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AF INV 13763
John B. Christian et al

GREASF COMPOSITIONS

RIGTS -OF TIlE GOVERPJMFNT

The invention described heroin may be manufactured and used

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

purposes withlout the 7rayw)ent of any royalty.

5 FIELD OF THE INVENTION

This invention relates to grease compositions containing

additives which inhibit rust and corrosion in high humidity and

high temperature environments. -)

BACKGROUND OF THE INVMITION

10 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 -

15 ethylene. These greases have proven to be useful as lubricants

over a wide range of temperatures, e.g., as low as -40?7 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 when used

20 as a lubricant for ferrous metals under conitions of high hmidity

and mild temperatures (below 212?). Their utility has also bee

limited by their inability to provide anticorrosiom properties
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when employed as lubricants for ferrous netals under conditions

of high temperature (above 450*r).

In U.S. Patent No. 4,132,660, issued to us on January 2, 1979,

there is disclosed a grease composition containing a perfluorinated

5 polyalkylether base fluid and a fluorine-containing benzoxazole as

a rust and corrosion inhibitor. While the patented grease composi-

tion is effective in overcoming the above-discussed problem, it

would be desirable to have other greases possessing outstanding

antirust and anticorrosion properties.

10 It is an object of this invention, therefore, to provide a new

and improved grease composition based upon a polyfluoroalkylether

fluid.

Another object of the invention is to provide a grease compo-

sition possessing antirust properties while lubricating ferrous

15 metals under conditions of high humidity and mild temperatures.

A further object of the invention is to provide a grease

having anticorrosion properties while lubricating ferrous vatals

in high temperature environments.

Other objects and advantages of the invention will beome

20 apparent to those skilled in the art upon consideration of the

accompanying disclosure.

SUOIAR OF THE INVENTION

The present invention resides in the disaDvmr that the addi-

tion of a small quantity of certain bensiMdasoloe to a
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polyfluoroalkylether base fluid and a thickener therefor provides

a grease having unexpectedly outstanding properties. Thus, the

resulting grease coMosition inhibits rust formation when utilized

as a lubricant for ferrous metals under mild temerature and high

5 humidity conditions. Furthermore, the grease inhibits corrosion

when used as a lubricant for ferrous metals under high temperature

conditions.

-pre spcificrebeimett, the present invention is con-

cerned with a grease composition comprising (1) a major amount of a

10 polyfluoroalkyletier base fluid, (2) a minor amount of a thickener

for the base fluid, and (3) a rust and corrosion inhibitincr amount

of a benzimidazole. zL.

More specifically, the grease composition consists essentially

of (1) about 65 to 72 weight percent of base fluid, (2) about 26.5

15 to 34.5 weight percent thickener, and (3) about 0.5 to 1.5 weight

percent benzimidazole, based upon a total of 100 weight percent.

The benzimLidazoles can be used in larger amounts, but use of the

larger quantities provides no added advantages. However, it is

usually preferred to employ at least 1 veight percent of the ben--

20 zimidazole. It has been found that when Is* than I weight percent

of the additive is utilized, the grease provides les proteotion

to ferrous metals under conditions of high hmiidity and mild tem-

perature or under conditions of high temperatu. fhe thikmer
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can be used in smaller or larger amounts with corresponding larger

or smaller aLounts of the base fluid to produce softer or thicker

greases without 3erradin- the properties of the greases.

In qeneral, any suitable polyfluoroalkylether can be used as a

asc" fluid in, formulating a grease of this invention. However, it

is preferree to utilize b)ase fluids havinc the following structural

forrulas:

(a) C' 3F0 (FcrF0 nP',

CF--cr3

in wnich i° is a ,erfluoroallyl grouip containin.! 2 or 3 carison

I0 ators, an(- n is arn intoger ranriinc! frc-r S to 50, inclusive. crefer-

ably fror.T i' to 40, inclusive;

(U) 0 ( C3F~oO)p-(CF2 f)C-( F_,O.) - Y,

in waich C3 F C11d C 2F4 are perfluoroalkylene groups having t e

structure -CF., CF and CF2 CF. , respectively, and the three eif
CF,

1$ ferent 4erfluoroalkylene units are ranorly eistriuted along the

chain, P, Q an6 R are average indices of coMiosition and only P

and/or R can be zero, the sun P+Q+R has a value between 2 and 200,

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

value of fro 0 to 10, X and Y are terminal groups selected from

20 the group consisting of -CF3 , -C275, -C3P7 and -CF-O-CF3 provided

C? 3

that both terminal groups X and Y are -CT3 when both indics P and



R are equal to zero, the terminal groups are the same or different

from each other and are selected from the grout consisting of CF3

and C2F 5 when only index P is zero, and when P is different from

zero, the two terrinal groups are the same or different fron each

other and selected from the group consistlnq of -C?3 , -C2 F5 and

-CIF7 , or one of the terminal groups may be -CFo-Cr-; or

CFT(c) fo(CF2CF20)x(C ' 2 0) y~ ,

in which If is CFI or C 2 5, x and y are integers whose sum is

1etween 2 and 200 and the ratio of y to x is between 0.1 and 10.

