10

15

20

25

30

35

WD 2004/ 074413 PCT/ US2004/ 004666 5 New Low Noi se
Grease CGelling Agents FIELD OF THE | NVENTI ON The
w@e@gon413 nvention rel ates to grease gelling aPenUS2084004666

nore specifically to grease 10 gelling agents that
provi de greases exhibiting | ow noise characteristics.
BACKGROUND OF THE | NVENTI ON The qui et runni ng
properties (NONe®) L& NbiRASRass 6RHingOASeHs | cat e deep
groove ball bearings have becone increasingly
i nportant to bearing manufacturers in their selection
of 15factoryf|II ¢ |y, bearing
manuf act urers beccnr’f rlcgz\a@%ﬁ%er ned about
ITha presgnivintentibh oelateh tt gromeigebimicedentt aad moasspruifichllpto grease
sound as t he demand ew for quieter nachines. As

gelling ggents HgkpiRerde Sheases ‘H‘%&?lil%g fovagise hagrcksisEes: becom ng
i nherently | ess noisy, the noise contributions of the
greases used to lubricate them becane increasingly
appar ent. ConBA@iGROVIND OF HEHEJIN VNGO

e R e A
beann% %ﬁ@é@ec"o&eﬁﬁ@%ﬁs‘ﬂ%ﬁ ghs@tant tb RAehs hRRufEREES iptheRReREtion of

earin fe € presence of contam nants pr onot ed
factorygnl mws gHesteresally dreesng n‘wnufac@r@ab@anm igereasiegly mtg:emed about

sethea ten deg t reas
vearing GRS ol PP PP ks B DI R e B A0 o A0icRS
machink§ €ASbedrt geivicie mBeih@Nedinee &lératcek, BeomM gl iRBetght1RSS noisy, the
grease manufacturers would agree t hat know ng the
noise Cﬁ@i‘@é’ﬂ@ﬁaﬁé@ FEFses Prest t@ﬁubawgiegh@@ baesaze ineteagpglyjagparent.
Conseqilrly, Shbiof Bedr e SRR Akl ool S S Anrushfacion tha
allowemﬁi’eeﬁdﬂﬁhﬁﬁ&flthwroﬁ&ﬂdungh wi pieadt tb beassesssd Ha adigioa) dorrelatlon of

i lity of ball_bearing greases, G ease nmanufacturers
bearing g H5rmEc3716t O LROMEBHERIRRTARHA Y8 PE7PLSE CGRERTY Py @roase noise

testing bB&hbe ﬁ%%géﬁ?ﬁp?mﬂ'?éjoﬁéﬁ Ilﬁa&ﬂ%at @és'e %?se m%@ ArrBMtedd 81 presence

grease nol se quality I's deter are to
of contgronantsuad thersfoppiith slg:tr@asébearmgtlife AEh(Dug]Dgnost grease manufacturers
manu{lwgt uri.ng..i ndust rrease. no

30 Alth ..
would {5s kNG maTH O e lanfRadtsot Sutehst A0S Ty B Ak esfident

inform¥A to lall8wRRSdictidnVETMhY 1ifel of aftRAA Sy BB cfba AL nbRE testing is
i nstrunent, test bearing, or test protocol has been

nonethddsspn@dasuygly ssadie nssgpethis everalh aualetrsf@f bell beainigrgeases. Grease

manufa\rc}’gqx%s { Cetr?lj re 1&,1%[& : n?ca ! h'd; 1@%&% nr?%)sles uglgtéfs o ?}helr @égﬁcts and with the

various Betbbdd Bivhichigheads Rois@udlity 14| Rtdrinired if they bﬁﬂblcﬁgtmue to supply
manuf ac-, turi nga§| ndustry, where each major bearing

greasesrta s brarine spank s g drdisey i ts own proprietary 35

:Agﬁfggl éa?ée i % t@&ﬁngfﬁ% ggégﬁt’élﬁ %&J?cg%'f%{rugl\@ﬁo&g @gﬁdﬁﬁgﬂé)&’ver the past

twenty-Gonyeald, ho \sanéafgeest mstrtﬂmemr; testiseaying hattesti pesodol hadseaadepted by

either gg;;@tp gggp%%?%% C onéé%%l?ﬁé%tg%g%d&r?nsét il %1 ; he qtgclzteg er n\?alrl%%r of

proprietary grease noise testing methods is currently in use, par)ticularly in the bearing manufac-

turing industry, where each major bearing manufacturer has developed its own proprietary
instrumentation and methods. In addition, each method is considered by its proponents to
provide a competitive edge for the company that uses it.

