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CRIAE;E COPOSITIONS BASEL- ON, FLUORI. ATrED POLYS ILO x"S

RICHATS OF T11. t0'TTMHPMr'T

T'he invention described herein may be mAnufactured and used

by or for the Government of the United States for all governrental

purposes without the payment of any royalty.

5 riELD Or Tur I'."'TNTION

This invention relates to grease conositions which have a

fluorinated polysiloxane as a base fluid and containing an a0ditive

which inparts rust and corrosion resistance to the onpositions.

BACKGROUND OF THF INVLNTION

10 Because of their extreme pressure and antiwear characteristics,

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 thickoners, such as

15 a fluorinated copolymer of ethylene and propylene or a polymer of

tetrafluoroethylene, have proven to be useful as lubricants over a

wide range of temperatures, e.g., as low as -100'? and as high as

4500F. Although the prior art greases possess superior lubricating

characteristics, their utility has been limited by their inability

20 to provide rust preventive properties under couditions of high

humidity and mild teMperature (below 2129?). Also, their utility

has been restricted by their inability to furnish antioorrosio
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properties when employed as lubricants for ferrous metals under

conditions of high temperature. It would be very desirable to pro-

vide a grease based on a fluorinated polysiloxane fluid that over-

comes these Problems of rust and corrosion of ferrous metals.

5 It is a Primary object of this invention, therefore, to pro-

vide a fluorinated polysiloxane based grease composition that

possesses rust and corrosion inhibiting properties.

A further object of the invention is to provide antirust anC

anricorrosion additives for grease compositions formulated with

10 fluorinated polysiloxane base fluids.

Another object of the invention is to provide grease composi-

tions which do not cause rusting or corrosion of ferrous metals

either under mild tenperature and high humidity conditions or under

high temperature conditions.

15 Other objects and advantages of the invention will become

apparent to those skilled in the art upon consideration of the

ensuing disclosure.

SUMMARY OF THE INVE4TION

The present invention resides in the discovery that the addi-

20 tion of a small amount of certain bensixidazoles to a fluorinated

polysiloxane base fluid and a thickener therefor provides a grease

having unexpectedly outstanding properties. Thus, the resulting

grease composition inhibits rust formation when utilized as a

A 2



lubricant for ferrous mitals under mile tem -perature an6 high humidity

conditions. Furtherrora, the grease inhibits corrosion when used

as a lubricant for ferrous mtals under high temperature conditions.

In a r<,re specific eai.iodimnt, the instant invention is con-

5 cernae witi. a "roase cmosition comprisincy (1) a major aiuount of

a fluorinated jolysiloxane base fluid, (2) a ninor anount of a

thickener for the .-ase fluid, and (3) a rust and corrosion inhibi-

ting amount of a henzir-idazole.

'lore s:ecifically, th e grease copiposition consists essentially

10 of about t0 to '(, weiqht .percent of i-ase flui-O, (2) about 3-.5 tn

33.5 wii-,rht rdercent thickener, and (3) about 0.5 to 1.5 weiniht per-

cent Lenzirica~ole, based upon a total of 1.10 weight percent.

In general, any suitalle fluorinated polysiloxane can be used

as a base fluid in formulatinrr the grease compositions of this

15 invention. Fluorinatee rolysiloxane fluids are well known materials

which are ciescril-ed in the literature and are conarcially

available.

