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(57) ABSTRACT 

A lubricant composition comprises a perfluorinated poly 

alkylether base fluid (PFPAE) and an oxidation-corrosion 
inhibiting amount of a perfluoro-substituted benzothiazole 
or bis-benzothiazole. The benzothiazole compound additive 
exhibits excellent solubility in the base fluid and possesses 
outstanding low volatility characteristics. As a result, the 
lubricant composition functions as a noncorrosive, stable 
material suitable for long term applications over a wide 
temperature range (-65° F to >600 F) in an oxidative 
environment. 

The perfluoro-substituted benzothiazoles and bis-benzothia 
zoles have the formula: Q-R or Q-R-Q, wherein Q is 

S 

N 

wherein R is a linear or branched perfluoroalkylether group 
containing at least one ether linkage and R is a linear or 
branched perfluoroalkyleneeher group containing at least 
one ether linkage. 

In formulating the lubricant composition of this invention, 
an oxidation-corrosion inhibiting amount of the substituted 
benzothiazole is dissolved in the PFPAE base fluid. The 
amount of the benzothiazole employed generally ranges 
from about 0.05 to 5.0 weight percent, preferably about 0.5 
to 2.0 weight percent, based on the weight of the base fiuid. 
This provides a lubricant containing an amount of oxidation 
corrosion inhibiting additive that is adequate for long term 
applications at elevated temperatures while maintaining 
excellent formulation stability after storage at low tempera 
tures for long periods of time. 

14 Claims, No Drawings 

A statutory invention registration is not a patent. It has 
the defensive attributes of a patent but does not have the 
enforceable attributes of a patent. No article or adver 
tisement or the like may use the term patent, or any term 
suggestive of a patent, when referring to a statutory 
invention registration. For more specific information on 
the rights associated with a statutory invention registra 
tion see 35 U.S.C. 157. 
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PERFLUORNATED POLYETHER 
LUBRICANT COMPOSITIONS 

RIGHTS OF THE GOVERNMENT 

The invention described herein may be manufactured and 
used by or for the Government of the United States for all 
governmental purposes without the payment of any royalty. 

BACKGROUND OF THE INVENTION 

This invention relates to oxidation-corrosion inhibitors 
for perfluoropolyalkylether fluids. 

Highly fluorinated compounds have long been of interest 
because of their excellent potential for high temperature 
applications. Fluids based on perfluoropolyalkylethers 
(PFPAE) have, in addition to high thermal and oxidative 
Stability, a wide liquid range which make them ideal can 
didates for aerospace applications. These fluids consist 
essentially of a mixture of fluorinated polyethers. These 
fluids have the general formulae: 

wherein R is a lower perfluoroalkyl group, such as CF, 
CF, CF, and the like, wherein Z is -CXCX-O-, 
-CXCXCX-O-or -CXOCXCXO-, where X is 
-F, -CF, -CFs and the like, and m has a value of 5 to 
50; or 

wherein Y is -CFXO-, wherein X, R and Z are as 
previously defined, and n and p are integers whose sum is 
between 5 and 200 and the ratio of p to n is between 0.1 and 
10, and wherein the Z and Yunits are statistically distributed 
along the PFPAE chain. Commercial base fluids have been 
available for some time, for example, Krytox (DuPont), 
Fomblin' (Ausimont), Demnum" (Daikin) and the like. 
Their practical utility in aerospace and military applications 
has been hampered by the wear and corrosion of certain 
metal components exposed to these base fluids under 
extreme conditions. 

Deficiencies in base fluids are generally removed and the 
performance of the fluids improved by the use of additives. 
Conventional additives developed for the improvement of a 
variety of specific properties of hydrocarbon base fluids are 
generally not suitable for perfluorinated fluids. These con 
ventional additives are not soluble in perfluorinated fluids 
and are ineffective. One way of overcoming this incompat 
ibility is to synthesize compounds containing fluoroalky 
lether groups plus selected functional groups for specific 
activity. Although this approach may make the compound 
soluble in a fluorinated base fluid, mere replacement of 
hydrocarbon groups with fluorocarbon groups can change 
the useful properties of the additive itself by changing the 
properties of the critical functional group present in the 
additive. These difficulties are well known to those familiar 
with the art. In spite of these difficulties, a few useful 
additives have been developed for perfluorinated fluids. One 
such example is the development of PFAE substituted 
triphenylphosphines, C. E. Snyder, Jr. and C. Tamborski, 
U.S. Pat. No. 4,097.388. These additives, when dissolved in 
PFPAE fluids, have significantly reduced the corrosion of 
certain metal components exposed to the fluid at high 
temperatures in an oxidative environment. 
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Jones et al., U.S. Pat. No. 3,666,769, issued May 30, 1972, 

disclose certain substituted benzothiazoles having in their 
2-position a perfluoroalkyl, pefluoroaryl, perfluoro(alkoxy 
alkyl), perfluoro(aryloxyalkyl) or a polyoxyperfluoroalky 
lene substituent free of either olefinic or acetylenic unsat 
uration. These substituted benzothiazoles are very stable to 
high temperatures and are useful as turbine fluids, hydraulic 
fluids, iubricants, solvents and heat-transfer fluids. 
We have discovered that these substituted benzothiazoles 

can be employed in small quantities to enhance the stability 
of fluorinated base fluids. 

