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which imparts rust and corrosion resistance to the compositions.

AF INV 13762
John B. Christian et al

CRIASE COMPOSITIONS SASEL Ol FLUORIUVATED POLYEILOYANES

RICHTS OF THE_GOVERNMENT

The invention descriled herein may be manufactured and used
by or for the Government of the United States for all covernrental

purposes without the payment of any rovalty.

\ FIFLD OF THUF IMVENTION
This invention relates to qgrease compositions which have a

fluorinated polysiloxane as a base fluid and containing an additive

\

Decause of their extreme pressure and antiwear characteristics,

BACKGROUND OF THE INVENTIOHN

it has been recognized that fluorinated polysiloxane fluids have an
excellent potential for use as lubricants. For example, as shown
in U.S. Patent No. 3,642,626, issued to one of us on February 15,
1972, greases formulated from these fluids and thickeners, such as
a fluorinated copolymer of ethylene and propylene or a polymer of
tetrafluorocethylene, have proven to be useful as lubricants over a
wide range of temperatures, e.g., as low as -100°F and as high as
450°F. Although the prior art greases possess superior lubricating
characteristics, their utility has been limited by their inabilicy
to provide rust preventive properties under conditions of high
humidity and milé temperature (below 212°P). Also, their utility
has been restricted by their inability to furnish anticorrosiom
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proparties when employed as lubricants for ferrous metals under
conditicns of high temperature. It would be very desiranhle to pro-
vide a qreasc hased on a fluorinated polysiloxane fluid that over-
comas thege problers of rust and corrosion of ferrous metals.

It is a prinary object of this invention, therefore, to pro-
vide a fluorinated pelysiloxane hased qrease composition that
possesses rust and corrosion inhibiting properties.

A further obiject of the invention is to provide antirust and
ancicorrosion adcitives for grease compositions formulated with
fluorinatedé polysiloxane base flulds.

Another object of the inwention is to provide grease composi-
tions which Jdo not cause rusting or corrosion of ferrous metals
either under rmild tamperature and high humidity conditions or under
high temperature conditions.

Other objects and advantages of the iavention will become
apparent to those skilled in the art upon consideration of the
ensuing disclosure.

SUMMARY OF THE INVEANTION

The present irnvention resides in the discovery that the addi-
tion of a small amount of certain benzimidazoles to a fluorinated
polysiloxane base fluid and a thickener theraefor provides a grease
having unexpectedly outstanding properties. Thus, the resulting
grease composition inhibits rust formation when utiliszed as a
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lubricant for ferrous matals under mild temperature and high humidity
conditions. Furthermore, the grease inhibhits corrosion when usec
ag a lubricant for ferrous netals under high temperature conditions.

In a more spacific emhodirment, the instant invention is con-
cerned with: a grcase composition comprising (1) a majecr arount of
a fluorinated ypolysiloxane wase fluid, (2) a minor amount of a
thickener for the lase fluid, and (3) a rust and corrcsion inhibi-
ting armouitt of a benziridazole.

diore spacifically, the qgrease conposition consists essentially
of al.out ¢C to ¢C welcght sercent of pase fluid, (2) about 32.5 to
32,5 weight woercent thickener, and (3) albout 0.% to 1.5 welaht per-
cent Lenziricdarole, Lkased upon a total of 170 weight percent.

In aeneral, any suitarle fluorinated polysiloxane can be uased
as a basc fluid in formulating the grease compositions of this
invertion. Tluorinated volysiloxane fluids are well known raterials
whicli are descriled in the literature and are comercially
available.

It is cften preferred to utilize base flulds ﬁavirq the

followinge structural formula:

cu ' CH

v 31 3
R -Si0 {810 |- 84-R"

