WD 02/ 077137 PCT/ US02/ 00723 -1 LOW FRI CTI ON GREASE FOR CONSTANT VELOCI TY
UNI VERSAL JO NTS FIELD OF | NVENTI ON [ 0001] The present invention rel ates
to a greaweeonpesition particularly wuseful in drive joi mrcg/usoberent wheel
drive vehicles. BACKGROUND OF | NVENTI ON [ 0002] Front wheel drive vehicles
enploy front drive joints often referred to as constant velocity joints
(CVJ) which require lubricating the joiht to protect against wear, to
reduce friction and vibration and to increase the life of the joint.

[ 0003] One type of CVJ lubricant is a grease conposition conprising a
purified mneral oil, as a base oil, and a lithium soap as a thickening
agent. Another type of grease used for CVJ conprise a base oil and a urea
type thickener. [0004] CVJs experience significant pressures, torques and
| oads in use. ConsggweRidiioN GREASIHEERSENSCONPBSLIOCITYNANIVERSAL 201Nys cont ai n
extrenme pressure additives such as nol ybdenum di sul fi de, nol ybdenum

di t hi ocarbamates, sulfurized fats and oils and olefin sulfides. [0005] A
prine reqFIEEDeOF INWVESTION eases is that they be conpatible with the

el astonmers and seals used in these joints. [0006] To provide a CVJ grease
with low friction properties additives such as ashless dithiophosphate and
zi nc di t hj@@0idsphaiThe gresent irentioprelptes. to Bhgreese composition particularly

useful in drive joints of front wheel drive vehicles.

BACKGROUND OF INVENTION

[0002] Front wheel drive vehicles employ front drive joints often referred to
as constant velocity joints (CVJI) which require lubricating the joint to protect

against wear, to reduce friction and vibration and to increase the life of the joint.

[0003] One type of CVJ lubricant is a grease composition comprising a
purified mineral oil, as a base oil, and a lithium soap as a thickening agent.

Another type of grease used for CVJ comprise a base oil and a urea type
thickener.

[0004] CVIs experience significant pressures, torques and loads in use.

Consequently, CVJ grease compositions typically contain extreme pressure

additives such as molybdenum disulfide, molybdenum dithiocarbamates,

sulfurized fats and oils and olefin sulfides.

[0005] A prime requirement for CVJ greases is that they be compatible with

the elastomers and seals used in these joints.

[0006] To provide a CVJ grease with low friction properties additives such
as ashless dithiophosphate and zinc dithiophosphate are often employed. These

additives, however, are incompatible with silicone elastomers used and seals in

many constant velocity joints.



additives, however, are inconpatible with silicone elastonmers used and
seals in many constant velocity joints. WO 02/077137 PCT/ US02/ 00723 -2
[0007] Owoabjoeus? of the present invention is to provide RQTiUsp2/007es],
silicone el astonmer conpatible, grease, especially a low fiction CVJ grease.
[ 0008] Ot her objects w il beconme apparent upon a reading of the specifica-
tion that follows. SUVMARY OF | NVENTI ON2[-0009] The i nproved grease
conposition of the invention is conpatible wth silicone elastonmers and is
particularly useful for CVJs. The grease conposition conprises a urea
grease conposed of a lubricating oil and a urea thickener and an effective

anount of j Ccti reduci ng,addi tive paci EIN: jculite,
nggybqenurhﬁg%tul f e SRS oRPRTRcel TaYERtoR S co PG, fn ABPITYSE e
additive -&ﬁgl ' ' | ' R0 } crons and
pr ef er abl %ﬂge 0\?\? gﬁgﬁft& fgﬁl;ﬂagrg%eggédg%A EE%H%%S%%IL g‘i\r(f ON %tyJ eEahdll’éll'\IVEl\l'l'l ON
[0010] The base oil used in the practice of the present invention may be a
m ner al Ol[hogi] a_SYNhREbbfechWIIPES M afpdre ¥péifa @eadiﬁgeﬁ'tﬁey%ﬁﬁif@ca-

| ubri cant. anpl es of mneral oil include 60 neutral oil, 100 neutral

oi |, 150 niut that falldws. 300 neutral oil, 500 neutral oil, bright stock
napht henic oils and bl ends. Exanples of synthetic oils include