Accordingly, it is an object of this invention to provide 
perfluorinated fluids having improved stability properties. 

Another object of this invention is to provide novel 
stability enhancing additives for perfluoropolyalkylethers. 

Other objects and advantages of the invention will be 
apparent to those skilled in the art. 

SUMMARY OF THE INVENTION 

The present invention resides in a lubricant composition 
comprising a perfluorinated polyalkylether base fluid and an 
oxidation-corrosion inhibiting amount of a perfluoro-substi 
tuted benzothiazole. The benzothiazole compound additive 
exhibits excellent solubility in the base fluid and possesses 
outstanding low volatility characteristics. As a result, the 
lubricant composition functions as a noncorrosive, stable 
material suitable for long term applications over a wide 
temperature range (-65° F to >600 F) in an oxidative 
environment. 

The perfluoro-substituted benzothiazoles used as corro 
sion inhibitors in the lubricant composition of this invention 
have the following formula: 

Q-R or Q-R-Q 

wherein Q is 

S 

N 

wherein R is a linear or branched perfluoroalkylether group 
containing at least one ether linkage and R is a linear or 
branched perfluoroalkyleneether group containing at least 
one ether linkage. R and R. preferably contain at least two 
ether linkages. 

Examples of the perfluoroalkyleher and perfluoroalkyle 
neether groups include the following wherein R can be 

cForcrof- or CF50(CFO)CF 
CF CF 

wherein X has a value of 1 to 20, preferably 3 to 8; and 
wherein R can be 

-Cochistocroscoff 
CF CF CF CF 

wherein X is as defined above, and y and z. each has a value 
of 1 to 20, preferably 1 to 5. 

In formulating the lubricant composition of this invention, 
an oxidation-corrosion inhibiting amount of the substituted 
benzothiazole is dissolved in the PFPAE base fluid. The 
amount of the benzothiazole employed generally ranges 
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from about 0.05 to 5.0 weight percent, preferably about 0.5 
to 2.0 weight percent, based on the weight of the base fluid. 
This provides a lubricant containing an amount of oxidation 
corrosion inhibiting additive that is adequate for long term 
applications at elevated temperatures while maintaining 
excellent formulation stability after storage at low tempera 
tures for long periods of time. 
The benzothiazole-substituted perfluoroalkylethers and 

perfluoroalkyleneethers are prepared by procedures known 
in the art. One convenient synthesis is given by Jones et al, 
U.S. Pat. No. 3,666,769, as shown by the following reaction 
Sequence: 

Condensation Step (A) 

NH, f 
+ R-C-X -Ge. 

SH 

O 

NH-C-R 

SH 

Cyclization Step (B) 

O 

heat G O )-R, 
SH S 

The perfluoroalkyleneether bis-benzothiazole can be pre 
pared in similar manner. 
The following examples illustrate the invention: 

EXAMPLE I Synthesis of Q-R-Q, wherein R 
is 

-FOCFOCF).ogFCFor 
CF, CF CF CF 

wherein y+z is 3. 
To a solution of 11.7 g (93.2 mmol) of 2-aminoben 

Zenethiol in 75 ml of anhydrous dietheyl ether was added 
25.0 g (23.3 mmol) of the diacid fluoride 

FC(O) -FOCFF).0CF).orgFCFor -C(O)F, 
CF, CF CF CF 

wherein y-- Z is 3, over a period of 30 minutes. A mild 
exothern was observed during the addition. The reaction 
mixture was refluxed for 3 hours with stirring. Stirring was 
then continued at room temperature for an additional 20 
hours. At the end of this period, the amine salts had 
separated as a white solid. This solid was filtered off and the 
filtrate was treated with 2N HCl (3x100 ml) and phase 
separated. The ether layer was washed with water (2x100 
ml), phase separated, dried over anhydrous magnesium 
sulfate and the solvent removed. 28g of crude product was 
obtained as a yellow liquid. 
The crude product (28 g) was heated with 15 g of 

polyphosphoric acid (PPA) at 200–250° C. for 2 hours, while 
stirring the mixture vigorously. Distillation of the reaction 
mixture yielded 23 g of the bisbenzothiazole (yield, 79%; 
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4 
b.p. 197 C/0.03 mm Hg). The infrared spectrum of the 
product did not show any absorption due to NH or C=O 
groups and was consistent with the expected structure. 