Because of the above considerations, testing the quiet running (noise) properties of grease
has been an issue. Originally, a manual test was developed which allowed assessment of the
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has been an issue. Oiginally, a manual test was

devel oped which all owed assessnent of the -1 WO
wWQoMN0A4113 PCT/ US2004/ 004666 5 runni ng pr opeCT/UsR00604666

a batch of grease by the feel of a bearing packed with

1t th [ e s th
running bop et OFp PR B AeRa intnSleel SPL b Db P aRRGMIER e s the noise
quality lo® Wedrings therhseWe ithS6eéd itfechaa hédh@sa‘ty EU’ s dtlﬂélto diech lower and
result, Chevron Research (R chnond, an usin

lower leresd ¢f kegrip sibraipny iAsraieswh Ghevion Reégétreh (1%1& ond, CA) egan using a
modlﬁéf‘éjegafxﬁg%b%tion C}Qvél %%hr] éé& ?Igego?@&%xﬂ ? %gtl ft%IP éags?eglﬁdgse and began
careful pr i3S tlhg eﬁfacts abh&ﬁum agd pavessiny wariablEb @n bfease noise. The

anderoneter, which was_originally developed to assess
anderomgier.iVHYC, V8 QrgIBAkY d%y@%ﬁpr«iigo SYE DGHES YiRatiopal gy, measures the
radial d‘ﬂ%ﬂ&@eﬂféﬁﬂ Sthe Sfitef NEe OF4 ﬁéarﬁlg(é@ a%néi‘lo QRlitk RStadch. aIn fact, the name

nction of I1ts rotation e nane anderon
anderon & mcauwunﬁam"ﬁrtgularalagmtane odi ghei raémal dﬂeplaéemdm" rlagihgbical terms, the
ter . the anderon is

andero R ES S g B R TR A RligR e « ot At on. 15 1

anderon = 0.62 m croi nches/radi an. The sensor head,

which is in contact with the outer race, detects

beari ng vi br at i drandds =dkfmwicroisthgszadéanar e anplifi ed

and filtered into three frequency bands whi ch span the

range of audi ble sound frequencies: 20 Low. 50 - 300

The sertdér hdy@ Oivhith is30Qontdct & thiZ outéli1gtk, ddtedi9Bearing @iQDnHT he sensor
Vi br at j on (nai se% due to grease can be detected in the

signals escnuhifisn anch filjered ieylhessclieapenca dandsawhiehspapdherangs @ﬂldlble sound

sion of the Chevron grease noise test, the highest
frequen\éf‘egor ded vi brational spike recorded in the medi um
band during a one-mnute run was averaged for five

bearings and th aver age re d as the grease
ander on val ue. %t?@‘(rr on IatSQr‘%th%ned its test

i nstrument, addiyigginQi Se Bahsg geeEnt i ng capability.
The pul se counter allows the detection of transients,

which are too fasghto be rgdOr-de@dOBMzt he strip 30

SRR CiPee) Pl i Pty ARt By Hhetisp S pghTiREL, bonds.

In the dafiff 260 Bf heBHekFon d“éi‘@ds% nbRe @Jsﬂ o highdst FecbRRd Rilr8fonal spike
counter detects and displays a figure proportional to

recordediia thempdipmdfand idyring p @nerlmmmtamlm wat averdgst forclive baabpgeand the

hr shold tude | evel. At the end of
averagea%egﬂﬁec' gsst&1 easef%nede A band pul se counter reading

iChen@hdsteprtgintd &s Edsﬁh@trurﬁélﬂ!etddir%qmiﬁk pflset do@ntimdéapanility. The
band sjgnal is exam ned. The first five seconds on the

pulse coppien allaWé thedeipaioapd iigasienis vdhigh arejipp fst todegaepraeron the strip
chart rddbEf3E Sf)uﬁﬁ@ hidsvge spﬁﬁi(le(fe?lqh Koh ARE S (‘ﬁgpl\c{%ducﬁl 4 g&ﬂgsﬂ(%hmg meter