pol yal phaol ef m pol ygl ycol, pol yol ester,
SUMMARY OF INVENTION

[0009] The improved grease composition of the invention is compatible
with silicone elastomers and is particularly useful for CVJs. The grease
composition comprises a urea grease composed of a lubricating oil and a urea
thickener and an effective amount of a friction reducing additive package
comprising vermiculite, molybdenum oxysulfide dithiocarbamate and potassium
triborate, the additive package solids having particles sizes below about 40

microns and preferably below about 10 microns.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The base oil used in the practice of the present invention may be a
mineral oil or a synthetic hydrocarbon oil having a viscosity of a lubricant.
Examples of mineral oil include 60 neutral oil, 100 neutral oil, 150 neutral oil,
300 neutral oil, 500 neutral oil, bright stock naphthenic oils and blends.
Examples of synthetic oils include polyalphaolefin, polyglycol, polyolester,
polyphosphoric acid ester, silicone oil, alkyldiphenyl, alkylbenzene, and dibasic
acid ester. These base oils may be used alone or in the form of a mixture of two
or more of them. Itis particularly preferred in the practice of the present

invention to use a mixture of bright stock and polyalpha-olefin oils.



pol yphosphoric acid ester, silicone oil, alkyldiphenyl, alkylbenzene, and
dibasic acid ester. These base oils nmay be used alone or in the formof a
m xt ure oWotoa®7718T nore of them It is particularly prefercadiSoznodrhe
practice of the present invention to use a m xture of bright stock and

pol yal pha-ol efmoils. WD 02/077137 PCT/ US02/ 00723 -3 [0011] The base oil
will conprise a major portion of the gré&ase conposi- tion. For exanple the
base oil typically will be in the range of about 65 to about 95 wt% based
on the total weight of the conposition. [0012] The grease conposition of

t he prese hoventi L el it ) ' 'gllglgdg_rs
I ncl ude dirIE)P(!lag]\/and %%#ga co%13gaﬁggﬁ%ﬂﬁgﬂﬁﬁgﬁgﬁonp%?/@llﬁ%gagg?r?p ngs. [ 0013]
Exanpl es alondi Boeéxaampipabietiasd oit kyjsieallyhask belih theethgblufabont 65 t¢ abouti on of
a nonoanmne with a diisocyante. Exanples of diisocyanates include

phenopl end®Xiivit%o bgsatk en thei tored rwyeighi gﬂa@mmm%t adecene diisocyante and
the |ike. Exanples of nobnoam nes include octylam ne, dodicyl am ne,
hexadecyl - am ne and the like. [0Q14] Anong the higher, pol yurea conpounds
usef ul i n [0A&2r actlheesrgpse ¢ranpesier of thepepentdpverton wmekudes¥icaed by t he
reaction .an _am.e wth. di i.socyant.e congqund such as i hose .nenti oned
above. [0 evﬂ'tfkg)lﬁ?lat@ﬁ%fge@fmf: edfr“érseé‘r#lﬁi “%Lt"ro&ﬂp(i“fmfssm%ﬁggg?lr ed to
use the Ur[ﬁﬂjﬂnte [ hﬁi?)% knh an anount ranging fromabout 2.5 Wt % to about 30
wt % based “on L nds.

[0013] Examples of diurea compounds include those obtained through a
reaction of a monoamine with a diisocyante. Examples of diisocyanates include
phenoplene diisocyante, diphenyl-diisocyanate, octadecene diisocyante and the
like. Examples of monoamines include octylamine, dodicylamine, hexadecyl-

amine and the like.

[0014] Among the higher polyurea compounds useful in the practice of the
present invention are those obtained by the reaction of an amine with a

diisocyante compound such as those mentioned above.

[0015] In the practice of the present invention it is preferred to use the urea
thickener in an amount ranging from about 2.5 wt% to about 30 wt% based on

the total weight of the composition.

[0016] The grease of the invention includes an effective amount of a
friction reducing additive package comprising vermiculite, molybdenum
oxysulfide dithiocarbamate, polyphenylene sulfide, and potassium triborate, the
additive package having particle sizes below about 40 microns and preferably

below.about. 10 microns, and_even_as_low_as_1 micron_or less..

