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4. Claims. (C. 252-49.7) 

ABSTRACT OF THE DISCLOSURE 

Lubricant formulations composed of either polyfluoro 
alkoxy triazine or polyfluoroalkoxy phosphonitrile base 
fluids stabilized against high-temperature oxidation and 
corrosion with perfluoroaryl organometallic compounds. 

The invention described herein may be manufactured 
and used by or for the United States Government for 
governmental purposes without payment to us of any 
royalty thereon. 
The present invention relates to a novel lubricant for 

mulation and specifically to lubricants embodying poly 
fluoroalkoxy-substituted heterocyclic base fluids. 
With the advent of new high performance gas turbine 

engines and other technological advances particularly in 
aerospace applications, there is an ever-increasing demand 
for lubricating materials which are capable of withstand 
ing severe oxidative stress and degrading influences at 
high temperatures on the order of 500 degrees Fahrenheit 
and above for prolonged periods of time without appre 
ciable deterioration. At the same time, the high tempera 
ture oxidative stability must be achieved without a sacri 
fice of low temperature fluid properties and lubricating 
characteristics. While a variety of new lubricating com 
positions such as polyphenylethers and polyperfluoroalkyl 
ethers have been developed to meet the demands of the 
newly encountered operational parameters and have been 
capable of withstanding high temperatures on the one 
hand or of resisting oxidative degradation on the other, 
the presently available materials lack one or more of the 
important properties required. 
At the same time the known synthetic hydrocarbon oils 

possess good low temperature fluid properties and excep 
tional lubricity but do not have sufficient oxidative stabil 
ity at temperatures above 400 degrees Fahrenheit, even 
when they are compounded and formulated with the best 
additive systems known for their particular class of neat 
fluids. The trimethylolpropane esters which are inhibited 
with the best antioxidant systems presently known for 
them also deteriorate rapidly above 425 degrees Fahren 
heit. On the other hand, while the polyphenylether-based 
lubricants appear to have excellent oxidative stability at 
temperatures as high as 500 degrees Fahrenheit, they have 
high pour points on the order of 40 degrees Fahrenheit 
and relatively poor lubricating characteristics. 
Upon this state of the art has entered a new class of 

lubricating fluids, namely the polyfluorinated alkoxy-Sub 
stituted heterocyclic compositions such as polyfluoroalk 
oxy-substituted triazine derivatives and polyfluoroalkoxy 
substituted cyclic triphosphonitriles. While the polyfluo 
rinated alkoxy-substituted triazine derivatives as a class 
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2 
demonstrate good low temperature viscosity characteris 
tics and adequate lubricating potential, they degrade Se 
verely upon exposure to oxidative degrading environments 
at temperatures of 475 degrees Fahrenheit and above. 
Similarly, the substituted phosphonitrile neat fluids de 
grade significantly at temperatures on the order of 500 
degrees Fahrenheit. - 

It is accordingly an object of the present invention to 
provide an improved lubricant composition which will 
be characterized by adequate lubricity over a broad tem 
perature range and which will not succumb to oxidative 
degradation at temperatures of 475 degrees Fahrenheit 
and above. 
Yet another object of the present invention is to provide 

a high-temperature oxidative resistant lubricant formula 
tion comprising a polyfluoroalkoxy-substituted heterocy 
clic neat fluid. 
Yet another object of the present invention is to provide 

such a lubricant composition embodying the polyfluori 
nated alkoxy-substituted triazines and the polyfluorinated 
alkoxy-substituted phosphonitriles. 
These and other objects and advantages which will 

appear from a reading of the following disclosure are 
achieved according to the present invention by the in 
corporation with the above-named based fluids of minor 
proportions of a series of perfluorinated aryltin com 
pounds. In spite of the fact that such aryltin additives 
were known to have no improving effect upon the high 
temperature oxidative degradation of the non-fluorinated 
alkoxy-substituted triazine compounds, it was found that, 
when these additives were incorporated with the fluori 
nated variety, they substantially reduced to the point of 
practically eliminating oxidative degradation at temper 
atures of 500 degrees Fahrenheit and above. It has been 
found for example that very little, if any, bulk property 
changes occur in the polyfluoroalkoxy-substituted triazine 
formulations embodying the aryltin additives after oxida 
tion exposure at 475 and 500 degrees Fahrenheit as com 
pared with the immobile residue which remained after 
similar exposure of these neat fluids without the additiv 
combined therewith. 
While both the perfluorinated aryltin additives and their 

hydrogen analogs result in substantial improvements in 
the high temperature oxidation resistance of the neat 
fluids in question, the perfluorinated additives have been 
found to be capable of more advantageous use in a variety 
of situations, probably because they are more soluble in 
the fluorinated alkoxy-triazines at room temperature 
whereas the non-fluorinated additives are soluble only at 
elevated temperatures. The unobviousness of the im 
provements gained by the practice of the within invention 
is corroborated by the fact that perfluorinated aryl-phos 
phorus and perfluorinated arylgermanium compounds are 
not effective in reducing oxidation of the polyfluoroalk 
oxy-substituted triazines at temperature of 475 degrees 
Fahrenheit and the fact that the non-fluorinated arylin 
additives have not improved the performance of lubricants 
based upon other neat fluids such as the aliphatic hydro 
carbon types at temperatures substantially above the 400 
degree Fahrenheit level. Similarly, the use of a perflu 
orinated arylphosphorus additive was not as effective as 
a perfluorinated aryltin compound in substantially reduc 
ing the oxidation of phosphonitrile neat fluids at elevated 
temperatures. 



