophenyl, a,a,ot-trichlorocresyl, a,a,a-tri 
?uorocresyl, o- m- and p-cresyl and xylyl. 
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Another class of base stocks which are suitable as base 
stocks for this invention are represented by the structure 

l____l 
A: 

CD 
wherein A, A1, A2 and A3 are each a chalkogen having an 
atomic number of 8 to 16, X, X1, X2, X3 and X4 each are 
selected from the group consisting of hydrogen, alkyl, 
haloalkyl, halogen, arylalkyl and substituted arylalkyl, 
x, y and z are whole numbers each having a value of 0 
to 8 and e is a whole number having a value of 0 to 1 
provided that when e is 0, y can have a value of 1 to 2. 
Typical examples of alkyl and substituted alrkyl radicals 
are given above. Typical examples of such base stocks are 
2- to 7-ring ortho-, meta- and para-polyphenyl ethers and 
mixtures thereof, 2- to 7-ring ortho-, meta- and para-poly 
phenyl thioethers and mixtures thereof, mixed polyphenyl 
ether-thioether compounds in which at least one of the 
chalkogens represented by A, A1, A2 and A3 is dissimilar 
with respect to any one of the other chalkogens, dihalo 
genated diphenyl ethers, such as 4-bromo-3'-chlorodi 
phenyl ethers and bisphenoxybiphenyl compounds and 
mixtures thereof. 

vExamples of the polyphenyl ethers contemplated are 
the bis(phenoxyphenyl) ethers, e.g., bis(m-phenoxy 
phenyl) ether, the bis(phenoxyphenoxy)benzenes, e.g., m 
bis(m-phenoxyphenoxy)-benzene, m - bis(p-phenoxyphe 
noxy)benzene, o-‘bis(o-phenoxyphenoxy)benzene, the bis 
(phenoxyphenoxyphenyl) ethers, e.g., bis[m-(m-phenoxy 
phenoxy)phenyl] ether, bis[p - (p - phenoxyphenoxy) 
phenyl] ether, m-[(m-phenoxyphenoxy) (o-phenoxyphe 
noxy)] ether and the bis(phenoxyphenoxyphenoxy)ben 
zenes, e.g., m-bis[m-(m-phenoxyphenoxy)phenoxy]ben 
zene, p-bis[p-(m-phenoxyphenoxy)phenoxy]benzene, m 
bis [m- (p-phenoxyphenoxy) phenoxy] benzene and mix 
tures thereof with other polyphenyl ethers. 

Typical examples of polyphenyl thioethers and mixed 
polyphenyl ethers and thioethers are 

2-phenylmercapto-4'-phenoxydiphenyl sul?de, 
2-phenoxy-3’-phenylmercaptodiphenyl sul?de, 
o-bis (phenylmercapto ) benzene, 
phenylmercaptobiphenyl, 
bis (phenylmercapto ) biphenyl, 
m- (m-chlorophenylmerc apto ) -m-phenylrnercaptoben 

zene, 
phenylmercaptotphenoxy) biphenyl, 
m-chlorodiphenyl sul?de, 
bis(o-phenylmercaptophenyl) sul?de, 
m-bis (m-phenylmercaptophenylmercapto ) v‘benzene, 
1,2, 3-tris (phenylmercapto ) benzene, 
1-phenylmercapto-2,3-bis (phenoxy ) benzene, 
o-bis (o-phenylmercaptophenylmercapto ) benzene, 
m-bis (p-phenylmercaptophenylmercapto ) benzene, 
2,2'-bis (phenylmercapto ) diphenyl ether, 
3 ,4'-bis (m-tolylmercapto ) diphenyl ether, 
3 ,3 '-bis (xylylmercapto ) diphenyl ether, 
3 ,4’-bis ( m-isopropylphenylmercapto ) -dipheny1 ether, 
3 ,4'-bis (p-tert-butylphenylmercapto ) diphenyl ether, 
3 ,3 ’-bis (m-chlo rophenylmercapto ) diphenyl ether, 
3,3’-bis(m-tri?uoromethylphenylmercapto)diphenyl ether, 
3 ,4’-bis ( m-per?uoro‘butylphenylmercapto ) diphenyl ether, 
2-m-tolyloxy-2'-phenylmerca ptodiphenyl sul?de, 
o-bis ( phenylmercapto) benzene, 
bis(m-phenylmercaptophenyl) sul?de, 
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12 
m-phenylmercaptophenyl-p-phenylmercaptophenyl sul— 