EXAMPLE II 

Alubricant composition was formulated using a base fluid 
of the formula 

wherein R is a perfluoroalkyl group of unspecified length, 
but probably having 1 or 2 carbon atoms, and q and r are 
integers such that the fluid has a kinematic viscosity of 17.56 
cSt. at 100°F. This base fluid was Fomblin Z, manufactured 
by Monticatini Edison of Milan, Italy, and was from the 
Brayco line of perfluoroalkylether fluids. One weight per 
cent of a benzothiazole-substituted perfluoroalkylether of 
the formula: 

S CF CF 

synthesized following the procedure given in Jones et al, 
above, was mixed into the base fluid. 
A series of ferrous alloy coupons were immersed in the 

the inhibited fluid composition prepared above. For com 
parison, tests were also carried out in which specimens were 
immersed in base fluid which did not contain the oxidation 
corrosion inhibiting additive. Air was bubbled through the 
Fomblin Z, both inhibited and not inhibited, at the rate of 
one liter per hour for 24 hours. Tests were conducted at 
constant temperatures of 525 F, 550° F and 575° F. The 
alloy specimens as well as the test apparatus were weighed 
before and after each test. The data obtained are set forth in 
Table I, below. 

TABLE 

BASE 
FLUID FORMULATED FLUID 

PROPERTIES 52.5oE. 525° E. 550° E. 5750 F. 

Kinematic Viscosity -72.8 +0.50 --0.20 +0.86 
Change at 100 F (%) 
Acid Number Change 36.2 <0.05 <0.05 a0.05 
(mg KOH/g) 
Fluid Loss (wt.%) 48.7 0.00 0.00 0.00 
Metal Weight Change 
(mg/cm) 

4140 Steel +0.07 -0.01 --0.3 0.53 
52100 Bearing Steel +0.13 +0.06 0.04 +0.02 
40 Stainless Steel -0.9 +0.05 +0.04 0.00 
M-50 Tool Steel +0.08 +0.08 +0.04 +0.65 
440C Stainless Steel +0.14 0.00 -0.05 -0.03 
Fluid Appearance Clear Clear Clear Clear 

yellow yellow 

EXAMPLE III 

Alubricant composition was formulated using a base fluid 
of the formula 

FiFCFOR, 
CF 
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wherein R is a perfluoroalkyl group of unspecified length, 
but probably having 2 carbon atoms, and s is an integer such 
that the fluid has a kinematic viscosity of 282 cSt. at 100°F. 
This base fluid was Krytox 143 AC fluid, a produce of E I 
dupont de Nemours Co., Wilmington, Del. One weight 
percent of a benzothiazole-substituted perfluoroalkylether of 
the formula: 

N 10 

)- F-(OCFCFOCFCFCF 
S CF, CF 

was mixed into the base fluid. 15 
A series of ferrous alloy coupons were immersed in the 

the inhibited fluid composition prepared above. For com 
parison, tests were also carried out in which specimens were 
immersed in base fluid which did not contain the oxidation 
corrosion inhibiting additive. Air was bubbled through the 
Krytox 143 AC, both inhibited and not inhibited, at the rate 
of one liter per hour for 24 hours. Tests were conducted at 
constant temperatures of 600 F and 625 F. The alloy 
specimens as well as the test apparatus were weighed before 25 
and after each test. The data obtained are set forth in Table 
II, below. 

20 

TABLE II 

FORMULATED 30 
BASE FLUID FLUID 

PROPERTIES 600°F. 625 F. 600°F. 625 F. 

Kinematic Viscosity +0.27 -4.71 +2.90 +3.90 
Change at 100° F (76) 35 
Acid Number Change 0.05 0.10 0.02 0.02 
(mg KOH/g) 
Fluid Loss (wt.%) 10.62 22.60 0.00 0.10 
Metal Weight Change 
(mg/cm) 

40 
4140 Steel -0.80 -5.42 --0.48 +0.38 
52100 Bearing Steel +0.81 -10.52 +0.08 +0.24 
410 Stainless Steel -5.27 -7.73 0.00 +0.03 
M-50 Tool Steel -1.4 - 7.78 +0.04 +0.67 
440C Stainless Steel -5.23 -10.76 0.02 +0.1 
Fluid Appearance Clear Clear Clear Clear 45 

with with Straw yellow 
ppt. ppt. color color with 

fine ppt. 