It is often preferred to utilize base fluids haviri the

followinc structural formula:

93, 9
20 R' -SiO* Sio- Si -R

CH3 R CH3

wherein R' is hydrogen or an aliphatic hydrocarbon radical oontain-

ing I to 3, inclusive, carbon atoms, R4 is methyl, ethyl, vinyl,
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phenyl or iCi2 CT2R" ii which R'" is a perfluoroalkyl radical of I

to 10, inclusive, carbon atoms with at least half of the R groups

being -CO Ci,R' , and n is an inteqer ranging fror. I to 150, pre-
2 4

ferably from 40 to 150. The letter n can also be defined as beinc

5 an integer having a value such that the fluid has a viscosity of

about 50 to 100 centistokes, preferably 65 to P5 centistokes, at

1006F. Fluorinated polysiloxanes as defined by the foreqoinc ren-

oral formula as well as a procedure for their synthesis are dis-

closed in U.S. Patent o. 2,961,424. Txamples of specific poly-

10 siloxanes that can be useO as a base fluid are described herein-

after by their structural formulas. In meneral, the polysiloxanes

have viscosities, i.e., value of n, as set forth abov. 'Where the

repeating units within the brackets of the formulas consist of two

different siloxane radicals, they are derivee by using a mixture

15 of the siloxane conpounCs.

A polysiloxane that is preferred for use an a base fluid has

the following structural formula:

CF3 CH2 CH2 i (CI- 3) 2 0fSi (Oli 3 )O~nSi (CR 3 ) 2CH2CH2r3•
CH 2C 2 cF3

(A)

20 Another polysiloxane that can be advantageously weed Ma the

following formula:

(CH 3 ) 3 SiOfgi (CH3 ) oft hL (C 3 ) 2 %oft (CO3 ) 3 "

4
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ic',:.( r tcr at ran,-cj, or in seric~s rf i; ilar x ~ i units -. Yit

L-a vaiwuc sucA. a~n tr. -rrrviIr a fluiiir £lai1r,( t),(, A&Lovec G'cri't-z

vi scon it-! :: ) rc-fe1rc 6 vslIt.z n' n' an- v a r in tiae ron,7o. cf

4J.r. L (c2 T4 ) (-1 7 (C" C'

C9

c (C!- '3) 'gii-- -. i (C;"~ 2 Cr. and

C! 2 C]T !(CF.)) 9 CF

C1 3CL 2Ci 2 5 3C 320 SIP (r! 3 cf i (C0 3 )11 Si (C- 3)2C"i2C!i2

In th.~ foregoingr formulas (C--F), the values of n and the sum~ of n'

and n" are such that the polysiloxanes have a vissaity at 1007F

15 ranging from 50 to 150 centiutokes, preferably from 63 to 85

osatistokes.
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As a thickener, it is gAnerally preferre3 to use a fluorinatL

ethylene-propylene copDolymer or polytetrafluoroethylene. The

copolymer usually has a molecular weiqht of about 120,000 to

190,000, prefera~iy 140,000 to 1E0,000 and a density of about 2.9

3 to 2.47 -/cc. The polytetrafluoroethylene usually has a Molecular

weight of about ?,000 to 50,000, preferably a)out 10,000 to 50,000

and a density of about 2.15 to 2.29 q/cc. These polymaric thick-

eners are well novrn materials that are described in the literature.

Inio banzimidazole antirust and anticorrosion additives used

10 in the grease compositions have the following structural formula-

H

wherein P. is N', hydrocarbon alkyl, hydrocarbon aryl, perfluoroalkyl

or perfluoroalkyleneether. Examples of hydrocarbon alkyl and per-

fluozoalkyl groups include those havinq the formulas CaH2a+1 and

15 CaF2al, 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 perfluoroalkylaneether groups

include CF 2 (OCF 2 C0 2 )OC 2F 5 , where y is zero or an integer fram 1

to 10, inclusive, and C?(C? 3 )[OCV 2 CF(C? 3 )]zOC3F 7 , where 2 is zero

20 or an integer from 1 to 10, Inclusive.

Procedures for preparinq the bengimidasole additives in which

R is hydrogen, hydrocarbon alkyl, hydrocarbon aryl and perfluoro-

-.
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alkyl are described in the literature. e.g., in lderfield's

':Heterocyclic Compounds' , Johm Wiley anei 9ons, 'Jet, York, Flew York.