and is recorded on a strip chart recorder, while the pulse counter detects and displays a figure
proportional to the number of vibrational transients that occur above a preset threshold amplitude
level. At the end of each test run, the medium band pulse counter reading is noted and the strip
chart record of the medium band signal is examined. The first five seconds on the chart are
disregarded as start-up noise and the highest amplitude peak (spike) anderon value recorded
during the remaining 55 seconds is noted. The noted results for five bearings are averaged and

reported as anderon spike value/pulse count.
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during the remaining 55 seconds is noted. The noted
results for five bearings are averaged and reported

wa@sgooandgidn spi ke val ue/ pul se count. -2 WO 200B¢DVE2008004666
PCT/ US2004/ 004666 5 Chevron further inproved its

£9350 3 DOpBERED: ot o B MR Bt e

" noise téawn@ﬂufacfﬁm(sb}t SKF Seafli@Coth@any! dﬂm& teRte@lprakddsiadyitioal ability to

di stinguish subtle differences in noise quality anong
distingwjphogphele Wafferrross inRaeien qualisy @?%ﬁ@%@aﬁh% -t %@%ts @fe reported in
t
terms o\gk e?[{odﬁﬁg%%lg)ﬁ‘@ Jﬂﬂ?o sé%?érpglﬁ é?‘ﬂﬁﬁg ﬁ%}feaggcéqﬁx%agﬂég %? tPterms of the
percentagasiineduredimmeésepealkss whidhi falh irf ‘@I deﬁ'nad hmsd@ite gumbsn @hseoise

categorie he n 0.¢c es, are desi.gnated
Categorgpre ‘%@‘gﬂ é@Q]B@fiZ Z%é'* E@f & cer ‘ﬁ?té%\g@és%"flﬁ Iyyg @ sxpater
percentdEEGH ks PHE We@%ﬁm@gre@ %ﬁ‘ﬂégoﬂl& Rl lb@Weaﬁ%ﬂa‘ﬁg@galue.

categories and a | ower peak average val ue erent
@ﬁaset groageesinpogitisndizave anmpagd av theoameunt ofiearng vabration and

arl vi brati.o i bl e nos G.ease nojs
audibledFRt (tedss WpBe o e bFs s BipGUE R g Paiss dnbrd are process
techniqhEELoQ el ®NROPER ParticleE AR SréRe RfRICARE, Rk tHeB@techmques do
particle size during grease manufacture, but these

not impresetthe dve sheds stabilifoer herpiesiviened dnladditiondafovs bmnguwe itis
desuab% thgk Sg%agef ﬁév%tq%?e%g)ﬁ%epne%g?g@gﬁﬁ é{l/%chgwglﬁalbs?a%ﬂl & Fx%ﬁelgagd low shear

andgoodn«rdaufhsmgmaecham cal stability at high and I ow shear
and good heat resistance.  Grease conpagsiti

CHFASE CAMRAGSIHORSHONEARING f Vaatty ohecliant Hugvasss vwft ey fumgtional
groups Elggaccl%éleg @@%egolg{dg lﬂ[glr% é’%&ﬁ’%@??ﬁb gqy E}le@eﬂ% Icta.-lgﬁsld%%'t ﬁ%ﬁiﬁeb the grease
carrier, gné dserea@dngaodicemay da dtitihel disetdy hoa gmam uct may be

utiljz [ tly as a a
US. Palns g 54 72 Beibe ruit 03 G udhan e Boryivdasthe
polyurda8 hA dt 1& Bfr uleA Srope bYW h GRS BN EtefhinafaRE mEfi’l%rs urea

groups and hydrocarbon term nal end nenbers. U.
U.S. Papant &lot 4)486,649 486lo8es% mhlsstuba}ﬁe@keaecp giepser eataiing hmédlydroxylated

compoxﬂ}ggtﬁ%r\e}gﬁao@%g&?l 0 Sﬁl t%ﬂl’lt ?ﬁi%g?%%esgt ﬁéogfeglgesn%ompﬁ?gwn COMprises

a maj o@n@cﬂﬁ@ of® [ﬂb@@hﬂiﬂ%@ll B@%&hl@l%sa péigurkaFBil it iR EW Bbugfsusficient to
lu r|cat|n?qt0|l ase vehicle, a polyurea gellant in an

thickenghebase vebicts teacrease sonsistenexrandremings ampuni ofj ool yhygroxylated