10 Y'he value of n of corpound (a) is usually such that the com

pound has a kinematic viscosity ranqin from al-out 16 to 320 cen-

tistokes, preferably about 270 centistokes, at 1000F. The values

of P. Q , and R of corpound (b) are generally such that the com-

pound has a kinematic viscosity ranginT from about 4 to 520 centi-

15 stokes, preferably about 90 centistokes, at 1000r. The values of

x and y of conpound (c) are often such that the compound has a

kinematic viscosity of about 130 centistokes at 1000F.

Perfluorinated polyalkylethers corresponding to the aforemen-

tioned formulas are comercially available compounds that are des-

20 cribed in the literature. For a detailed description of methods

for preparing the compounds, reference may be made to U.S. Patent

iio. 3,242,218 for compounds corresponding to formula (a), to U.S.

Patent No. 3,665,041 for compound* corresponding to compound (b),
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an( to U.S. Patent No. 3,715, 72 for componds corresponding to

formula (c).

As a thickener, it is usually preferred to utilize a fluori-

nated ethyleni propylene como:lymer or polytetrafluoroet Vylene. The

5 copolyner generally has a rolecular weight of about 120,000 to

190,300, preferably about 140,000 to 160,000, and a density of

about 2.311 to 2.47 q/cc. The polytetrafluoroethylene usually has

a molecular weight of aLout 2000 to 50,000, preferably about 10,000

to 50,010, and a 8.ensity of alout 2.15 to 2.28 q/cc. Viese poly

10 noric thickcners are well known naterials that are described in the

literature.

The renziridazole antirunt and anticorrosion additives used

in t1e grease compositions have the following structural formula-

1.1/

15 wherein R is i!, hydrocarbon alkyl, hydrocarbon aryl, perfluoroalkyl

or paerfluoroalkyleneether. Examples of hydrocarbon alkyl and per-

fluoroalkyl groups include those having the formulas CaH 2a+l a

CaF2a+l, respectively, where a is an integer frou 1 to 10, inclu-

sive. Examples of hydrocarbon aryl groups include phenyl, biphenyl,

20 tolyl, xylyl, and naphthyl. Suitable porflooroalkyleneether groups

include Cy2 (OCF2 2 ) Cy2 F5 , where y Is zero or an integer from 1 to

10, inclusive, and CF(CT3 ) [OCF2 CT(C7 3 )] 0C3F7 , where z is zero or

an inuger from i to 10, inclusive.
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vroceetirer, for viri~tc -nzir!i7a role a(76itie n~i

R ijliy,(rorrnn, hyk; rocarbon nyl1.hdrocarl-on aryl anU. i~crfluorv

alrlar e cr c in the , literatur .-,. in r3efe''

!~ei~r~ycicCo':ur. Jr1 n ,, n-1ons, U'ew York,:, hew Yo'r

An exem-plary Cre-:r isclosec' in th i 1itrattur- for prenarinc,

various >utitt& eniiao can -e rerese-utew 1-y toe

+~L +(1

00

In equation (1), r. Li cart I- any suite~le orqanolit!Aiur cos-tj'oune~

. ~, one in which P' is CI; C T! o r %r. '- senfom

0

tdon (2), the aciO chloride RCC1 is the source of the R group,

which can lie, for exaumple, a hydrocarIvon alkyl, a hydrocarbon aryl

15rr perfluoroa1)yl group.
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A procedure describe in the literature for preparing. 2--sW,;-

stituted benzimidazoles in which R is hydrocarbon alkyl can be

represented by the fo.lowinc, equation:

-T

+ n.CO,:l .- . . )

As seen fro. tce equation, o-daxminoijenzene is reacted directly

witl, an aliphatic acid to give the ben7irJCdazole.

The benzi.idcazoles in which R is a Perfluoroalkyleneether

radical are new compounds which can be prepared by a process which

in not described in the literature. The process involved in their

10 preparation is illustrated by the following equation-

+ RC -OC I T3 . .. ......

