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AF INV 13763
John B. Christian et al

GREASY. COMPOSITIONS

RIGHTS OF TUE GOVERMMENT

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 rovalty.

FIELD OF THE INVENTION
> 1his invention relates to grease compositions containing
additives which inhibit rust and corrosion in high humidity and
high temperature environments. —, 2

BACKGROUND OF THE INVENTION

Primarily because of their thermal stability, it has been
recognized that polyfluoroalkylether fluids have a great potential
for use as lubricants. For example, the prior art discloses greases
formulated from such fluids and thickeners such as a fluorinated
copolymer of ethylene and propylene or a polymer of tetrafluoro-
ethylene. These greases have proven to be useful as lubricants
over a wide range of temperatures, e¢.9., as low as -40°F and as
high as 600°F. Although the greases have been found to possess
superior lubricating characteristics, their utility has been limited
by their inability to provide rust preventive properties whea used
as a lubricant for ferrous metals under conditions of high humidity
and mild temperatures (below 212°F). Their utility has also been
limi{ted by their inability to provide anticorrosion properties
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when employed as lubricants for ferrous metals under conditions
of high termperature (above 450°F).

In U.S. Patent Ho. 4,132,660, issued to us on January 2, 1979,
there is disclosed a grease composition containing a perfluorinated
polvalkylether hase fluid and a fluorine-containing benzoxazole as
a rust and corrosion inhibitor. While the patented grease composi-
tion 1s effective in overcoming the above-discussed problem, it
would be desirable to have other greases possessing outstanding
antirust anc¢ anticorrosion properties.

It is an object of this ianvention, therefore, to provide a new
and improved grease composition based upon a polyfluorcalkylether
fluig.

Another object of the invention is to provide a grease compo-
sition possessing antirust properties while lubricating ferrous
metals under conditions of high humidity and mild tempaeratures.

A further object of the invention is to provide a grease
having anticorrosion properties while lubricating ferrous matals
in high temperature environments.

Other objects and advantages of the invention will beocome
apparent to those skilled in the art upon consideration of the
accompanying disclosure.

SUMMARY OF THE INVENTION ’

The present invention resides in the discovery that the addi-
tion of a small gquantity of certain bensimidascles to a
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polyfluoroalkylether base fluid and a thickener therefor provides
a qrease having unexpectedly outstanding properties. Thus, the
raesulting grease composition inhibits rust formation when utilized
as a lubricant for ferrous metals under mild temperature and high
hunidity conditions. Furthermore, the grease inhibits corrosion
when used as a lubricant for ferrous metals under high temperature
conditioni. &Ut .

rn—a-%?re specifiguenbed&ment, the present invention is con-
cerned with a grease composition comprising (1) a major amount of a
polyfluoroalkylether base fluid, (2) a minor amount of a thickener
for the base fluid, and (3) a rust and corrcsion inhibiting amount
of a benzimidazole. <__

More specifically, the grease composition consists essentially
of (1) about €5 to 72 weight percent of base fluid, (2) about 26.5
to 34.5 weight percent thickenar, and (3) about 0.5 to 1.5 weight
percent benzimidazole, based upon a total of 100 weight percent.
The benzimidazoles can Le used in larger amounts, but use of the
larger quantities provides no added advantages. However, it is
usually preferred to ermploy at least 1 weight percent of the ben-
zimidazole. It has been found that when less than 1 weight percent
of the additive is utilized, the grease provides less protection
to ferrous metals under conditions of high humidity and mild tem
perature or under conditions of high temperature. The thickener
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can be used in smaller or larger arounts with corresaponding larger
or sraller anounts of the base fluld tc uroduce softer or thicker

greases without Jecrading the properties of the oreasas.

In general, any suitahble polyfluoroalkylether can he used as a

vase fluid in formulating a corease of this invention. However, it

i3 preferred to utilize Lase fluids haviance the following structural

forrulas:
(a) L3"7O(?Fcyzo)up ,
CF3

in winich R' is a verfluorcalkyl aroup containinu 2 or 2 carosom

ators, and n is an integer rancine from 5 to %5, inclugive. cvrefer-

ably fror 12 to 44, inclusive;

(L) « 0O (-C3F6'O )P'-(C'F2 O)G-( C2F4~0') 7z,

R

in waich C4F anad C2F4 are perfluoroalkylene groups having the

structure -CF., CF and CF2~CF2

CF3

. resgrectively, and the three déif

ferent cerfluorcalrylene units are randomly distributed along the

chain, P, {; and R are average indices of corposition and only ?