50 

EXAMPLE IV 

A lubricant composition was formulated using the Fom 
blin Z base fluid referred to in Example II. One weight ss 
percent of the bis-benzothiazole prepared in Example I was 
mixed into the base fluid. 

A series of ferrous alloy coupons were immersed in the 
the inhibited fluid composition prepared above. Air was 
bubbled through the inhibited fluid at the rate of one liter per 
hour for 24 hours. Tests were conducted at constant ten 
peratures of 550 F. and 575 F. The alloy specimens as well 
as the test apparatus were weighed before and after each test. 
The data obtained are set forth in Table III, below, along with 65 
data from Example II, Table I, for the base fluid which did 
not contain the oxidation-corrosion inhibiting additive. 

60 
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TABLE II 

FORMULATED 
BASE FLUID FLUID 

PROPERTIES 525° F. 550 F. 5750 F. 

Kinematic Viscosity -T2.8 +0.40 +1.15 
Change at 100° F (%) 
Acid Number Change 36.2 <0.00 0.00 
(mg KOH/g) 
Fluid Loss (wt.%) 48.7 0.00 0.00 
Metal Weight Change 
(mg/cm) 

440 Steel +0.07 0.00 --0.24 
52100 Bearing Steel 0.13 0.00 -0.27 
410 Stainless Steel -0.9 0.00 0.00 
M-50 Tool Steel +008 +0.09 -0.12 
440C Stainless Steel +0.14 -0.04 0.00 
Fluid Appearance Clear Clear Clear 

yellow yellow 

The data in Tables I-III clearly demonstrate that the 
lubricant compositions of this invention have little, if any 
corrosive effect on ferrous alloys. Further, there was insig 
nificant degradation of the base fluids themselves at the 
elevated temperatures of the tests. 

Various modifications may be made to the invention as 
described without departing from the spirit of the invention 
or the scope of the appended claims. 
We claim: 
1. A lubricant composition comprising a perfluorinated 

polyalkylether base fluid and an oxidation-corrosion inhib 
iting amount of a perfluoro-substituted benzothiazole. 

2. The composition of claim 1 wherein said perfluoro 
substituted benzothiazole has the formula Q-R, wherein Q 
1S 

S 

N 

and wherein R is a linear or branched perfluoroalkylether 
group containing at least one ether linkage. 

3. The composition of claim 1 wherein the amount of said 
substituted benzothiazole is about 0.05 to 5.0 weight per 
Cent. 

4. The composition of claim 1 wherein the amount of said 
substituted benzothiazole is about 0.5 to 2.0 weight percent. 

5. The composition of claim 2 wherein R is 
choicrof- whereinx has a value of 1 to 20. 

CF CF 

wherein X has a value of 1 to 20. 
6. The composition of claim 2 wherein R is 

wherein X has a value of 1 to 20. 
7. The composition of claim 5 wherein said base fluid has 

the general formula F(CFCFO),(CFO)R wherein R is 
a perfluoroalkyl group having 1 or 2 carbon atoms, and q and 
rare integers such that the fluid has a kinematic viscosity of 
17.56 cSt. at 100 F and wherein said X has a value of 3. 



H1537 
7 

8. The composition of claim 5 wherein said base fluid has 
the general formula 

FCFOR, 
CF 

wherein R is a perfluoroalkyl group having 1 or 2 carbon 
atoms, and s is an integer such that the fluid has a kinematic 
viscosity of 282 cSt. at 100 F and wherein said X has a 
value of 3. 

9. A lubricant composition comprising a perfluorinated 
polyalkylether base fluid and an oxidation-corrosion inhib 
iting amount of a perfluoro-substituted bis-benzothiazole. 

10. The composition of claim 9 wherein said perfluoro 
substituted bis-benzothiazole has the formula Q-R-Q, 
wherein Q is 

S 

-K 
N 

and wherein R is a linear or branched perfluoroalkyle 
neether group containing at least one ether linkage. 

O 

15 

20 

8 
11. The composition of claim 9 wherein the amount of 

said substituted bis-benzothiazole is about 0.05 to 5.0 weight 
percent. 

12. The composition of claim 9 wherein the amount of 
said substituted bis-benzothiazole is about 0.5 to 2.0 weight 
percent. 

13. The composition of claim 10 wherein R is 

-FOCE FOCE)orcroft– 
CF CF CF CF 

wherein y+z is 3. 
14. The composition of claim 9 wherein said base fluid 

has the general formula F(CFCFO),(CFO)R wherein R 
is a perfluoroalkyl group having 1 or 2 carbon atoms, and q 
and r are integers such that the fluid has a kinematic 
viscosity of 17.56 cSt. at 100° F and wherein R is 

-FOCFOCF).ogrCF.off 
CF CF, CF CF 

wherein y+ z is 3. 


