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SYNTHETIC AIRCRAFT TURBINE OIL 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention is concerned with the lubricating oil 5 

composition used in gas turbine or jet engines. Gas tur 
bine engines are operated under extreme environmen 
tal conditions. The lubricant must be ?uid at extremely 
low temperatures and must be an effective lubricant in 
an engine which produces internal engine temperatures 
in the range of 450°—500°F. or above. These operating 
conditions put severe stresses on the lubricating oil, so 
much so that the most advanced mineral lubricating oil 
compositions cannot be employed in gas turbine en 
gines. 
Currently, synthetic ester base lubricating oil compo 

sitions containing a critically balanced blend of addi 
tives are being effectively employed for lubricating gas 
turbine engines. These ester base oils are operative 
over a wide temperature range and exhibit high thermal 
stability, anti-wear, load-carrying and anti—oxidation 
properties while providing good lubrication. 
With the advent of newer and more powerful gas tur 

bine engines designed to provide advanced levels of su 
personic ?ight, the resulting higher stress levels require 
lubricating oil compositions having improved load 
carrying properties. ‘ 

2. Description of the Prior Art 
No patents are known which disclose thiouracils or 

their salts as load-carrying additives for synthetic ester 
base lubricating oil composition. 

SUMMARY OF THE INVENTION 

The synthetic lubricating oil composition of the in 
vention comprises a major portion of an aliphatic ester 
base oil having lubricating properties containing a thio 
uracil compound, an alkylphenyl or alkarylphenyl 
naphthylamine, a dialkyldiphenylamine, and a hydro 
carbyl phosphate. More speci?cally, the lubricating oil 
composition of the invention comprises a major portion 
of an aliphatic ester base oil formed from the reaction 
of a pentaerythritol or trimethylolpropane and an or 
ganic monocarboxylic acid having from about 2 to l8 
carbon atoms per molecule containing: 

a. from about 0.005 to 0.5 weight percent of a thiou 
racil compound selected from the class of thiouracils, 
dithiouracils and their amine salts. 

b. from about 0.3 to 5 percent by weight of the lubri~ 
eating oil composition of allkyl or alkaryl derivatives of 50 
phenyl or or B naphthylamines in which the alkyl radi 
cals have from four to 12 carbon atoms. 

0. from about 0.3 to 5 percent of a dialkyldiphenyla 
mine in which the alkyl radicals have from four to 12 
carbon atoms, and 

d. from about 0.25 to l0 percent of a trihydrocarbyl 
phosphate in which the hydrocarbyl radicals contain 
from about two to 12 carbon atoms. 
The lubricating oil of the invention is characterized 

by possessing outstanding load-carrying properties. 
These properties are attributed to a carefully balanced 
and formulated synthetic ester base lubricating oil 
blend containing a thiouracil compound. The results 
were surprising and unexpected because heretofore thi 
ouracil compounds have not been known to impart 
load-carrying properties to a synthetic ester lubricating 
oil composition. 
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The base ?uid component of the lubricant of the in 
vention is an ester-base ?uid prepared from penta 
erythritol or trimethylolpropane and a mixture of hy 
drocarbyl monocarboxylic acids. Polypentaerythritols, 
such as dipentaerythritol, tripentaerythritol and tetra 
pentaerythritol can also be employed in the reaction to 
prepare the base oil. 
The hydrocarbon monocarboxylic acids which are 

used to form the ester-base ?uid include the straight 
chain and branched-chain aliphatic acids, cycloali 
phatic acids and aromatic acids as well as mixtures of 
these acids. The acids employed have from about two 
to 18 carbon atoms per molecule, and preferably from 
about ?ve to 10 carbon atoms. Examples of suitable 
speci?c acids are acetic, propionic, butyric, valeric, 
isovaleric, caproic, decanoic, hexadecanoic, vinylben 
zoic, dodecylbenzoic, pelargonic, cyclohexanoic, naph 
thenic, benzoic, phenylacetic, tertiary-butylacetic and 
2-ethylhexanoic acids. 
In general, the acids are reacted in proportions lead 