An exemplary procedure disclosed in the literature for preparinn

various 2 s ustituted e nzimidazoles can be represented by the

5 Tollowinq forrulas:

+:Li
++ <(1

+[ 1 i 0

0

+ aCCI LiCl + (2)

2_ 0 -

10 In equation (1), R'Li can ba any suitable organolithium; compound.
e.g., one in which- R' is C 3-, C4 h9 - or C!15-. As seen from equa

0

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

which can be, for exazple, a hydrocarbon alkyl, a hydrocarbon aryl

is or perfluoroalkyl group.

A procedure described in the literature for preparing 2--sub-

stituted benzimidazoles in which R is hydrocarbon alkyl am be

represmted by the following equation:

7
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+ co . )

As scen fro . the ocuation a dliarinohenzene is reacted direc- ly

with an alihatic acid to (ive the ,.enzini-azole.

The -jenzimidazoles in which R is a p, rfluoroi~yleneether

raieical are new com.pounds vhich can '-e pre-ard yv a .:rocess wiiic:

is not ck.scriled in the literature. The process involved in their

prepnaration is illustrate. iy t fe foldowin- ecqiation

+ V OC :., N

H
(III)

(I)

A sho~r y the forecroiny equation, diwAinoi.unZrr.;1 (I) Is reacted

1G with iiaidate enter (II) in the Presence of clacial acetic acid

(iGAC), utilizinc; %exafluoroisopropanol (rIr) as the reaction

nedii. The reaction temperature usuall ' rancges from, about 45 to

50*C. The reaction time usually ranqes from about 1 hour to .4 or

5 days.

It is seen frorn the foregoing equation that the R group is

15 derived froni the imidate easter (II). The imddate esters are well

known compounds that are described in the literature. For exaple,

following the procedure described by H. C. 3rown and C. R. Wetzel

8
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in Journal of Organic Chemistry, 31, 3724 (1965), a variety of

iridate esters can be synthesizee from a variety of fluorine.con

tainina nitriles. Thile the process is particularly suitable for

preparing 2-substituted benzimidazole additives in which r, is a

5 perfluoroalhyleneether as described above, it can also le employed
to synthesize benzimidazoles in which R is a perfluoroalkyl (CaP~a+l)

A mre complete discussion of the synthesis of the fluorine -con

taining Lenzinidazoles can ioe obtained by referring to our copen--

ding U.S. application Serial No. (Inv. 'lo. 13,830), filed on

10 1979, the disclosure of which is incorporated herein by

reference.

A more comprehensive understanding of the invention can be

obtained by referring to the following illustrative examples which

are not intended, however, to be unduly limitative of the invention.

15 EXAMPLE I

A series of runs was conducted in which grease compositions of

this invention were formulated and tested. As a base fluid there

was used a fluorinated polysiloxane having the following formula:

cCi CH C' Si (CH 3 ) 2O a-- (CH3 ) 0- 1 __S'(CH3 )2 C 2 C7 2 CF3

(A)

20 where n is an integer having a value such that the fluid has a

viscosity of 75 centistokes at 1006F. The base fluid was a product

of Dow Corning Corp., idland, Mich., that was identified as

A9



FS 126 . The t!ickenner used was a fluorinated copcolnar of ;ti?

lene and r.ropylene having a molecular -weig7t of 159,000.

The henzi~riazole ad~litives uaeC in ti"te formulation'T hIa,-C tie

followinq structural formula!

R

in 1%-ic was one of the following: H- C6ip C .. C? (CF1)OCF2

CF(CF3)OC4F7 , and CF(CF 3)rOCF2CF(C 3 )]4OC 3 Tr.

In preparing each of the qreases, the components were mixed

and stirred until a uniform mixture was obtained. The amounts of

10 base fluid used ranged from 60 to 65 weight percent while the

amounts of thickener used ranged from 24 to 39 weight percent. Each

grease composition contained 1.0 weight percent of the above-defined

benziiidazole additives. rach mixture was further blended to a

grease consistency by passing it two times through a 3-roll mill

15 with the rollers set at an opening of 0.002" at about 770F.