?de, 
the trisphenylmercaptobenzenes such as 
1,2,4-trisphenylmercaptobenzene, 
3,3 ’-bis ( phenylmercapto ) ~biphenyl, 
m-bis ( p-phenylmercaptophenylmercapto ) benzene, 
m-bis (m-phenylmercaptophenylmercapto ) benzene, 
bis [m- (m-phenylmercaptophenylmercapto ) phenyl] 

sul?de, 
3 ,3 ‘~bis ( phenylmerc apto ) diphenyl ether, 
3,3’-bis (phenoxy) diphenyl sul?de, 
3-phenoxy-3’-phenylmercaptodiphenyl sul?de, 
3-phenylmercapto-3'-phenoxydiphenyl ether, 
3 ,4’-bis (phenylmercapto ) diphenyl ether, 
m-bis (m-phenylmercaptophenoxy ) benzene, 
3 ~phe11ylmercapto-3 '- (m-phenylmercaptophenylrner 

capto ) diphenyl ether. 
Other base stocks which are useful are mono- and di 

alkylthiophenes. Typical examples of thiophenes are 
2,5 -( l-hexyl- l-methylnonyl) thiophene, 
2,4-( l-hexyl- l-methylnonyl)thiophene, 
2-tert-buty1 thiophene, 
2,5-tert-butyl thiophene, 
2,5-(1,1-dimethylpropyl)thiophene, 
2,5 -( l-butyl-l-octylnonyl ) thiophene, 
2,5-( l-propylcyclobutyl) thiophene, 
2-tert-butyl-4-( l-octyl- l-methyloctadecyl ) thiophene, 
2,5-( l-methylcyclohexyl) -thiophene, 
2,5-( l-octyl-l-methyldecyl)thiophene, 
2,5-( 1,1-dimethyltridecyl) thiophene, 
2,3-(l,1-dimethyltridecyl)thiophene, 
2,4-(1,1-dimethyltridecyl)thiophene, 
2,4-( l-methylcyclopentyl ) -thiophene and 
2,4-( l-n-dodecylpentyl ) thiophene. 

Hydrocarbon oils including mineral oils derived from 
petroleum sources and synthetic hydrocarbon oils are 
suitable base stocks. The physical characteristics of func 
tional ?uids derived from a mineral oil are selected on 
the basis of the requirements of the ?uid systems and 
therefore this invention includes as base stocks mineral 
oils having a wide range of viscosities and volatilities 
such as naphthenic base, paraf?nic base and mixed base 
mineral oils. In addition, lower boiling hydrocarbon oils 
such as fuel oil and kerosene types are often pumped at 
pressures whereby pump surfaces can be damaged, such 
as the pumping of jet fuels, and these fuels are included 
within the term hydrocarbon oils. 
The synthetic hydrocarbon oils include but are not 

limited to those oils derived from oligomerization of 
ole?ns such as polybutenes and oils derived from high 
alpha ole?ns of from 8 to 20 carbon atoms by acid cata 
lyzed dimerization and by oligomerization using trialu 
minum alkyls as catalysts. 

It is also contemplated within the scope of this inven 
tion that mixtures of two or more of the aforedescribed 
base stocks can be utilized as base stocks. 
The invention can be better appreciated by the fol 

lowing non-limiting examples. In Examples 1 through 31 
a nickel specimen was immersed in the ?uid and a 20 
kilohertz vibration induced into the specimen. The test 
duration was 45 minutes. In all the following examples, 
the temperature during the test was 85° C. except where 
so indicated by the asterisk (*). ‘Relative weight loss is 
de?ned to mean the total Weight loss of the metal speci 
men when tested in the ?uid containing the additive 
present divided by the weight loss of the metal specimen 
when the ?uid is tested without any additive present 
times 100. Thus, a relative weight loss under 100 indi 
cates that less metal was removed from the specimen 
when the additive was present in a given base stock and 
therefore demonstrates that the ?uid compositions which 
incorporate an ester compound of this invention inhibit 
and control damage. 