ing to a completely esteri?ed pentaerythritol or tri 
methylolpropane with the preferred ester base being 
the pentaerythritol tetraesters. Examples of commer 
cially available tetresters include pentaerythritol tet 
racaproate, which is prepared from puri?ed penta 
erythritol and crude caproic acid containing other 
Cb“, monobasic acids. Another suitable tetraester is 
prepared from a technical grade pentaerythritol and a 
mixture of acids comprising 38 percent valeric, l3 per~ 
cent 2-methyl pentanoic, 32 percent octanoic and 17 
percent pelargonic acids. Another effective ester is the 
triester of trimethylolpropane in which the trimethylol 
propane is esteri?ed with a monobasic acid mixture 
consisting of 2 percent valeric, 9 percent caproic, 13 
percent heptanoic, 7 percent octanoic, 3 percent ca 
prylic, 65 percent palargonic and 1 percent capric 
acids. Trimethylolpropane triheptanoate, trimethylol 
propanepentanoate and trimethylolpropanehexanoate 
are also suitable ester bases. ' 

The ester base comprises the major portion of the 
fully formulated synthetic ester base lubricating oil 
composition. In general, this ester base ?uid is present 
in concentrations from about 90 to 98 percent of the 
composition. 
The essential thiouracil compound is selected from 

the group consisting of the thiouracils, dithiouracils 
and the amine salts of these compounds. 
The thiouracils are represented by the formula: 

in which R is hydrogen or a hydrocarbyl radical having 
from one to about 30 carbon atoms. A preferred class 
of compounds are those in which R is hydrogen, an al 
ky], aryl, or alkaryl radical having from one to about 
eight carbon atoms and particularly from one to six car 
bon atoms. 
The dithiouracils are represented by the formula: 
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in which R has the values noted above. 
The amine salt of a thiouracil compound is repre 

sented by the formula: 

R'R 
c=c 

-s-c/ \N Y2 
\N-cf 

in which R has the values noted above and Y represents 
hydrogen or an ammonium radical represented by the 
formula H3NR’ in which R’ is a hydrocarbyl radical 
having from one to 24 carbon atoms, at least one Y 
member being said ammonium radical. 
Speci?c examples of effective thiouracil compounds 

include the following: 

2~thiouracil 
tS-methyl -—- Z-thiouracil 
?-elhyl —— 2<thiouracil 
6-propyl -— Z-thiouracil 
o-phenyl — 2<thiouracil 
b-benzyl — Z-Ihiouracil 

5.6-dimethyl — 2-thiouracil 
5 ,?-diphenyl — 2—thiouracil 

6-( 4-isopropylphenyl ) —— Z-thiouracil 

Specific examples of dithiouracil compounds include 
the following: 

2,4»dithiouracil 
?-methyl — 2,4-dithiouracil 
6-ethyl — 2,4-dithiouracil 
6—propyl -— 2,4-dithiouracil 
6-phenyl — 2,4~dithiouracil 
6<benzyl —- 2,4—dithiouracil 

5,6-dimethyl — 2.4~dithiouracil 
5,6-diphenyl —— 2,4-di?1iouracil 

6-(4-isopropylphenyl) 2,4-di?'iiouracil 

Speci?c examples of amine salts of thiouracil com 
pounds include the following: 
Cw - C22 t-alkyl primary amine salt of 2,4-dithiouracil 
2-ethyl hexyl amine salt of 2,4—dithiouracil 
n-dodecyl amine salt of 2,4-dithiouracil 
hexyl amine salt of 2,4-dithiouracil 
butyl amine salt of 2,4-dithiouracil 
Z-ethylhexyl amine salt of Z-thiouracil 
C1,, — C22 t-alkyl primary amine salt of Z-thiouracil 
The thiouracil compound is employed in the lubricat 

ing oil composition at a concentration ranging from 
. 65 

about 0.005 to 0.5 weight percent with the preferred 
concentration ranging from about 0.0l to 0.1 weight 
percent. 