compo C‘Iease consi stency, and a m nor anmount of a
pol yhydroxyl ated conmpound. U. S. Patent No. 4,661, 276
a1.S.Papae Noa4wol 2ue d&clobés@kpﬂ}ﬂde@ﬂ&d&ﬁe@ gitiagd ¢untgniadg a polymeric
.polyneric mterial that, roves t he | ow shear

matenaiflg%

pproyesdhe deye slgqaéétglélht %g@g%ee B@,ﬁ;g%sptcp@ﬁosition COmPIises a
major aS?cﬁEﬁl{ i)P;?ﬁlbﬁcat JTPbRE v % Hll?a(dt fPhd ?&go&h suﬁﬁ?e%t to
vehicle, a polyurea ge n an Srount suiticient

thickentth¢ biservehicke tbagzease hbmm:ertcg, andgp ME®E anOnsi @"[aqndymeIdTng apKa
a m nor unt of a polynmer having a pKa value
value gigals i $¥an 5. 0,
U.S. Patent No. 4,668,411 relates to a diurea type grease composition. The disclosed
grease composition comprises a lubricating oil and a thickener, the thickener being a diurea
compound prepared by reacting a diisocyanate compound with cyclohexylamine and

monoalkylphenylamine wherein the alkyl portion has 8 to 16 carbon atoms.
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U S. Patent No. 4,668,411 relates to a diurea type

grease conposition. The disclosed grease conposition
weowpoiaes a | ubricating oil and a thickener, PEEUS2004/004666

t hi ckener being a diurea 35 conpound prepared by

[ ndo . 1, ohexyl.am

ES R Ry R e R el P S G gpricant
base oiBarida tl;\&kéﬁdfrb Qe @icltaher essantié@y %Gﬁh‘iét@é’ﬂﬁﬂrﬁxture of at least two diurea

PCT/ US2004/ 004666 5 U.S. Patent No. 4,780,23,1 rel ates
compoyrglsg dj urea grease conposition containing a |ubricant

n Lal . . .

gg% ?Tag%rlg I\g)f g aS@?IﬁtS?( Sérigt@% oa %{Jgfse é:lsa%n(f)%gﬂgfél crgr?rglgﬁhé 4 hlr%catmg oil

and a polymypauhidkenet)aiil a Batcesstfof\bs propdratorb Sdoreedpatidisally) the polyurea
. rease conpositio rrsrn a lubricating oil d a,

thlcken%!a RO T RUHEPT 4 A0 Ogymasee 84RonogpIReg %’drﬂg]@ﬁ’atrlalre?@ﬁr weight
polyox Mk ReiPBsifdecal |y, the polyurea 10 thickener is the

reactron product of a diisocyanate, a nonoam ne and a

Ubbv Batdng Nl ér063\5 4@; intlateptol aylalhlgxwtinglme domapdsion fdrnBed of a basic

ent No. .6, 0 3 rel at rica rea
oil and S BLnORioH B RGPS BT it e irE Rsfigatba3S compound
and theRis@AALEHQBs, 0T hele EfdabdsSRirs tbsREAY a\WMPneitahbreaduBRiH B ee levels was
(pol ycar bani de) conpound and the usual additives.
found Hrﬁ@@eargqoea’gﬂscqmﬁerqa&yta@@ldwuhnea@mgrwant reduction
VTONBIER I RIS o P B Do ATRBLL R et

prepareﬂeiya;hemﬂgca Ridtuerof @ dhsa@] g{mﬁﬁeﬁe@ stk enffitaant foreligo
se characteristics, prepared by shearing a_m xture
substangially alh 95 e dhickenseia FrEREBHIow SPO AipToRe stiAe red High presessing the

sheared ﬁﬂ(‘ﬁﬁ% to & F . lg@ll(g{xfyno"i‘ée chglfacfeﬁgtlés%g gr%gﬁfeﬁtb% shearing the mixture
particl es~bel ow 500 mcrons 1 n size, and the
using apﬂrem«:e,mchn @s 4 btetic siveay @nhechaxtoal g/stem M@ngmier'fhtﬁtlh@paddles cone
[ rOV|ded

and sta OI rg E:p%ﬁglllelingSt Ih&g%ta{}eeth gﬁgﬁ pggtlcg gaew té{lll%l‘OélS in size.