8,629,114 
TABLE I 

Volume 
percent Relative 

EX- _ _ I _ _ additive weight 
No. Fluid composition Additlvo in ?u loss 

1 ____ .. Tributyl phosphate ________________________ .. Dioctyl sebacate- 5 93 
_. ..-..do _________ .. . Butyl benzoate . _ . . . . . . _ . . .. 5 86 

. Dipentaerythritol es ______ .. 5 91 

Butyl stearate . _ _ . _ . . _ _ . . . _ - 5 86 

_______ .. Ethyl acetate._ -._.-._... 5 59 
sphate... Diethylsuecinat -._ ________ .. 5 83 
_______ ._ Dipentaeiythritol es __-_.._._-.. 5 90 

_________ -. Ethyl acetate_.-__._-.. .__.._..__.. 5 72 

. . Dipentaerythritol ester. __________ ._ 5 88 

_____________________________ .. Ethyl aeetate_....- .__...._.... 5 83 
cresyl phosphate ............. .. Dioctyl sebacate. . .......... _. 5 80 

_______ .. Diethyl succinate--. .._-.__...__ 5 79 

_____ ._ Dipentaerythritol es en... _.--......-._- 5 89 

_____ ._ Pentaerythritol tetravalera e.- ...-.._.._.... 5 89 
_____ .- Ethyl aeetate_--_-.--.-..- ._-......_.._. 5 71 

__________ .- .._-_ ...-..-._... 5 60 

_____ .. Dioctyl sebacate ...._...._.. 5 88 
_____ ._ rethylsuccmate _._......_.... 5 91 

......... .. Ethyl acetate- ._ -.__-_...-....._ 5 75 

20_-... hyl _. . Diethyl succinate ........................................... .. 5 88 

8Z$5% dilbudts‘rlphenyl phosphate ___________ .. 
0 acry o1 improver __________________ _- . 

2l"'" 1% epoxidized soybean oil __________________ .. . Dmctyl Sebacate """"""""""""""""""""""""""""" " 5 95 
.50% bis(1,2~phenylmercapto) ethane _______ .. . 

il5’l7z;6% dilbuéylphenyl phosphate ........... .. _ 
0 acry 01 improver ________________ .. . - - 

22 l--- 1% epoxidized Soybean oil ________________ __ _ Dlethyl Succlnate ------------------------------------------- -- 5 92 

50% bis(1,2-phenylmercapto) ethane"... . 

87é5% dilbudtylrfhenyl phosphate _______ ._ . 
11 0 acry oi improver ______________ .. . 

23"-" 1% epoxidized soybean oil ____________ ._ . Ethyl acetate """"""""""""""""""""""""""""""" " 5 36 

50% bis(1,2-phenylmcrcapto) ethane... . 

87 ‘.71'5% dilbngyllvilihenyl phosphate. . _ . . . 
11 0 aory oi improver ________ .. - ‘ 

24"-" 1% epoxidized soybean oil __________ .. Phenylproplonate """""""""""""""""""""""" " 5 86 
50% bis(1,2-phenylmercapto) ethane. 
835% dilbnéygphenyl phosphate... 

0 acry 01 improver ________ ._ - 
25.__._ 1% epoxidized soybean oil __________ __ Pentaerythntol tetravalerate ................................ .. 2 91 

.7550;%3bi%(11,2-rlhe)nylmeéeagto) iatliiirlnov 0 -c oro- - romo 1p eny e er- . l 
26-""{25% 3-chlorodipheny] ether _______ .. }Dlethyl Succlnate """"""""""""""""""""""""" -' 5 95 

i72§7%a°ryti§’i‘ih“ i?p’?verr '11‘ " i; ‘t . 02-e y exy ip cny p osp a e-- ~ 
27'" " 47.8% isooctyldiphenyl phosphatc_- ._ Dloetyl sebaca‘te """""""""""""""""""""""" ' ' 5 89 

10 ppm. silicone _____________________ .. 

28._-.. N -methyl-N-buty1-N’-methyl-N ’-butyl p- Diethyl succinate ........................................... .. 5 91 
phosphorodiamidate. 