4 
The essential alkyl or alkaryl phenyl naphthylamine 

component of the invention is represented by the for 
mula: 

in which R is an alkyl or alkaryl radical having from 
about three to 12 carbon atoms. This radical can be a 
straight or branched chain alkyl radical with the ter 
tiary alkyl structure being preferred or it can be an al 
karyl radical. The naphthylamine can be either an 
alpha or beta naphthylamine. Speci?c effective com 
pounds of this class include N-(p-t-octylphenyDa 
naphthylamine. N-( p-a-cumylphenyl )-6-a-cumyl-B 
naphthylamine, N(p-t-octylphenyl)-B-naphthylamine 
and the corresponding p-t-dodecylphenyl, p-t 
butylphenyl, and p-dodeeylphenyl-o: and -B-naphthy1‘ 
amines. The preferred concentration of this component 
is from about 0.5 to 2.5 percent. 
Another essential component of the lubricating oil 

composition of the invention is a dialkyldiphenylamine. 
These compounds are represented by the formula: 
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in which R is an alkyl radical having from about four 
to 12 carbon atoms. Suitable alkylamines include dioc 
tyldiphenylamine, didecyldiphenylamine, didodecyldi 
phenylamine, dihexyldiphenylamine and similar com 

40 
pounds. The preferred compound is p,p'-di-t 
octyldiphenylamine and the preferred concentration is 
from 0.5 to 2.0 percent. 
The final essential component of the lubricating oil 

composition of the invention is a hydrocarbylphos 
phate ester. more speci?cally a trihydrocarbyl phos 
phate having the formula (RO)3PO in which R is a hy 
drocarbyl radical i.e. an alkyl, aryl, alkaryl, cycloalkyl 
or aralkyl radical or mixture thereof having from two 
to 12 carbon atoms and preferably from four to eight 
carbon atoms. Effective speci?c compounds include 
tricresylphosphate, cresyl diphenylphosphate, tri 
phenylphosphate, tributylphosphate, tri( 2-ethylhexyl) 
phosphate and tricyclohexyl phosphate. These com 
pounds are preferably present in the lubricating oil 
composition in a concentration ranging from about 0.5 
to 5 percent. 
The lubricating oil composition of the invention was 

tested for its load-carrying property in the [AB Gear 
Test conducted in accordance with the “institute of Fe 
troleum Test Method lPl66" and the Ryder Gear Test 
conducted in accordance with the “ASTM Dl947” 
standard. 
The ester base oils employed in preparing the lubri 

cating oil compositions tested below comprised penta 
erythritol containing a minor amount of dipentaery 
thritol esteri?ed with mixtures of fatty acids. 

45 

50 

55 

6 O 



3,901,815 
5 

Base Oil A consisted of technical grade pentaerythri 
tol ester made from a mixture of carboxylic acids con 
sisting of (mole 96): 

This ester base oil had the following properties: 

Viscosity, on at 2l0'F. 5.03 
Viscosity, cs at l00’F. 25.l 
Viscosity, cl at —40°F. 7247 
Viscosity Index 140 
Flalh, 'F. 490 

Base Fluid A consisted of 1.0 weight percent of p,p' 
di-tert.-octyldiphenylamine, 1.5 weight percent of N 
(p-t-octylphenyl)-l -naphthylamine, 2.0 weight percent 
tricresylphosphate and the balance Base Oil A de 
scribed above. ' 

The load-carrying properties of the lubricants of the 
invention were evaluated in the lAE Gear Test and the 
Ryder Gear Test and the results are set forth in Table 
1 below. 