Therefdt€ Qﬁé‘[ﬁv@ﬁ&s@é’ﬁa&@d@rﬁﬁ% ae r@l%@ tt@fherp‘af‘tﬁﬁé 9% 8Add k8 Skener.
cone and stator mlls, and s, such that the

tAh¢cummle feapm: of polyerea rgeeab@hs)we@w 1mwindnﬁley meast mheanng (the
f or oi se ar a trcs are rela
movemp i tn irichiital @ Yl ek e o Rl o8 it simmply
stirringftgagreiR &Rvd@ralhgwlm éa%@sé@ﬁkdrsth% Recav@MendtoMafieR. fl\htrast, at
react to shearing nmovenent of one | ubricant

high shpagyrates. s fiha Fellipe élremeet kaagnger ) greage hampsshizar, thagisases ke on a
harder %ntsgteﬁl:%&}énel gl%{ Sfllhs Béﬁag'ﬂ)r 1P?dv%gﬁg§o%s (}?E %lf(riaaefngnﬂ t{eaﬁng

greases 0O SO

grease. CIAOW &vaes,t greagts Wiith hh@ﬂ&ﬁwncy&t ssftenamdérion shedr hagp@be Bﬁmsswely
beari ng or a grease hanogeni zer, the greases take on
from beggingeindoesies eiiipragnt pephlers foyorderip sedyen i cxfent of low shear

softenn% tegeriacthifs Aa ﬁ(.l;ﬂrL g&lggﬁ%g?éé@é’sr\’v theQﬁ@tgg@ra ion of a low

er greases w to soften un
shausmh@mmfnay purge excessively from bearings and cause

O T N RIS - -
of Syntlflgr\fl\cl'@ﬁrﬁ‘fcﬁti&f} hyohR8 8INE S Ha g Fobsd, i dHERERUsahd Sfec®br Syclohexyl
group on low shear stability. Additional literature references on this subject include C.E. Ward
and C.E. Littlefield, NLGI Spokesman, Volume 58, page 178-182 (“Practical Aspects of Grease
Noise Testing”); C.E. Ward, “Chevron SRI Grease NLGI 2 and CHEVRON SRI GREASE OEM
NLGI 2 - A USER’S GUIDE”, 1998; “Lubricating Grease Guide”, Fourth Edition, National
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shear stabilizer. Relevant literature on the subject

of shearing includes Xi e Liangsen and Li Hui, Journa
wo@Roogpnunet i ¢ Lubrication, Volume 8, No. 1, paREBUS2004/004666

39-50, which describes the effect of cycl ohexyl group

v 5 R L L oL G4 B o
newsle&‘erEMakd}iIﬂ eboxl d, NLA Spokesman, Vol urre 58 page

178-182 ("Practi cal Aspects of & ease
Tieat affgts) grease g sangra different wragh @ﬁaen@%@é twb@t the grrgse will

soften %%ﬁ%}le%{ﬂll 1%%5@%50 @g@&(}l‘ %lsé Whété{i%%]dﬁggé%lpgomponems within

the gredfdatnhayrmzlaperétevmﬁﬁ%a&ﬂ4grb8se%ﬂiéﬂdﬁﬂ 008 QAB 6farts To flow readily.
Lubrjca G ea e Instltute | SBN 0-9613935- 1- 3,
Grease éﬁ%béwil 1 hav  peltg peint\Grease srdvallvetofieps atygerepsing
temperéltéres %lezlt bé&Rtes %fffo%ﬁﬁg Ii 1ﬁa§%ta"nﬁarﬁ%¥s% 'f@ine?éuﬁré ?EE‘E resistance of a
. When exposed to h the grease w
grease Jamhie DPtoppeng RtentgestoThe @rqpmng Boiokiedtaepporkimaies the emdgroint of the

srease BB BEdrectsyANTMEGHB g oog Soaithy b ferting apd NREHET oS describes
this mefHod! (Genblly] AWhIgasthk BreadddichBRE PolF UL br¥vhédt réb‘i%ttant the grease.