3. 
In specific embodiments of the present invention in 

volving polyfluorinated alkoxy-Substituted triazines, 2 
(1,1,7 - trihydro - perfluoroheptyloxy) - 4,6-bis(1,1,5-tri 
hydro - perfluoropentyloxy) - S-triazine, 2-(1,19-trihydro 
perfluorononyloxy) - 4,6-bis(1,1,5-trihydro-perfluoropen 
tyloxy) - S - triazine and 2,4,6-tris (1,1-dihydro-perfluoro 
butyloxy)-s-triazine were employed as a neat fluid with 
which a minor proportion on the order of 0.5 weight 
percent of the total composition was represented by a 
perfluorinated aryltin additive such as tetra (pentafluoro 
phenyl) tin. While the precise weight percent of the 
aryltin additive is not critical, it is preferably and most 
advantageously employed in the range of from 0.1 to 5.0 
Weight percent of the total lubricant formulation. 
As a demonstration of the improvements provided by 

this invention, the above-specified polyfluorinated alkoxy 
substituted triazines with which 0.5 weight percent (based 
upon the weight of the total composition) of tetra (pen 
tafluorophenyl)tin admixed by stirring at elevated tem 
peratures, were tested by bubbling dry air at the rate of 
twenty liters per hour through a twenty milliliter sample 
of the lubricant formulations for twenty-four hours at 
temperatures of 475 degrees Fahrenheit and 500 degrees 
Fahrenheit. At the conclusion of the tests the formula 
tion had little or no bulk property changes and only 
yellowed. By way of comparison, the same neat fluids 
without the aryltin additives severely decomposed result 
ing in much fluid loss and a residue which did not flow 
at room temperature. More specifically, the arytin addi 
tive-containing formuations after twenty-four hours ex 
posure to the above test conditions underwent a fluid loss 
of within the range of from 11.0 to 15.4 percent and a 
viscosity increase within the range of from 0 to 33.1 
percent at 100 degrees Fahrenheit. The same fluids 
without the additives on the other hand Suffered fluid 
losses of from 72.9 to as high as 85.5 percent at the 475 
degree exposure and the fluids were not mobile at room 
temperature and only a glassy solid remained after the 
test. 

By way of further specific example of the improve 
ment gained, where the 2,4,6-tris(1,1-dihydro-perfluoro 
butyloxy)-s-triazine, with a melting point of from 226 to 
232 degrees Fahrenheit was exposed to the micro-oxida 
tion tests involving the bubbing of dry air at the rate of 
twenty liters per hour through the sample for four hours 
at 475 degrees Fahrenheit, the base fluid without any 
additive underwent a fluid loss of 28.9 percent, a viscosity 
increase at 247 degrees Fahrenheit of 124 percent and a 
neutralization number increase in milligrams of KOH per 
gram of sample of 13.6, whereas the same fluid with 0.5 
weight percent of tetra (pentafluorophenyl)tin admixed 
therewith and exposed to the same test conditions, dem 
onstrated a fluid loss of only 1.4 percent, a viscosity 
change at 247 degrees Fahrenheit of -4.0 percent and a 
neutralization number increase in milligrams of KOH 
per gram of sample of 0.1. Still another facet of the 
improvements and advantages gained by the use of the 
aryltin additives with the polyfluoroalkoxy-substituted 
triazine derivatives has been demonstrated by micro 
oxidation-corrosion tests wherein the lubricant formula 
tion, in which five different metal specimens were im 
mersed, was exposed to twenty liters per hour of dry air, 
lbubbled through the fluid and over the metal specimens 
at 500 degrees Fahrenheit for twenty-four hours. Where 
a lubricant formulation comprising 2-(1,1,7-trihydro 
perfluoroheptyloxy) - 4,6-bis(1,1,5-trihydroperfluoropen 
tyloxy)-s-triazine and a tetra (pentafluorophenyl)tin addi 
tive, the latter representing 0.5 weight percent of the 
total formulation, was subjected to this test, the fluid loss 
was only 8.1 percent, the viscosity increase at 100 degrees 
Fahrenheit was only 2.7 percent, there was no neutraliza 
tion number change in milligrams of KOH per gram of 
Sample, and there were no insolubles formed. More 
over, the metal weight loss at the conclusion of the test 
was found to be only 0.03 milligram per square centi 
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4. 
meter on the 301 stainless stec, only 0.01 milligram per 
square centimeter in the use of either an aluminum alloy 
or M-10 tool steel specimen, only 0.03 milligram per 
Square centimeter in the case of a titanium alloy speci 
men and only 0.13 milligram per square centimeter ini 
the case of a silver specimen. Beyond this, at the end 
of the tests the aluminum alloy and silver showed no 
stains, whereas the stainless steel, titanium alloy and 
tool steel showed only a very slight to moderate stain. 
The lubricant formulation slightly browned in some in 
stances during the test but in all cases remained clear. 
Thus it can be seen that the triazine-aryltin formulations 
undergo only negligible viscosity changes and there are 
no serious effects upon the metals of the type in connec 
tion with which such lubricants are likely to be used 
even after the prolonged exposures at 500 degrees Fahren 
heit. 