TABLE I 

EVALUATION OF THIOURACIL COMPOUNDS 
LOAD-CARRYING ABILITY 

Conc. IAE GEAR RYDER GEAR 
Run Additive Wt.% TEST, l l0°C TEST ppi 

6000 rpm 
1. None 40 2055 
2. Dithiour- 0.085 55 3025 

acil 
3. Cw-Cn ,_ 0.5 — 3075 

alkylprimary 
amine salt of 
dithiouracil 

4. 2-thiour- 0.05 — 2340 

acil 

The novel synthetic ester base lubricant of the inven 
tion containing a thiouracil compound possesses out~ 
standing load-carrying properties as shown in the lAE 
Gear and the Ryder Gear Tests above. These lubricants 
are highly effective for providing a synthetic lubricating 
oil composition which can meet the ever increasing 
stresses put on the lubricants by the new and larger gas 
turbine engines. 

l claim: 
1. A synthetic lubricating oil composition comprising 

a major portion of an aliphatic ester base oil having lu 
bricating properties formed from the reaction of a pen 
taerythritol or trimethylolpropane and a saturated hy 
drocarbyl monocarboxylic acid having from about 2 to 
18 carbon atoms per moledule, containing 
A. From about 0.005 to 0.5 weight percent of a thio 

uracil compound represented by the formula se 
lected from the group consisting of 

R R 
I l 

c =- c ' 

m t - 2/ \l'lll 

‘n - c/ 
1 II 

R 5 
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6 
a R 
i l 

c = 0 

(ii! 5 -—- (2/ \Nil ‘and 
\N - c/ 

I II 

R s 

n R , 
l l 

/c = c 
um -s - C \N Y2 

\N - of 
l 

s 
I 

wherein R is hydrogen or a hydrocarbyl radical having 
from one to about 30 carbon atoms and Y is hydrogen 
or an ammonium radical having the formula HaNR' in 
which R’ is a hydrocarbyl radical having from one to 24 
carbon atoms, at least one Y being said ammonium rad 
ical. 

8. From about 0.3 to 5 percent by weight of the lubri 
cating oil composition of an alkyl or alkaryl phenyl 
naphthylamine in which the alkyl radical has from 
three to 12 carbon atoms, 

C. From about 0.3 to 5 percent of a dialkyldiphenyla 
mine in which the alkyl radicals have from four to 
12 carbon atoms, and 

D. From about 0.25 to 10 percent of a trihydrocarbyl 
phosphate in which said hydrocarbyl radicals con 
tain from about two to 12 carbon atoms. 

2. A lubricating oil composition according to claim 
1 in which said thiouracil compound is a thiouracil rep 
resented by the formula: 

in which R is hydrogen or a hydrocarbyl radical having 
from one to about 30 carbon atoms. 

3. A lubricating oil composition according to claim 
1 in which said thiouracil compound is a dithiouracil 
represented by the fon'nula: 

in which R is hydrogen or a hydrocarbyl radical having 
from one to about 30 carbon atoms. 
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4. A lubricating oil composition according to claim 
1 containing the amine salt of said thiouracil compound 
represented by the formula: 

OW ow 
/ 
\N 

.m .0 

in which R is hydrogen or a hydrocarbyl radical having 
from one to about 30 carbon atoms, and Y is hydrogen 
or an ammonium radical having the formula HsNR’ in 
which R‘ is a hydrocarbyl radical having from one to 24 
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carbon atoms, at least one Y member being said ammo 
nium radical‘ . 

5. A lubricating oil composition according to claim 
1 in which said thiouracil compound is dithiouracil. 
6. A lubricating oil composition according to claim 

1 in which said thiouracil compound is Cur-C22 -t-alkyl 
primary amine salt of dithiouracil. 

7. A lubricating oil composition according to claim 
1 in which said‘thiouracil compound is 2-thiouracil. 
8. A lubricating oil composition according to claim 

1 in which said thiouracil compound is 6-methyl-2 
thiouracil. 

9. A lubricating oil composition according to claim 
1 in which said thiouracil compound is 2-ethylhexyl 
amine salt of 2,4-dithiouracil. 