(I) (IIZ)

As shown by the foregoing equation, o--eiaminobenzene (I) is reactd

with imidate eter (II) in the presence of glacial acetic acid

(MAC), utilizing hexafluorojiopropanol (IFIP) as the reaction

15 medium. The reaction temperature usually ranges from about 45 to

50"C. The reaction tine usually ranges from about 1 hour to 4 or

5 days.



~~~~~~~: ';2 -l*~.14~~ceitry. -G -724 (ICC---) , a vari(-t-,

i~iat ~ can~3 .73-rnthtgj-3c frof a variet,', of fluorine

cotta~.ii' ~dri* ~ T tlc -, rocess is ,iarticvilarly sultal--I,

fur .7%reirilc! 2 9I.titUtC13 1--2n~iridazc].e adOitives in krhic:- 71 is a

~~ a3 ecrL~ ar.;ove. it cat! also :;e Or;;.A~r-i(cc.

to S-VI ti'lize >o ricz1sin whichk Tk is' a ~r1rc, 1-lv

(c i F 2a+I) . A ;-,ore corplete: discussion of the. zynt.Tesis or the

fluorine aontainirr 1-exirTi(dazoles can Ihe- o'-tainee- Iy referrin- toc

our coPeii(Li-C- u.S. licatiorn Scgrial 'Jo. (m,-v. ;'o. 13,830), filed-

t!7ep, I isclor'ure of Which is ncr prar

15 hereIM y reftrecre.

mrce cniaprei',.nsivro wni rstar~ling of the- invention can :--

obtained i*~ r; !crrlr,- to the followint- illustrative ca.arples which

aro not intondeC, how:over, to 1,e unduly lim'itative of the invention.

20 A series of runs wag fcarried out in which grease oximpositions

of this invention were formtulated and tested. As a bas fluid

there wax used a polyfluoroalkylether having the following forn'wla:

C370(CCF 0) ~C P5 0

Cy3
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where n is an inteqer havin, a value such that the fluid has a

:inerimatic viscosity of 270 centistokes at 100Or. -_e nase flui, 'W'as

;rytox 143AC fluie. a product of --. I. duPont ee ;ermurs and Ccr

jany, '-ilzrington, .melaware. The thickener useO was a fluorinated,
cope!yor of eth:ylene an 3ro:ylone havina. a rolecular weight of

ahout 150,00").

The 1enzimieazole additives used in th-e forrulations ha. the

followinq structural fornula;

10 in which R was one of the following: 1., C6 H1 9, C 5 CF(CF3)OCF,

CF (CP 3 ) 0C 3 7 , and CT (CF) [OCFICF (CF, 4)] 4OC3F 7

In preparing the greases, the corDonents were rixed ane ntirrot

until a uniform mixture was oLtained. The amounts of vase fluiC

used range fror 65 to 72 weight percent while the arounts of thick-

15 ener ranged from 27 to 34 weight percent. Each grease compqosition

contained 1.0 weight percent of one of the above-describod benzi

midazole additives. Each mixture was further blended to a crease

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

rollers set at an openina of 0.002 at about 779F.

20 The several grease ocmpositions were tested according to

several standard test procedures. The penetration test was oon-

ducted in accordance with Federal Test Method Standard 791a, Method

10

- umm ~ mm- - - - - - -
m u i l m l
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313.2. The rust preventive '-roperties test was carried out in

accordance with iiathod 4012 of thle samre standard. The high te.-

perature corrosion was deterrined in accore-ance with th-,e method set

forthI in Tech-nical Documentary Relport A'[L TVR-69-2L. i'he results

S of the tests ar- se forth 'hereiniaftar in the tahie.

r' - pLE II

A series of runs was conducted in whic greases were prepared.,

utilizing: as descrt-ed in 3xamrple I, the sane& thickener and Lenzi-

midazole additives and amounts thereof as well as the same anounts

10 of a polyfluoroalkylether 1-ase fluid. ':ouevor, the polyfluoroalkyl

ether had the following structural formula:

XO (--C 36C) - (CF? O)- (CF 4 -O*p -Y,

where X and Y are CF., C2.F5 , or C3F7 and P, Q and R are integers

such that thee fluid "has a kIneriatic viscosity of about 90 centi-

1s stokeri at 1C0*r- 7h base fluid used was Pomblin Y fluid, a pro-

duct of Ionte lson, S.p.A., Milan, Italy.

Tghe greases were fornulated and tested according to the pro-

cedurns descriled in Example I. The results of the tests are shown

belov in the table.

20 .XA3PLJ III

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

utilizing, as described in Example I, the same thickener and bonsi-

midazole adeitives and amounts thereof as well as the swn amounts

11



of a rjolyffluoroallylet?' er lese fluic*. 7owevcr. t~ie :)olyfluor

wl.eroin is f2Ir or CF,, aric x an(-- Y arn intecers woevalues