and/or R can be zaro, the sum P+04R has a valuc between 2 and 200,

the ratio P/(0+R) has a value of from 0 to 50, the ratio R/Q has a

value of from 0 to 19, X and Y are terminal groups selected from

the group consisting of ~CF,. -Czrs, ~c3r7 and -?r~o~cr3 provided
CP3

that both terminal groups X and Y are -CF, when both indices P and

3
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R are equal to zero, the terminal groups are the same or different
from each other and are selected from the group consisting of »CFB
and C2P5 when only index P is zerc, and when P is different from
zero, the two terminal croups are the same or different from each
other ané selected from the group consisting of ~C?3, <C2F5 and
-C3F7, or one of the terminal groups may be wCF3O-C.:!-"~: or

(c) RO(CE,CF,0) (CF0) R, CF,
in which Re is CF, or C,Fg, X ané y are integers whose sunm is
Lbetween 2 and 2450 and the ratio of v to x i3 retween 0.1 and 10.

The value of n of corpound (a) is usually such that the com
poundé has a kirematic viscosity rangine from about 1£ to 322 cen-
tistokes, preferably about 27C centistokes, at 100°F. The values
of P, 2, and P of compound (b) are generally such that the com-
pound has a kinematic viscosity ranging from about 4 to 520 centi-
stokes, proferably about 90 centistokes, at 100°r. The values of
¥ and y of compound (¢) are often such that the compound has a
kinematic viscosity of about 130 centistokes at 100°F.

Perfluorinated polyalkylethers corrasponding to the aforemen-
tioned formulas are commercially availahle compounds that are des-
cribed in the literature. Por a detailed description of methods
for preparing the compounds, referance may be macde to U.S. Patent
Ho. 3,242,218 for ocompounds corresponding to formula (a), to U.S.

Patent No. 3,665,041 for compounds corresponding to compound (b),
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and to U.S. Patent 'lo. 3,715,372 for compounds corresponding to
foxmula (¢).

As a thichenar, it is usuvally preferred to utilize a fluori-
nateé otaylene nropylene coiwlymer or polytetrafluoroethylene. The
copolynmer generally has a molecular welght of al.out 120,000 to
18C,000. preferatly about 140,000 to 160,093, and a density of
about 2.3% to 2.47 g/cc. The polytetrafluorocethylene usually has
a meclecular welght of about 2200 to 50,00¢, »referably about 10,000
to 50,008, anéd a density of alout 2.15 to 2.28 q/cc. These poly-
neric thickeners are well known naterials that are described in the
literature.

The tenzirmidazole antirust and anticorrosion additives usecd

in the grease compositions have the following structural formula:

N§§t»a,
yd

H
H

wherein R is H, hydrocarbon alkyl, hydrocarbon aryl. perfluorocalkyl
or perfluorocalkyleneether. FExamples of hydrocarton alkyl and per-
fluoroalkyl cgroups include those having the formulas c‘nza’l and
C‘P2a+1, respectively, where a is an integer from 1 to 10, inclu-
sive. Examples of hydrocarbon aryl groups include phenyl, biphenyl,
tolyl, xylyl, and naphthyl. Suitable perfluoroalkylensether groups
include crz(ocrzcrz)yoczrs, where y is zero or an integer from 1 to
10, inclusive, and cr(cra)[ocrzcr(cr3)]'oc3r7, where z is zero or

an integer from 1 to 10, inclusive.
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Procecdures for oreparine the ienzirddazole additives in whien
R is hydronen, hvirocarbor alvryl. hydrocarton aryl and perfluoro
alkvl are cescriled in the literatura. o.a, in Tlcerfield's
“tetarocyeclic Compounds™, Jonn Yiley and Sons, lew Yord, llew Yorl.
An ezxenclary procedure diszclosed in the litorature for preparing

various 2-sulsgtituted lenziridazoles can e representea by tie

follecwinsg formulas

ot i
£ w'ni o+ + P (1)
i i
0
L © K CR
@( + noCl o+ Licl 4+ CO:( (2)
0
PP S Tr.C ]
s 3
K

In equation (1), r'ii can re any suitadle organoclithium compounc.
e.q., one in which P*' is Ci, . C,7,- or C %, . hs seen from cqua

M ]

0
tion (2), the aci” chloride RCCl is the source of the R group,

which can he, for example, a hydrocarion alkyl. a hydrocarbon aryl

or verfluorcalkyl group.
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A procedure descrihed in the literature for preparing 2-sul-
stituted Lenzimidazoles in which R is hydrocarbon alkyl can be

represented by the following equation:

i 2,0 %
2
+ RCOL E T ) Xc-r
RE n’/

As een from thie eguation, o-dlaminolienzene 1is reacted directly
with: an aliphatic acid to give the benzimidazole.