have a sharp nelting point. ease gradually softens
In this tgst grmc esppAcked inteaplen @izeréthunblelor |ct1p b@bdnh@ astindad heje at the

i d A standard te nea heat resistance
bottomo a tlhg glease IS r?lﬁlgvﬂ?\ggléﬁ 8 éalﬁg Imolrpi%t s 6% 1H%erted into
the cupP@idthe b@p:ts AR 0X h BRb&Ed taﬁsenxb[ydumleﬁttuﬁé Tal@rryBig@as the test, an

sof t eni.ng process. ASTM (Aneri can Society for Testing

alumingy blagkiieprearalyd toppempaeiee thsb depangs Warelith gtpected dropping point of
I [ |

e R AEELL P BAB i 0S5 ARR Ao B

block, arsl thaclped wattheda As ke mmpemdret hidrdpl @ness oatipf thekis from the hole

. h dard hol tt Most of th
i the b0 B0 GV (e O pbib b die SnpldrmBrraber wics i Ak
temperdtiRekE Rd 'uﬂhﬁdlaww ThPdro gl?g troeﬁlt e bﬁn%‘fﬁ%eﬁrdg% fémﬁ)erature and

standard assenbly’ in at I'n carrying
one-thitdethe diffamencelbetwasn thab taeritsrepmeeablodk temperatenep Regudiass of the

t hat ..d d t t ed t of th
nature o188 WQEBERRP R R i e e (PR E LR i EE afgpped
fI‘ﬁEfé rémbidk @ nefd fRSrdasatiBs RhieAh=AR 16W dokse cﬁ%ct%ﬁﬁlcs as well

up is watched. At sone tenperature, a drop comes out
as gOOdolPVVtﬂhéarcﬂﬂblhtb’@ﬁdigh@dmﬂtéeSlsiaﬂﬁcﬁ he bottomand falls to
the bottom of the tube. The sanple tenperature and the
bl ock tenperature are read i mmedi ately. The droppi ng
poi nt is the sSurRIGVMARYGIPHE INVEETEONIr € and
gne-third the difference between that tenperature and
{Gieasp |ssldiRe pesm b pURRIBLE REGHITR Qfgldnregs and@olypseasy greages containing
ce deflnes
these g1l bl nd BOHHE KA gl B b R o
Q’\he asmenttilnamtion ndatsd @rd gryadezg\zhmgmgemto e grease gelhng agent is
C aracterlstlcs as, wel | good | ogw shear stabilit

comprisedlpfgdpierie af SPoupielipeinron MARY-2reTel O RoBARaEN T diureas

and polyureas are formed by reaction of an alkylamine or alkenylamine; an alkylenediamine,

polyoxyalkylenediamine, or cycloalkylenediamine; a cycloalkylamine; and an aryl-containing-
diisocyante or alkyldiisocyanate.
In another embodiment, the present invention relates to a grease gelling agent comprising

a mixture of diureas of formulas I, II, and III,
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Grease gelling agents conprising a mxture of diureas

and pol yureas, greases containing 30 these gelling
wag@ansidiand nmet hods for their manufacture, arBCT/US2004/004666

di scl osed. The present invention relates to a grease

gel ling agent. The grgaseg ,gelling agent is conprised

of a mxture of ?80 Wi %di INeaN_and 0. 1-20 wei ght

% pol yureas. The Qedr ed 3 hol Yur 3% are forned by

reaction of an al kyl anmi®e or.8 ﬁgﬁylanine; an

al kyl enedi am ne, pol yoxyal kyl di am ne, or

cycl oal kyl enedi am ne; a cycl oal kyl am ne; and an

aryl -contai ni ng- 35 diisoc{antiel or al kyl di i socyanate.

I n anot her enbodi nent, the present invention relates

to a grepseygel ling agent conprisiﬂgmg? m xt f

di urea Norawl as L N. and Il N_-
PCTPE 00 /OH okH o eyFRN N,
formula 10 HMIHI®HHH deyl' -NO

cHx' NUN | NuN,cHX °CH3 0 XT, 0 CH3 5 fornu
formula Il and polyureas of formula IV, | O 0 CH3 O
Ol CHBI RommumkntHHHHNHHHN R for IV 10
wherein R is clx (cyclohexane) or O eyﬁngﬁ%hﬁ IS an
integer from1l to 10. The grease gelling agent is

corrgri d of >80 weight % of diureas of fornulas I,
and polyyreagiofformpladiy 0. 1-20 wei ght % of pol yureas of

formula IV. Finallygythe diureas of foragmlas 1, I,
and 111 are:ﬁ?ﬁﬂ[ffﬁéiﬁq >60 ﬁ: /[f%j\ jq\
R\ 7 >z R
NH "N N -
M N N/\/ H H "N

H H
formula IV

wherein R' is cHx (cyclohexane) or Oleyl and n is an integer from 1 to 10. The grease gelling
agent is comprised of >80 weight % of diureas of formulas I, II, and IIT and 0.1-20 weight % of
polyureas of formula IV. Finally, the diureas of formulas T, I, and ITT are comprised of 260
weight % of diurea of formula I, 10-40 weight % of diurea of formula II, and 1-10 weight % of
diurea of formula III.