t ) [}

CH, }| CHq

wherein R' is hydrogen or an aliphatic hvdrocarbon radical ocontain-

ing 1 to 3, inclusive, carbon atoms, R' is methyl, ethyl, vinyl,
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phenyl or ~Cﬁ2CH2R" iii which R'™ i8 a perfluorocalkyl radical of 1
to 10, inclusive, carbon atoms with at least half of the R groups
being —Cﬁ2Cn2R' . and n is an intecer rancing from 1l to 150, pre-
ferarly from 49 to 150. The letter n can also be defined as heinc
an integer having a value such that the €luid has a viscosity of
about 50 to 100 centistokes, praferally $35 to €5 centistokes, at
10C°F. Pluorinated polysiloxanes as defined by the foregoing ocen-
eral formula as well as a procudure for thelr svnthesis are éis-
closed in U.3. Patent Yo. 2,961,424, rTxamples of specific poly-
siloxanes that can be use¢ as a base fluid are described herein-
after by their structural formulas. In general, the polysiloxanes
have viscosities, i.e., value of n, as set forth abowe. %here the
repeating units within the brackets of the formulas consist of two
different siloxane radicals, they are derived bv using a mixture
of the siloxane compounds.

A polysiloxane that is prefarred for use as a base fluié has
the following structural formula:

CF3CH2CH281(CH3)20{?1(Cu3)0}n81(CH3)2C52CH2CF3.

CH,CH,CP

2 3

(A)
Anotler polysiloxane that can be advantageously used has the
following formula:
(cu3)3310{§1(c33) 0§?{¢1(CB3)2o§f81(cn3)3.
CHCH Ty
(3)




L twe slleovanc crounss witpin the Lrackets car Le in altornatire
oLLer o at randoyy or in aarices of sindlar repeativue units is o
dne 1 Yapresentino iatmcers of alout the same valuz and their e
Leiac a value such as to orovide a fluld haviae the above Coscritaed
viscosity. Thia oreferred values of n' ane n' are in the rence nf

25 o Th. Othar ouerplarv wolvsilonanes uzcful as base flaids

include those havinn tho followins formulas:

(?zﬁs)gﬁiﬁ 'i(gﬂ ,)n - T ——Si(C?nc)Yn- zi(c,r5)1
r:;(" C“ CF '
n he
(<)
(Cﬂzutf)ﬂi(?3ﬂ7)2,~~ ui(C 7)O - ~—Si(C3?7)ZCH-CV2
cn C‘: 2 (CT,) CF,
A.. [ H n
¢
10 CeilgSE(Clg) 0 [ SINO. - rwmmme—ee—io- - §1 (Cf14) 5CFe ; and
CH2CH2(CF2)9CF3 |
(£)
C F11C C.,nl(C; )20' Si(CH YO e Bi(C?ls)2 ~Si(CB3)2C32CH2-
CP CF C P
275711 n' "
CsFyy - (F)

In the foregoing formulas (C-F), the values of n and the sum of n'
and n” are such that the polysiloxanes have a viscosity at 100°F

15 ranging from 50 to 150 ocentistokes, preferably from €5 to 85
oentistokes.
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AS a thickener, it is ganerally preferred to use a fluorinated
ethylene -propylene copolymer or polytetrafluorcethylene, The
corolymer usually :as a molecular welight of about 120,000 to
190,000, preferalbly 140,000 to 160,200 and a density of about 2.2%
to 2.47 a/cc. The polytetrafluorocethylene usually has a molecular
weight of about 7,300 to 50,000, preferakly about 10,0300 to 50.900
and a densitv of about 2.15 to 2.28 q/cc. Thasge polvmeric thick-
eners are well known materials that are describecd in the literature.

The benzimidazole antirust and anticorrosion additives used

in the grease compositions have the following structural formula-

1
Xc-p
W

H

wherein R iz !i, hydrocarbon alkyl. hydrocarhon aryl, perfluorocalkyl
or perfluoroalkyleneether. Examples of hydrocarbon alkyl and per-
fluorcalkyl groups include those having the formulas CaH2a+1 and
CaP2.+1, regspectively, where a is an integer from 1 to 10, inclu-
sive. Ixamples of hydrocarbon aryl groups include phenyl, biphenyl,
tolyl, xylyl, and naphthyl. Suitable perfluorvalkyleneether groups
include Crz(ocrzcrz)yoczrs, where y is zero or an integer from 1
to 10, inclusive, and cr(cr3)tocrzcr(cr3n£oc3r,, wvhere z is zero
or an integer from 1 to 10, inclusive.