The benziridazoles in which R iz a perfluorcalkyleneether
radical are new compounds which can be prepared by a process which
igs not described in the literature. The process involved in their

preparation is illustrated by the following eguation:

"m i -

(::]::““ +  RC-OCH, [T ... (::]::'*§C—R
i HFIP i
i (11) E
(1) (I11)

Ag shown lLv the foregoing equation, o-diaminobenzene (I) is reacted
with imidate ester (II) in the presence of glacial acetic acicd
{3AC) , utilizing hexafluoroisopropanol (EFIF) as the reaction
medium. The reaction temperature usually ranges from about 45 to
50°C. The reaction time usually ranges from about 1 hour to 4 or
5 days.
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Te 3w aocn frep bhe Foroceine acuaticn that the L oarvowr i
Corivec frens 4oer todcote asteyr (TIY. 0 ne inicate ostors are oell

LnOWn conoovacs that are acogceritaad in the literaturs.  For orar 1o

Fellewine e rogodnya dascritesd e . 0L Trown ana €. R, Tairel
i gJournal of Craanic Chemistry. 3G, 724 (17205), a variety of

imicate estsra can ftw synthesizad from a variety of fluorine
containineg aitrilas, ille the process is particularly suitanloe
for rreparing 2 substitute? lenzirddazcle acdcditives in which: R is a
serfluornalivylencather as descrilad arove. it can also e emwleoyec
to svnthesize lenzimicdazoles in which R is 2 perfluorcalivl
(CaF2a+l)' A ore complete discussion of the gynthesis of the
fluorine containira renzimidazoles can be obtained Iy referrin- te
our covenadine U.3. epnlication Serial ¥Wo. (Inv. Fe. 13,83)), filed
o . 1976, ¢he disclosure of which is incorporatern
herais: Ly refirence.

A more comprehbensive uncderstanding of the invantion can e
obtained 'y referring to the followine illustrative crxamples which
are not intonded, however, to e unduly limitative of the invention.

YAMPLE T

A saries of runs was carried out in which grease compositions
of this invention were formulated and tested. As a base fluid
there was used a polyfluorocalkylether having the following formula:

c3r70(g?crzo)nc2rs,
¥y
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witdre n is an integer having a value such that the flulid has a
iwinematic viscosity of 270 centistokes at 150°F. The nhase fluid was
srytox 143AC £fluld. a product of 7. I. cdufont de HNemncurs and Cor
cany, Vilmington, elaware. The thickener uased was a fluorinated
copolymer of ethvlene and pronylene having a molecular weioht of
about 150,000,

The btenzimidazole additives used in the forrulations had the

following structural formula:

it}
;\’/

H
in which R was one of the following: i, Ceilyqr Celigs CF(CFB)OCFQ-

CF(CFB)OC » and CF(CF3)[OCFQCF(CF3)]4OC F

37 IFy

In preparing the greases, the components were rixed and atirrec
until a uniform mixture was obLtained. The amounts of Lase fluic
used range from 65 to 72 welight percent while tlie amounts of thich-
ener rangel from 27 to 34 weight pexrcent. Fach qrease composition
contained 1.0 weight percent of one of the ahove -described benzi:
midazole additives. Lach mixture was further blended to a grease
consistency by passing it two times through a 3-roll mill with the
rollers set at an openina of 0.002° at about 77°F,

The several grease compositions were tested according to
several standard taest procedures. The penetration test was con-

ducted in acoordance with Pederal Test ilethod Standard 79%9la, Method

10
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313.2. The rust preventive wroperties test was carried out in
accordance with Hothod 4012 of the sarc standard. The high ter -
perature corrosion was cdetertined in accordance with the methold set
fort:: in Technical Locumentary Report APML-TR-€69-2%0. ©The results
of the tests are se. forth liersinafter in the talle.
LHRMPLE 1T

2 series of runs was conducted in whiel. greases were preparcd,
utilizing. as descriled in Cxample I,‘the sare thickener and lenzi-
midazole adcitives and awounts thereof as well as the same arounts
of a polyfluorocalkvlether btase fluid. ilovever, the polyfluorocalkyl
ether hac the following structural formula:

x-0- ('~C3F€0)p- (CF? “0)(.." (*(,‘21“4 ~O}R-*Y ’

where X and Y are CF,, C2F5' or C3?7 and P, 2 and R are inteqers
such that the flui? has a hinematic viscosity of akout 90 centi-
stokes at 199°r. 7The base fluicd used was Fomblin Y fluid, a pro-
¢uct of llontedison, S.p.A., Milan, Italy.