In yet another embodiment, the present invention relates to a grease. The grease is
comprised of a lubricant base oil and a grease gelling agent comprising a mixture of >80 weight
% diureas and 0.1-20 weight % polyureas. The diureas and polyureas are formed by reaction of
an alkylamine or alkenylamine; an alkylenediamine, polyoxyalkylenediamine, or
cycloalkylenediamine; a cycloalkylamine; and an aryl-containing-diisocyante or
alkyldiisocyanate.

In a further embodiment, the present invention relates to a grease comprising a lubricant

base oil and a grease gelling agent comprising a mixture of diureas of formulas I, II, and ITI,
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wei ght % of diurea of fornmula I, 10-40 wei ght % of

diurea of fornmula Il, and 1-10 wei ght % of diurea of

wo eromre13 1 1. 15 I n yet anot her enbodi nent, thRCPUEREH004666
invention relates to a grease. The grease is
conprised of a |ubri cgnt fpase 0| d a grease gelling
agent conpri sing a m ht % di ur eas
and 0. 1-20 wei ght l%'p %/ as and
pol yureas are formed by“rea an al kyl am ne or

al kenyl am ne; an al kyl ened| am ne

pol yoxyal kyl enedi am ne, or cycloal kyl enedi am ne; a
cycl oal kyl am ne; and an ar %m@%t ai ni ng-di i socyante or
20 al kyl dii socyanate. In a further enbodi nent, the

present H nVﬁntI on HE| afes to a gr e%ise lgon‘prl angHa

I ubr c 2 QJ ;?,.m gr eas
corrprl IS nig) Ofa?"ur eas® f}frru as I ,\{rl chnhd
087

i, 9,749113 PCT/ US2004/ 094666 >¢, HH H

(]eyl NN NN,cHx o o3 formulal HH

OeyI'NYNNYNCJeyI cHx'"N UN NYNcHx OI . OI0 | ~-
0 CH3 CH3 Sfokmwaml a Il forrmula I11 an%nﬁﬁ%}fﬂreas of
formula IV, CH3 CH3 ~, OQIl%o R, H~-NH H

H" formula IV 10 wherein RL is cHx or Oeyl and nis
i nteger fr 1 to 10. The grease gelling agent is
andpom‘?‘f’g@BmBlla&rln% wei ght % of diureas of fornulas I,

[1, and 11l and 0,1ecd0 wei ght % of pol mfas of
formul a TV. /ﬁion K di ureasQof [fo , 1T,
and |11 Rﬂr\e 60 |ur aof
formula I, 10 MO WGI g‘]h %%Nﬂr and

1-10 wei ght % of diurea of fornula III.
formula IV

wherein R' is cHx or Oleyl and n is an integer from 1 to 10. The grease gelling agent is
comprised of >80 weight % of diureas of formulas I, II, and IIT and 0.1-20 weight % of polyureas
of formula IV. Finally, the diureas of formulas T, II, and IIT are comprised of 260 weight % of
diurea of formula I, 10-40 weight % of diurea of formula II, and 1-10 weight % of diurea of
formula III.

Finally, the present invention relates to a method for making a grease comprising reacting
an alkylamine or alkenylamine; an alkylenediamine, polyoxyalkylenediamine, or
cycloalkylenediamine; a cycloalkylamine; and an aryl-containing-diisocyante or

alkyldiisocyanate in lubricant base oil and recovering the grease.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to greases having low noise characteristics. The greases of
the present invention may also exhibit good low shear stability, and good heat resistance, as well
as the low noise characteristics.