are sticl t'Lat t>.±: cc ,on a -,- ai-.t~ viscosity of a "x-ut 12C,

cetisLk--,s at 1,-0" T-e >,ase fl.,,Ucl usek- ;.'as -.rayco P-5 fluilf

a 1iotct or 'ray0 1i -o. , Looi. Calif.

.,c we-e~ ro fori':ulatc; .rt test(d aiccorc.n to the prc

cec~ures d r~tUin "r'1 . 'T!:C- re~t f t; teStS are s~ort~

10 horein-aftc'r in L';e. ta;ile.

:'Y~Pf;IV

A. .vrieos of runz w*as conducter' in whllcl gr,.sos were prcpare~ci,

utiliriv:.i as doscri!-ed in. xa 1 , t'. samr ' aso flui C ano enzi -

ric.-azola a0'litives ank- ar:'ountq tl1;:renf as wo-l] as the sar'n al-.ount

ri of a t -clkener. '.oitever. t'e, t;-Je~ner was ?';olytetrafluoroet~iyl-re-

havinc; a moclecular woiczht of a!-4-nt t0CO

T.he croases w~ere form'ulatee and tested according to the p)ro

cedures cescrizkee in h.xamnpe 1. 71he results of the te~to are shown

lielow in the tal..

20 EAJMPLL V

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

pared, utilizing, as doscribed in Exarmple 11, the same Lase fluid

and benzimidazole additives and am~iunts thereof as well as the sames

12



arount of thiceoner. !io-evnr, the ti-iciner used was -olytetra

flucroet2ylcno havinq a nolecular veight of aOut 30,100.

4he qgreases ;ere formulateJd and tested according to the pro

codures descril.eC in Txa1e I. The results of the tests are set

5 fortI, below in th table.

A series of runs was conducted in which greases were ropared,

utilizing, as described in 'xa.,ple II. toe sane base fluid and

.. nziridazole adeitives and amounts thereof as well as the sae

10 arx-unt of thie,--ener, !however, the thickener used was polytetra-

fluoroethylane "havinq a nolecular weight of about 30,000.

The greases were formulated and tested accordinq to the pro-

cedures Ciescriee? in Txample I. Thie results of the tests are sliown

!;elow in the tahle.

15 EX=4PWL VII

Control runs were carried out in which greases were prepared,

utiliznq the hame fluids and thickeners of Examples I, II and III.

The greases consisted of 70 weight percent base fluid and 30 weight

percent thickener and did not contain any bonximidauole additives.

The greases were formulated and tested acoording to the pr oe-

dures described in Example I. The results of the tests are included

1llow in the table.

13
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-,t ) i~ e m.reratur Corrosion ( ¢)
7,Qn-.tra-- R uat Pre.- -450*F, 72 h)ours

i! t rs Proiortios steel Stee steel1 stee n

GAC?77 P 4"9 Pass Pass Pass PASS
T 12.,ST Pass Pass Pass Pass

........ Li -. TAsS rPass Pass Pass P
2.. . a S v Pasa Pass Pass rass

.l V 2 Pass Pass Pass Pass Pass

* .alc VT 2- Pass Pass Pass Pass

CS f luif .31ai .~ rail Fail rail Pail

P:asc(; or. 9' (

Cs fluid. 310 -31. .a i Iail rail Pail rail

"',Zsed or,. i 110()
cs fluid 292--2r2 Fail Pail Fail Fail. Pail

(1) Ranqe of -penetration values of the various greases formulated in Fxamples.
(2) Federal Test XetI)od Standard 791a, Method 4012.
(3) Pass - k7o rusting or corrosion, a maximur of 3 spots allowed.

(4) A ML-TR-69.-290.
(5) Fail More than 3 rust or corroded spots or pitting and otching.
(6) Control rins.
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As seen from the data in the foregoing table, the grease cou-

positions of this invention do not cause rusting of ferrous metals

under mile, terrperature and high humidity conditions or corrosion

under conditions of high temperature. The antirust and anticorro-

sion properties of the greases are directly attributable to the

presence of the benzimidazole additives. 'us, when the additives

were oitted as in the control runs, rusting and corrosion of the

ferrous tals occurred as a result of contact with areases Iased

on polyfluoroalkyletler fluids.

As will Te evident to those skilled, in the art, modifications

of the present invention can ie made in view of the foregoing

,Cisclosure without de-Parting from the asirit and scope of the

invention.
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A23TRACTr OF TIM2 DISCLOSUR!

An antirust, anticorrosion grease comnposition coImtrising a

r..ajor arv-ount of a poly f uoroa]Jhy lether ),ase fluid,. a minor ariournt

of a fluorocarbzon pol-mer thickenini~ Agent, and a rust ane, corro

sion inhibiting ar-sout of a 1,enziniidazo1'n.