The various grease corpositions were tested according to

several test procedures. The penetration test was conductA:d in

accordance with Federal Test Method Standard 791a, Method 313.2.

The rust preventive properties test was carried out in accordance

20 with Method 4012 of the sams standard. The high t e rature cor-

rosion was determined in accordance with the method set forth in

Technical Documentary Report AM-TR-69-290. The results of the

test are met forth hereiafter in the table.

10
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A series of runs was conducted in which greases were prepared,

utilizing, as described in Exanple I, the same thickener and benzi

midazole additives and amounts thereof as well as the same am.ounts

5 of a fluorinated Polysiloxane Ibase fluid. Tfowever. the fluorinated

polysiloxane hac the following structural formula:

(01, S!iO [sC'' 0 (C!T3)() 0 Si (Cl:3 )

n - " ' fl i

where n' ane n are integers havinq values such that the fluid has

a viscosity of aiAout 80 centistokes at 1000F. The fluid was a pro

10 duct of Dow Corninc Corp.. Midland, Mich.. t-hat was identified as

Q5 0167.

The greases were formulated and tested according to the pro

cedures described in rlxanple I. The results of the test are shown

below in the table.

15 EXAMPLE III

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 well as the

same amount of thickener. Hovwer, the thickener used was poly-

20 tetrafluoroethylene having a molecular weight of about 30,000.

The greases were formulated and tested acoording to the pro

cedures described in Ziample I. The results of the tests are shown

below in the table.

11
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IYXAMPL_ IV

A series of runs was conducted in which creases were ;reparee,

utilizing, as described in !xample II, the same base fluid and

hnzimida2ole addaitives and amounts thereof as well as the save

5 amount of thickener. However, the thickener used was polytetra-

fluoroetlhylan, having a rolecular weight of about 30:000.

The creases were formulated and tested according to t/he pro

cedures dcscriL-ed in .'xarmple I. The results of tho tests are Bet

forth below in the table.

10 EXA~'XPLE V

Control runs were conducted in which greases were prepared,

utilizing te base fluid and thickener of Examples I and II. The

greases consisted of 65 weight percent base fluid and 35 weight

percent tlichener and did not contain any of the benzimidazole

15 additives.

The greases were formulated and tested according to the pro

cedures described in Example I. The results of the tests are

included below in the table.

12



TAM, L

Grease (1) Grease (1)
Greases Creases Creases Greases based based

of of of of Formula A Formula B
7 xampl "xample Examnple F:xamvle fluid, no fluid, no

I II III IV additive additive

Penetration,
deci.Iillimetors 2;4-290 -281-203 765-292 281-.2R4 302-309 340-342

Rust Preventive (3) (4) sa)
1I.operties Pass P ass Pass Pass marginal Marginal

;-igh Terqarature (6)
Corrosion 450F. (7 a
72 hours Pass Pass Pass Pass Fail Fal

52- 100 steel Pass Pass Pass Pass Fail Fail

440C steel Pass Pass Pass Pass Fail Fail

M-10 steel Pass Pass Pass Pass Fail Pail

K 50 steel Pass Pass Pass Pass Fail Pail

(1) Control runs

(2) Range of penetration values of the Warious greases formulated in examles.

(3) Federal Test Method Standard 791a, Method 4012.
(4) Pass - tNo rusting or corrosion, a maximum of 3 spots allowed.

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

(6) AnM-TR-69-290.

(7) Fal - Nor than 3 rust or oorroded spots or pitting and etching.
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ISTPRAC'l OF "MEi DIsCLorum7

An antirust, anticorrosion carease onrositior. comorisiic' a

rnajor 'inout of a fliuorinatee tolysiloxarte bass fluid, a iyior

miount of a fluorcicarluon poirrtic-nxwaent, anc r rst

aiC~ corrou1on 1n'1l)tin.- amournt of a ;.enirdazole.
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