29..-" Mineral Oil ............................................ .. Dioctyl sebacate ____________________________________________ .. 5 78 
30.... -_.- ..do __________________________ .. . Diethyl succinate _____________________________ . _ 5 87 

87.15% dibutylphenyl phosphate. 
31..... 11% acryloid VI improver ...... .. 6,000 Molecular weight polymer prepared from adipic acid and 2 87 

1% epoxidized soybean oil ........ .. 1,2-propane diol. 
50% bis(1,2-phenylmercapto) ethane .................. .. 

1 Refers to experimental runs which were made at a temperature of 30° C. 

It is an important part of this invention that the use 
of an ester compound controls and inhibits ?uid damage. 
Several methods which are used to determine the degree 
of ?uid degradation or the change in optical absorbence 
of a fluid after being subjected to an ultrasonic vibra 
tion. ‘In addition, the physical properties, such as viscosity 
increase and acid number increase, of the ?uid are deter~ 
mined prior to and after a given run. In Table II the 
outstanding ability of the functional ?uid compositions 
of this invention are demonstrated with regard to inhibit 
ing and controlling ?uid damage. In Table II the relative 
inhibition of ?uid degradation as determined by optical 
absorbence was obtained by dividing the optical absorb 
ence of the fluid compositions with additives by the opti 
cal absorbence of ?uid compositions without additives 
times 100. The relative decrease in acid number build-up 
was obtained by dividing the acid number of the ?uid 
compositions with additives by the acid number of ?uid 
compositions without additives times 100. In all of the 
following examples the runs with and without additives 
were at the same temperatures and for the same duration. 

45 

50 

55 

60 

The test method as employed to determine relative 
damage has been found to correlate quite well to actual 
test runs on simulated hydraulic system test stands, such 
as the Fairey Test Stand. The Fairey Test Stand is a 
closed loop hydraulic system wherein the test conditions 
simulate the actual ?uid pressures and temperatures as 
could exist on an aircraft. Such test stand has been in 
use for the purpose of testing hydraulic ?uids and hy 
draulic components. ‘In addition, the hydraulic system 
test stands for determining damage have correlated quite 
Well with the hydraulic system of commercial aircraft 
where damage levels have been determined. 

The data in the previous examples demonstrate the 
signi?cant inhibition of damage obtained by the incor 
poration of an ester compound into a base stock. In 
addition, the physical properties and the performance 
characteristics such as lubricity, ?re resistance, and vis 
cosity were essentially unaffected by the additive, an 
important consideration since a base stock is selected 
trom a given 'r?uid system because of its physical prop 
erties or characteristics and deviations from these prop 

TABLE II 

Concen- Relative 
tration, optical Relative 

Ex. volume absorb- acid 
N 0. Base stock Additive percent ence number 

32 ..... -. 87.15% dibutylphenyl phosphate.. Ethyl acetate ............... ._ 5 
33__ . .do ........................... . . Diethyl succinate. . - 5 

34.. _.d0 ___________________________ .. Dipentaerythritol ester, - 5 
35__ Tricresyl phosphate ............. __ Dioctyl sebacate. _ - . 5 
36__ ._do _ _ _ . _ . . . . . . _ . _ . . . . _ . . .. Ethyl acetate. - - - _ 5 

37.. do. ....... .. Diethyl succinate.. 5 
38__ do._ ....... .. Dipentaerythritol ester... .-. 5 
39 .......... _ _ do ........................... . . Pentaerythritol tetravalerate. . 5 
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erties and characteristics can bring about inferior ?uid 
performance. 
As is demonstrated by Table I, the ester compounds 

are effective in inhibiting and controlling damage to me 
chanical members in contact with such ?uids which con 
tain the ester compounds of this invention. It is of 
particular importance that the inhibition and control of 
damage is accomplished without adversely affecting any 
of the critical properties of the functional ?uids. 
The effectiveness of the ester compounds for inhibiting 