In similar tests, the antioxidant capability of the per 
fluorinated aryltin additives was dramatically illustrated 
when they were combined with a polyfluorinated alkoxy 
Substituted cycic triphosphonitrile such as trimeric bis 
(1,1,5 -- trihydro - perfluoropentyloxy) pnosphonitrile. 
While the substituted phosphonitrile neat fluid degraded 
significantly at 500 degrees Fahrenheit, the formulated 
fluid containing the aryltin additive in the approximate 
Weight proportion of 0.5 percent based upon the total 
'composition had only about one-half the viscosity in 
crease after exposure to the oxidative degrading condi 
tions at 500 degrees Fahrenheit. By way of specific 
example, this particular polyfluorinated alkoxy-substi 
tuted cyclic triphosphonitrile containing the 0.5 weight 
percent of tetra (pentafluorophenyl)tin was exposed for 
twenty-four hours to the bubbling therethrough of dry 
air at the rate of twenty liters per hour at a temperature 
of 500 degrees Fahrenheit. While the base fluid with no 
aryltin additive demonstrated a fluid loss at the end of 
the test period of 25.9 percent, a viscosity increase at 
100 degrees Fahrenheit of 138 percent and a neutraliza 
tion number increase in milligrams of KOH per gram of 
sample of 0.1, the same base fluid with 0.5 weight per 
cent (based upon the weight of the total formulation) of 
the tetra (pentafluorophenyl)tin admixed therewith dem 
onstrated a fluid loss of only 11.1 percent and a viscosity 
increase at 100 degrees Fahrenheit of only 62.4. By way 
of comparison, this same neat fluid when admixed with 
0.5 Weight percent of tri(pentafluorophenyl)phosphine 
and exposed to the same test conditions for the same 
length of time had a fluid loss of 20.1 percent and a 
viscosity increase at 100 degrees Fahrenheit of 104 per 
cent. 
Thus it has been demonstrated that the oxidative sta 

bility of the polyfluoroalkoxy-substituted triazines and 
the polyfluoroalkoxy-Substituted cyclic triphosphonitriles 
at temperatures of 475 degrees Fahrenheit and 500 de 
grees Fahrenheit is greatly enhanced by the incorporation 
there with of minor amounts of perfluorinated aryltin 
additives. W 

While the within invention has been described in con 
nection with certain specific examples and embodiments 
thereof, it is to be understood that the foregoing par 
ticularization is for the purpose of illustration only and 
does not limit the scope of the invention as defined in the 
Subjoined claims. 
We claim: 
1. An improved high-temperature, oxidation-resistant 

lubricant formulation comprising a major weight pro 
portion of a polyfluoroalkoxy-substituted heterocyclic 
base fluid selected from the group consisting of polyfluo 
roalkoxy-Substituted triazines and polyfluoroalkoxy-sub 
stituted cyclic triphosphonitriles and a minor weight pro 
portion of a perfluorinated aryltin compound admixed 
therewith. 

2. A lubricant formulation according to claim 1 where 
in said polyfuoroalkoxy-Substituted heterocyclic neat 
fluid is one of that class which consists of 2-(1,1,7-trihy 
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dro - perfluoroheptyloxy)-4,6-bis(1,1,5-trihydro-perfluo 
pentyloxy) - s-triazine, 2-(1,19-trihydro-perfluorononyl 
oxy) - 4,6-bis(1,1,5 - trihydroperfluoropentyloxy)-s-tri 
azine and 2,4,6-tris(1,1 - dihydro-perfluorobutyloxy)-s- 
triazine. 

3. A lubricant formulation according to claim 1 where 
in said polyfluoroalkoxy-substituted heterocyclic neat 
fluid is trimeric bis(1,1,5-trihydro-perfluoropentyloxy) 
phosphonitrile. 

4. A lubricant according to claim 1 wherein said per 
fluorinated aryltin compound is tetra (pentafluorophenyl) 
tin. 
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