Procedures for preparing the benzimidazole additives in wvhich
R is hydrogen, hydreocarbon alkyl, hydrocarbon aryl and perfluoro-

e —
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alkyl are dCescribed in the literature. e.qg., in I'lderfield's
“Haterocyclic Corpounds’™, Johin Wiley ané Sons, lew York, law York.
An exemnplary procedure disclesed in the literature for preparinc
variocus 2z sul.stituted benzimidazoles can be representacd by the
following formulas:

i 4

o nLi
(::J:: +  R'TE (::]:: + R (1)
R MY

i

o H

2Li ; 1-CR
(::]:: + RCCL  +  LiCl  + (::]:: (2)
Y o334

i L

0

-

J-CE o 3

@( 2% @ Xer . (2)

N o

i b3

In equation (1), R'Li can he any suitahle organolithium compound.
e.g., onag in which R' is Cﬁ3", C4§9- or C.ll.~. As seen from equa-

o
tion (2), the acid chloride RCCl is the source of the R group.

which can be, for example, a hydrocarbon alkyl, a hydrocarbon aryl
or perfluoroalkyl group.

A procedure described in the literature for preparing 2-sub-
stituted benzimidazoles in which R is hydrocarbon alkyl ocan be
represented by the following equation:




Ni- PO,
+  RCO.i A ) Nc-r
ni i i

As sceen fron the ecuation a diarinohenzenc ie reacted direc ly

(™

with: an aliphatic acid to give the lenzinidazole.
The henzimddazoles in which R i3 a nerfluoroallvlceneether
5 racical are nevw compounds which can he preorared 'y a orocess waici:
ig not rdoscriled in the literature. The orocesgs involved in thedlr
wrevaration is illustrated by the following equation:

v
kY3

. il
Y . % !
o (11) H

H
(1II)

Ag shiovm Ly the forecoing equation, diaminobenzera (I) is reacted
16 with fmidatc ester (II) in the presence of clacial acetic acid
(i:AC), vwtilizing hexafluorcoisopropancl (HFIT) as the reaction
nediun. The reaction temperature usually ranqges from avout 45 to
50°C. The reacticn time usually ranges from about 1 hour to 4 or
5 days.
It is seen from the foreaoing equation that the R group is
15 derived from the imidate ester (II). The imidate esters are well
known compounds that are described in the literature. For example,

following the procedure described by H. C. 3Arown and C. R. Wetszel
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in Journal of Organic Chemistry, 3%, 3724 (1965), a variety of
iridate esters can be synthasized from a variety of fluorine-con:
taining nitriles. Wwhile the process is particularly suitable for
preparing 2-substituted benzimidazole additives in which R is a
perfluoroal:ylencether as descrihed akove, it can also ke emploved
to synthesize Lenzimidazoles in which R is a perfluorcalkyl (C F
A more conplete discussion of the synthesis of the fluorine -con-
taining i.enzimidazoles can be obtained »y referring to our copen-
ding U.S. applicaticn Serial Ho. (Inv. Ho. 13,830), filed on

. 1272, the disclosure of which is incorporated herein by
reference.

A more comprehensive understanding of the inwvention can be
obtained by referring to the following illustrative examples which
are not intanded, however, to be unduly limitative of the invention.

EXAMPLE I

A series of runs was conducted in which grease compositions of
this invention were formulated and tasted. As a base fluid there
was used a fluorinated polysiloxane having the following formula:

CF.CH,CH 51 (CH,) 40~ {-st (CH,)0- -}--si (CH,) ,CHL,CH,CP,
CH CH

where n is an integer having a value such that the fluid has a
viscosity of 75 centistokes at 100°F. The base fluid was a product
of Dow Corning Corp., Midland, Mich., that was identified as

sa+1) "
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Pe-126%.  The thickener used was a fluorinated cozolvnmer of ctivy
lene and propylene having a molecular weight of 156,008,
“he renzirmidazole additives uaed in the formulations had the

following structural formula:

§§C~Rc

:r
in which R was one of the followinag: Y, C6133, CQHS’ CF(CF3)OCF2
CF(CF3)OC3F7, and CF(CF3)[OCFZC?(CF3)14OC3F7.

In preparing each of the greases, the components were mixecd
and stirred until a uniform mixture was cobtained. The amounts of
base fluid used ranged from 60 to 65 weight percent while the
arounts of thickener used ranged from 24 to 39 weight percent. Xach
grease composition contained 1.0 weight percent of the above cefined
benzimidazole additives. Fach mixturs was further bhlended to a
grease ccnsistaency by passing it two times through a 3-roll mill
with the rollers set at an opening of 0.002" at about 77°F.