and controlling the degradation of the base stocks is well 
illustrated by Table II. In particular Table II effectively 
demonstrates that the ester compounds at low concentra 
tions are effective in preventing degradation of the base 
stock as is evidenced by the relative decrease in optical 
absorptivity and acid number of the ?uid. This inhibition 
of degradation of the base stock is of particular import~ 
ance in the many uses of functional ?uids wherein the 
original required ?uid characteristics are maintained dur 
ing use by the incorporation of the ester compounds. Thus, 
the incorporation of an ester compound into a base stock 
to inhibit and control ?uid damage is of particular import 
ance in that ?uid damage manifests itself in numerous 
ways among which are viscosity change, increase in acid 
number, formation of insoluble materials, increased re 
activity and discoloration. In a ?uid system the particular 
properties of a ?uid have to be maintained in order to 
continue useful operation of the particular system in which 
the ?uids are employed. Thus, changes in viscosity can be 
produced by ?uid degradation whereby polymeric prod 
ucts with high molecular weights are produced in the 
system. Such high molecular weight products often be 
come insoluble in the particular base stock which results 
in the precipitation or sludging of the insoluble material. 
Such precipitation and sludging plugs ?lters and deposits 
on moving parts which have to be lubricated by the ?uid 
thereby causing inadequate lubrication and interference 
with the proper functioning of the mechanical parts. 
Increased chemical reactivity is observed on ?uid degrada 
tion as well as buildup in acid number of the ?uid. Such 
increased chemical reactivity and high acid number allows 
the particular system which incorporates the ?uid to be 
chemically attacked by the ?uid thereby causing pitting, 
wear and alterations of the close tolerances of the mechani 
ical members of said ?uid. Thus, premature overhall of 
mechanical parts is a direct consequence of ?uid degrada~ 
tion. It is, therefore, of particular importance that ?uid 
degradation is controlled and inhibited so as to extend the 
useful life of a ?uid in a functional ?uid system. 
As a result of the excellent inhibition and control of 

damage utilizing the functional ?uid compositions within 
the scope of this invention, improved hydraulic pressure 
devices can be prepared in accordance with this inven 
tion which comprise in combination a ?uid chamber and 
an actuating ?uid composition in said chamber, said ?uid 
comprising a mixture of one or more of the base stocks 
hereinbefore described and a minor amount, su?icient to 
inhibit damage, of an ester compound. In such a system, 
the parts which are so lubricated include the frictional 
surfaces of the source of power, namely the pump, valves, 
operating pistons and cylinders, ?uid motors, and in some 
cases, for machine tools, the ways, tables and slides. The 
hydraulic system may be of either the constant-volume or 
the variable volume type of system. 
The pumps may be of various types, including centrif 

ugal pumps, jet pumps, turbine vane, liquid piston gas 
compressors, piston-type pump. more particularly the 
variable-stroke piston pump, the variable-discharge or 
variable displacement piston pump, radial-piston pump, 
axial-piston pump, in which a pivoted cylinder block is 
adjusted at various angles with the piston assembly, for 
example, the Vickers Axial-Piston Pump, or in which the 
mechanism which drives the pistons is set at an angle 
adjustable with the cylinder block; gear-type pump, which 
may be spur, helical or herringbone gears, variations of 
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internal gears, or a screw pump; or vane pumps. The 
valves may be stop valves, reversing valves, pilot valves, 
throttling valves, sequence valves, relief valves, servo 
valves, non-return valves, poppet valves or unloading 
valves. Fluid motors are usually constant- or variable 
discharge piston pumps caused to rotate by the pressure of 
the hydraulic ?uid of the system with the power supplied 
by the pump power source. Such a hydraulic motor may 
be used in connection with a variable-discharge pump to 
form a variable-speed transmission. It is, therefore, espe 
cially important that the frictional parts of the ?uid sys 
tem which are lubricated by the functional ?uid be pro 
tected from damage. Thus, damage brings about seizure of 
frictional parts, excessive wear and premature replace 
ment of parts. 
The ?uid compositions of this invention when utilized 

as a functional ?uid can also contain dyes, pour point 
depressants, metal deactivator, acid scavengers, antioxi 
dants, defoamers in concentration sufficient to impart 
antifoam properties, such as from about 10 to about 100 
parts per million, viscosity index improver such as poly 
alkylacrylates, polyalkylmethacrylates, polycyclic poly 
mers, polyurethanes, polyalkylene oxides and lubricity 
agents and the like. 