[0017] The vermiculite component of the additive package is a powdered

thermally expanded magnesium-iron aluminum silicate.



the total weight of the conposition. [0016] The grease of the invention
i ncludes an effective amount of a friction reducing additive package
conpri si nyowesmitaul i t e, nol ybdenum oxysul fide dithi ocar b@catiesp2/00723
pol yphenyl ene sul fide, and potassiumtriborate, the additive package havi ng
particle sizes bel ow about 40 m crons and preferably bel ow
.aboutl O_m crons, _and even_asJow_ _ashnidcron_orless... [0017] The
vermiculite conponent of the additive package is a povvdered thermal |y
expanded magneS| umiron alumnumsilicate. WD 02/077137 PCT/ US02/ 00723 -4
[0018] Thgg bdengp ﬁég?ﬁjdehhﬁﬁoﬂshm(f@&m%eﬁ%ﬁnﬁfte bhtheadlliifivye  package
is a conpound epresente the flormul a: R2/ N S\S Mb 20xSy 2
wher ei n eqid@kmgeﬁlaedﬂdpa&ldir@remwbhyddmfmﬂn.al kyl group of from1 to 24
carbon atons, an aryl gr or al kylaryl grqup of from6 to 16 carbon atons
and wherein x and y arejnunerical values grleater than zero and | ess than 4
and the sumof x and y is 4R1 0019] ﬁie pollyphenyl ene sul fide or poly
(1, 4- phenyl ene sul fide) WGised | t he ditive pa&k%ge is a thernoplastic,
injection nolding resin avail abl N+ S

R, \S

2

wherein each of Ry and Ry are independently an alkyl group of from 1 to 24
carbon atoms, an aryl group or alkylaryl group of from 6 to 16 carbon atoms and
wherein x and y are numerical values greater than zero and less than 4 and the

sum of x and y i1s 4.

[0019] The polyphenylene sulfide or poly (1,4-phenylene sulfide) used in
the additive package is a thermoplastic, injection molding resin available in

powdered form.

[0020] The potassium triborate used in the additive package is an
amorphous inorganic solid. A commercially available suspension of the
triborate in an oil has been found to be a useful component in the additive

package.

[0021] Typically the weight ratio of vermiculite:molybdenum oxysulfide
dithiocarbamate:polyphenylene sulfide:potassium triborate will be in the range

of about 0.5:2:1:1 to about 5:20:10:10, and preferably 1:3:2:2.

[0022] Also, the additive package will comprise about 0.5 to about 30 wt%

of the total composition.



powdered form [0020] The potassiumtriborate used in the additive package
is an anorphous inorganic solid. A comercially avail abl e suspensi on of
the tribwoakme7iia7 an oil has been found to be a useful comgearEsaz/oi7es the
additive package. [0021] Typically the weight ratio of

verm cul i te: nol ybdenum oxysul fi de dithi ocarbamate: pol yphenyl ene

sul fide:potassiumtriborate will be in-fhe range of about 0.5:2:1:1 to
about 5:20:10:10, and preferably 1:3:2:2. [0022] Al so, the additive package
will conprise about 0.5 to about 30 wt% of the total conposition. WO

02/ 077137 BBAMIEORE$ 00723 -5- EXAMPLES [0023] A grease was fornul ated by
conpoundi ng the ingredients shown in Table 1. TABLE 1 Conponent Type
Supplier W% Base O Bright stock/PAO NA 71.74 Thickener Pol yruea NA
12.26 FP$p023)r m cll pteasdival foalated?bydcolpbyhdiagtie igredeents/sshowsid f i de

R T. Vanderbilt 6.0

Table 1.
TABLE 1
Component Type Supplier Wt%
Base Oil Bright stock/PAO NA 71.74
Thickener Polyruea NA 12.26
FPSV Vermiculite W. R. Grace 2.0
Molybdenum
Molyvan A Oxysulfide R.T. Vanderbilt 6.0
Dithiocarbamate
Oloa 9750(D Potassium triborate Chevron 4.0
Ryton Type VT~ Lolyphenylene Phillips 66 4.0

Sulfide

NA - not applicable

(DOloa 9750 is a suspension of potassium borate in an oil.

[0024] The physical properties of the grease are set forth in Table 2.
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VT Pol yphenyl ene Phillips 66 4.0 Sulfide NA -
i s a susp@ponief potassium borate in an oil.
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02/ 077137 PCT/ US02/ 00723 -7 [0025] The el astoner conpatibility of the
grease was determ ned by

-7-

[0025] The elastomer compatibility of the grease was determined by
immersing elastomer samples in the grease for times and at the temperatures
shown in Table 3 and thereafter measuring the change in elongation and tensile
strength of the sample using an Instron tester at a load of 200 1bs. and a cross-
head speed of 2 inches/minute for the Hytrel elastomer samples and 100 1bs. and

20 inches/minute for the silicon elastomer samples.