The greases were formulated and tested according to the pro-
caedures described in Example I. The results of the tests are shown
helow in the table.

EXAMPLE II1

A series of runs was conducted in which greases were prapared,
utiiizing, as descrilbed in xample I, the same thickener and bensgi-

nidazole addiitives and amounts thereof as well as the same amounts

11
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of a volyfluoroalkvletrer tase fluid. iowever. the polyvfluore

alkvletiier Lad tl.e fnllowina structural formula:

wierein Re is QF: or C)FS, and ¥ and ¥ are integers whose values
are such that the compound has a hZinematic viscosity of aiout 120
centistokes at 1¢0°F.  the hase fluld used was “rayco £152 fluicd.
a product of Lray D1l Ce.. Loz hngelas, Calif.

The greases vere forrulatol ond tested according to the pro
cadures descriled in Yxammle I, The results of the tostg are shown

horeinafter in theo taile,

r anriea of rung was conducted in whiclh qgreases wers vrepared.
utiligineg, as described in "xarls I, the same vase fluid and bwenzi-
nicazole additives and arounts tiareof as well as the same arount
of a tiickener. lowever. the tiickener weas nolvtetrafluorcetiiylene
having a molecular weight of atout 530,000,

The greases were formulatad andé tested according to the pro
cedures described in ixample I. Tie results of the tests are shoun
pelow in the table.

PAAMPLE V |

A series of runs was carried out in which greases were pre-

pared, utilizing, as dascribed in Example IX, the same Lase fluid !

and benzimidazole additives and amounts thereof as wall as the same

12
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anount of tiuickener. liowewver, the tiiciener used was olytetra-
flucroethylone having a molecular weicht of about 1319,200.

The greaszg8 vere formulated and testod according to the pro-
cadures described in "xamzle I. The results of the tests are set
fort:. relow in tha talle.

FXAHPLT VI

A series of runs was conducted in which grcases were propared,
utilizing, as descrited in Example III. the same Lase fluid and
wnzinidazole additives and amounts thereof as well as the same
ancunt of thickener. iowaver, the thickener used was polytetra:
fluorcetnylane having a molecular welght of about 30,009,

the gresses werae formulated and tesztec according to the pro-
cedures casceriled in Txample I. The resultz of the tests are shown
below in the table.

EXAMPLE VIT

Contreol runs were carried out in which greases were propared,
utilizing the hame fluids and thickenersg of Examples I, IT and III.
The greases consisted of 70 weight percent base fluid and 30 waight
parcant thickener and did not contain any benzimidazole additives.

The greases were formulated and tested according to the proce-
dures describod in EZxample I. The results of the tests are included
below in the takle.

13
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Pass
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iigl. Temperature Corrosinn
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Z-16T

s;qql

Pass
Pass
Pags
Pass
Pass

rass

Fail

rail

Fail

(%)

Tass
Pass

Passg

Fail

Fail
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of the various qreases formulated in Exarples.
(2) Federal Teat !ethod Standard 79la, Method 4012.

Mo rusting or corrosion, 2 maximum of 3 spots allowed.

Kore than 3 rust or corroded spots or pitting and atching.
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As geen fror the data in the foregoing table, the grease cor-
positions of this invention do not cause rusting of ferrous metals
under mild temperature and high humidity conditions or corrosion
under conditions of high temperature. The antirust and anticorro-
sion properties of the greases arc directly attributable to the
prasence of the benzimidazole adéitives. Thus, when the additives
were critted as in the control runs, rusting and corrosion of the
ferrous neotals occurred as a result of contact with greases hased
on polyfluorocalkylether fluids.

2As will he evident to those skilled in the art, modifications
of the present invention can bhe rade in view of the foregoing
Zisclosure withiout departing from the szirit ané scope of the

invention,

13




A3STRACT OF T9/E_DISCLOSURE

An antirust, anticorrosion grease composition coeprising a
rmajor arwunt of a pelyfluoroallylether lase fluid, a minor arount
of a fluorocari:on polymer thickening agent. and a rust and corrc

sion inhibiting amount of a lLenzimidazole.

1