It is also contemplated within the scope of this inven 
tion that the base stocks as aforedescribed can be utilized 
singly or as a ?uid composition containing two or more 
base stocks in varying proportions. The base stocks can 
also contain other ?uids which include, in addition to the 
functional ?uids described above, ?uids derived from coal 
products, and synthetic oils, e.g., alkylene polymers (such 
as polymers of propylene, butylene, etc., and the mixtures 
thereof), alkylene oxide-type polymers (e.g., propylene 
oxide polymers) and derivatives, including alkylene oxide 
polymers prepared by polymerizing the alkylene oxide in 
the presence of water or alcohols, e.g.. ethyl alcohol, alkyl 
benzenes (e.g., monoalkyl benzene such as dodecyl ben 
zene, tetradecyl benzene, etc.), and dialkyl benzene (e.g., 
n-nonyl Z-ethylhexylbenzene); polyphenyls (e.g., bi 
phenyls and terphenyls), halogenated benzenes, for 
example, ?uoro~, bromo- and chloro-benzenes such as m 
dibromobenzene, p-dichlorobenzene, etc. halogenated 
lower alkyl benzene, for example, bromo and chloro sub 
stituted lower alkyl benzenes such as trichloromethyl 
benzene, bromomethylbenzene, etc. halogenated biphenyl, 
for example, chlorinated biphenyl having by weight from 
about 21% to 60% of combined chlorine, etc. and mono— 
halogenated diphenyl ethers, for example, p-chlorophenyl~ 
phenyl ether, p-bromo-phenylphenyl ether, meta-choloro 
phenylphenyl ether etc. 

While this invention has been described with respect 
to various specific examples and embodiments, it is to be 
understood that the invention is not limited thereto and 
that it can be variously practiced within the scope of the 
following claims. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as fol 
lows: 

1‘. A composition comprising 
(A) a major amount of a base stock comprising liquid 

esters of an acid of phosphorus selected from the 
class consisting of triaryl phosphates, trialkyl phos 
phates, mixed aryl-alkyl phosphates and mixtures 
thereof, wherein the total number of carbon atoms 
present in each alkyl group is from 1 to 18 carbon 
atoms and in each aryl group is from 6 to 10 carbon 
atoms, and 

(B) a damage inhibiting amount of a monoester com 
pound represcnted by the structure 

ll 
R-—C—-O-—R1 

wherein R and R] each are an alkyl, haloillkyl, 
allienyl or aryl group containing up to 10 carbon 
atoms and mixtures thereof. 
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2. A composition of claim 1 wherein the base stock 
is dibutylphenyl phosphate and the monoester is ethyl 
acetate. 

3. A composition of claim 1 wherein the base stock 
is tributyl phosphate and the monoester is ethyl acetate. 

4. A composition of claim 1 wherein the base stock 
is a mixture of tributyl phosphate and tricresyl phosphate 
and the monoester is ethyl acetate. 

5. A composition of claim 1 wherein the base stock _ 
is tricresyl phosphate and the monoester is ethyl acetate. 

6. A composition of claim 1 wherein the base stock 
comprises above 89% by volume of the total ?uid com 
position. 

7. In the method of operating a hydraulic pressure de 
vice wherein a displacing force is transmitted to a dis 
placeable member by means of a hydraulic ?uid, the im 
provement which comprises employing as said ?uid a 
composition of claim 1. 

8. In the method of operating. a hydraulic pressure de 
vice wherein a displacing force is transmitted to a dis 
placeable member ‘by means of a hydraulic ?uid, the im 
provement which comprises employing as said ?uid a 
composition of claim 6. 

9. A process for controlling cavitation damage in a 
hydraulic system which is subject to cavitation damage 
when operated using a force transmission ?uid compris 
ing a major amount of a base stock selected from the 
group consisting of triaryl phosphates, trialkyl phos— 
phates, mixed aryl-alkyl phosphates and mixtures thereof, 
wherein the total number of carbon atoms present in each 
alkyl group is from 1 to 18 carbon atoms and in each aryl 
group is from 6 to 10 carbon atoms which comprises 
using as the force transmission ?uid a major amount of 

IO 
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such base stock and from 0.5 to 15 volume percent of a 
monoester compound represented by the structure 

R—("]—O—R1 
wherein R and R1 each are an alkyl group, a haloalkyl, 
an alkenyl, or an aryl group containing up to 10 carbon 
atoms and mixtures thereof. 

10. A process of claim 9 wherein the hydraulic system 
is an aircraft hydraulic system. 
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