TABLE 3
Test % Change, % Change,
Elastomer Conditions Elongation Tensile
Silicone Total Immersion -9.09 -13.17

13 days @ 150°C

Total Immersion

Hytrel 10 days @ 125°C +1.33 -11.49



I mrer sing el astoner sanples in the grease for tinmes and at the tenperatures
shown in Table 3 and thereafter neasuring the change in elongation and
tensil e woroegtih7 of the sanple using an Instron tester atrcCa/usozo7es 200

| bs. and a cross- head speed of 2 inches/mnute for the Hytrel el astoner
sanples and 100 I bs. and 20 inches/mnute for the silicon el astoner

sanpl es. TABLE 3 Test % Change, % Chang8- El astoner Conditions El ongation
Tensile Total Imersion -9.09 -13.17 Silicone 13 days @ 150C Hytrel Tot al
I mrersion + 1.33 -11.49 10 days @ 125C WD 02/ 077137 PCT/ US02/ 00723 - 8-
CLAI MS: 1CIAApviSBase conposition for a constant velocity joint conprising a
urea grease conposed of a lubricating oil and a urea thickener and
containing an effective anmount of a friction reducing additive package

conprising vermculite, nolybdenum oxysul fide dithi.ocarbamate,. .
pol yphenyl ene sul f ildegag{ﬂaﬁ?o‘{oé%%(?%ﬂ?nﬁri 3 gongtant ‘?ﬁoer%loe%mgl?lél?laﬁ %f claim

1 wherein the.addl LmGoRarsPPRIRAinR ¥l difd £uilZBTKAREP ¥ FBOMhiAg FhCT Ons.

effective amount of a friction reducing additive package comprising vermiculite,
molybdenum oxysulfide dithiocarbamate, polyphenylene sulfide and pofassium

triborate.

2. The composition of claim 1 wherein the additive package has

particle sizes below about 40 microns.

3. The composition of claim 2 wherein the particle sizes are below

about 10 microns.

4. The composition of claim 2 wherein the ratio of
vermiculite:molybdenum oxysulfide dithiocarbamate:polyphenylene

sulfide:potassium triborate is in the range of about 0.5:2:1:1 to about 5:20:10:10.

5. The composition of claim 4 wherein the additive package

comprises from about 0.5 to about 30 wt% of the total grease composition.

6. A grease for constant velocity joints comprising;
from about 65 to about 95 wt% of a base oil;
from about 2.5.to.about 30_wt%. of a urea thickener; and.

from about 0.5 to about 30 wt% of an additive package consisting
essentially of vermiculite; molybdenum oxysulfide dithiocarbamate; poly-

phenylene sulfide; and potassium triborate suspended in an oil, the additives



3. The conposition of claim2 wherein the particle sizes are bel ow about
10 mcrons. 4. The conposition of claim2 wherein the ratio of

ver m cul iwe:morybdenum oxysul fi de dithi ocar bamat e: pol yphemrygirdarse2/00723

sul fide:potassiumtriborate is in the range of about 0.5:2:1:1 to about
5:20:10:10. 5. The conposition of claim4 wherein the additive package
conprises fromabout 0.5 to about 30 wt$%-of the total grease conposition.
6. A grease for constant velocity joints conprising: fromabout 65 to about
95 Wt % of a base oil; from-about.2.5 to. ab out 30 wt% oa urea

thi ckener ha3iih pdrtield AbedbelBwbatidut a0akicrais Mdprtedinatdiphthgenackage
consisting essentially of verm culite; nolybdenum oxysulfide )

di t hi ocar hesigheratipodfyverphienlyte ahithicearbardate: polyplpotydess sutideithberates uspended
inan oil, the additives W) 02/077137 _PCT/ U§82/ 00723 -9 having particle

si zes bel dhe sangerofiabapt §-os1:dde aboute#0:1410he package a weight ratio of
verm culite: dithiocarbamate: pol yphenyl ene sul fide:tnborate in the range
of about 0.5:2:1:1 to about 5:20:10:10. 7. The grease of claim6 wherein

the additives in the phckiefeaifRlailtl 6 ¥fitreinthe ataitives @h tHe Package are

present in a ratio of 1:3:2:2.