The varions grease conpositions were tested according to
saveral test proccdures. The penetration test was oconducted in
accordance with Federal Test Method Standard 7%la, Method 313.2.

The rust preventive properties test was carxrried out in accordance
with Method 4012 of the same standard. The high tamperature cor-
rosion was determined in accordance with the method set forth in
Technical Documentary Report APML-TR-69-290. The results of the

test are set forth hereinafter in the table.

10
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EXAMPLY II
A saries of runs was conducted in which creases were prepared,
utilizing, as described in Example I, the same thickener ané benzi -
midazole additives and amounts thereof as well ag the same amounts
of a fluorinated polysiloxane hase fluid. iowever. the fluorinated

polysiloxane hac the following structural formula:

(CH,) 5510 - .--.§i(cs3)o o} BLCE L0 b -SE(CH,) 4
CHZCHzCFg ,
n
(8}
where n' and n  are inteqgers having values such that the fluid has

a viscosity of about R0 centistokes at 100°F. The fluid was a pro
duct of Dow Corning Corp.. Midland, Mich.. that was icdentified as
Q5 -01€7.

The greases were formulatad and tested according to the pro
cedures described in gxample I. The results of the test are shown
below in the tai:le.

A series of runs was carried out in which greases were pre-
pared, utilizing, as described in Example I, the same base fluid
and benzimidazole additives and amounts thereof as wall as the
same amount of thickener. Howewver, the thickener used was poly-
tetrafluoroethylene having a molecular weight of about 30,000.

The groases wera formulated and tested acoording to the pro
cedures described in Example I. The results of the tests are shown
below in the table.

11
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A series of runs was conducted in which greases were prepared,
utilizing, as descrilted in rxample II, the same base fluid and
ronzimidazole additives and amounts thereof as well as the same
amount of thickener. Howawver, the thickener uszed was polytetra-
flucroethylans havinag a molecular welght of ahout 30,0030.

The coreases vere fornulated and tested according to tie nro
cedures descriled in “rxample I. he results of tha tests are set
forth helow in the table.

Control runs werxe conducted in which greases were prepared,
utilizing the base fluld and thickener of ELxamples I and IXI. The
greases consisted of 65 weight percent hase fluid and 35 weight
percent thickener and dié not contain any of the benzimidazole
additives.

The greases were formulated and tested according to the pro
cedures descrired in Example I. The results of the tests are

included below in the table.

12
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TAPLE
Grease(l) Grease(l)
Greases Croases GCreases Groeases hased based
of of of of Formula A Formula B
Rrample Fxample Example Fxample flulid, no fluid, no
T Ixr 11z IV adcitive additive
-
Penetration,(”)
decimillimeters 264-290 281283 265-292 281--284 302-308 340~342
Rust Prev‘ntive(3) (4) (5)
P roperties Pass Pass Pass Pansa Marginal ‘“/Marginal
riigh Temperature(e)
Corrosion 450°F. (7
72 hours Pass Pass Pass Pass rail Fajil
52-100 steel Pass Pags Pass Pasa Fail Fail
440C Bteel Pass Pase Pass Pags Fail Pail
M-10 steel Pass Pass Pass Pass Pail Pail
K-50 steel Pags Pass Pass rass Fail Pail

(1) Control runs

(2) Range of penetration values of the various greases formulataed in examples.
(3) Pederal Test Method Standard 791a, Method 4012,

(4) Pass - o rusting or ocorrosion, a maximum of 3 spots allowed.

(5) Marginal - The maximum allowable number of rust spots were present at the
ond of the test.

{6) AFML-TR-69-290.
(7) Fail - Moxre than 3 rust or ocorroded spots or pitting and etching.

A
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As will e evident te those askilled in the art. rodifications
of the present lnvention can Le mace in view of the foreconinc

cdlsclosurce without <eparting from the spirit and scone of the

nvention.
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ALSTRACT OF Tihig DISCLOSURYT
An antirust, anticorrosion orecase composition comprisina a
major anount of a fluorinated molysiloxane tase fluid, a winor
arount of a fluorocarion polvrmer thickenino agent, and a rust

and corrosica inhibiting amount of a enzimicdazole.
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