For purposes of the present invention, the following definitions will be used herein:

“Alkylamine” refers to an amine NH,R wherein R is a linear saturated monovalent

hydrocarbon group of one (1) to thirty five (35) carbon atoms, preferably six (6) to twenty five

-7-
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15 Finally, the present invention relates to a nethod

for maki ng a grease conprising reacting an al kylam ne
woeooalokamny| am ne; an al kyl enedi am ne, PCT/US2004/004666

pol yoxyal kyI enedi am ne, or cycl oal kyl enedi am ne;

(25) caffibfafiih o & D hed i iy Blobiow 8 313/@029??0035%5?%@3@5?? fjhirty
carbon hfbﬁlsg 'EBagplesd allyTdhibEAnBIdE RuPile@t Ghitttio |ﬂ&ﬂ§l‘£ﬁhﬁl\|

The geesent invention relates to greases havi n ow

hexylamgies beptylamine: eetylemies deqianigecdpsiseylanine réragecy
hexadehﬂgﬁﬂ{ebga aﬁhﬁeoé‘?f(tﬁé bil good | ow shear stabili ty

I esi as well as the | ow noise
C‘hﬁt@glaﬁﬁn&’tneﬁs toFe@ranfitié MﬁR&Vlﬁrelh Reisprlaseninsaturated monovalent

hydrocBPR BiPUD 56V REHG TAHY 6% (3 Drcarhonegp i DEFIFABOIER) to twenty five
(25) ca%ﬁra?drﬁ‘s Br h%rﬁchéd‘uﬂ%ﬁtu?ﬁé&%)@ﬁ&%lﬁ H?&‘t%l:%%n groug of three to thirty

drocarbon group of one to
carbon camntso whaltecmﬁlp lmaﬂmsatbtayedsnmc(vﬁ)ent bydrmmbgn gnoup and?thézbranched

0Q4/ 074413 2004/ 0046 at.ons,
unsaii o] QN NCHR T SOOI ST BT YRk cai of
-C—C-§.hE§ d}SI@s Bfﬁlkérbylan%ﬁé@ﬁﬁeluﬁé Qﬁ'@ arcf6R Hﬁﬁt%é t&falgladbkMh AL RShylamine,
but are not limted to, pentylam ng,

-propmi@}mam %penteprg;lﬁlmeacﬁpyi@mmyc d@}deaqylnmmed h@galdacmnybmme and the like.

RSl Ao AU RIE 0, R B ARE BT Diney satpppted

dwalenanycaawsoﬂ\yzaapweﬁ@(lr) tdhidy avé (333 @ﬁrbbﬁl aﬁmr pitestably two (2) to
nonoval ent 10 hydrocar bon of two 2) to th| rt

tWGntYfﬁW? £29)335bos a¢MBN oa@br?glc gk @ ?Léatﬁé diyalepphydrpcarpon gioup 9¥three (3)to

T N R
ethylenediatninre, @tdp@tened&hﬁﬂr&i buttyfbﬁedhamﬁ&t hexydaledinating dodecylenediamine,

noval en hﬁ_&rqocar bon group and the branched
octyleng oval ent hydrocarbon group contains at

|“P§Ef5xfﬂ§‘yﬂ%‘d’%ﬁnp ORGrs g) £ Hbine I@i?'f(f’ll\lﬁ? v@lferem Risa

al kényl am nes 1 ncl ude, t are not
POlyoxmlkylbmmep .8 Imllycecryy]lka}mn &,a diysle@-1pp@piop ytlarrg]rwp of two (2) to

vty (g 5] A AT & R DO P TV ehig Gy b fams. Bxamples of
polyoxy &k AESedi Anidestindmids SHublale 13t Mrdtcwhe rp%lﬁx?pﬂo%yl@nédﬁ}ﬁﬁk

saturated dival ent” hydrocarbon group of onhe
POIYOXYﬁhylPI}GdMW@e(@Q)th@‘;bkdaon atons, preferably two (2) to

Xlk g.rgg)a” C%f rsgigl 8? g?ﬁk{d%rggp 1?1%\? g%w? tcu{})%}legoms of

the cyclb&[l@@ Bre(saﬁéutaﬁe@ RWEth dnXeRiind gﬁou@f( N, yl“e:@'eldmm £®8p” refers to a cyclic
include, but are not limted to, 20 ethyl enedj am ne,

saturatest hsisecarkon sapRmet 3 ik aiesetemanRaaresmistive sxampleaPhe,
e T R L
cyclohedared@amink, (ty&lc@entaﬁédwmyﬁj dnd thetikgr oup. A

?‘&%Xlggqcy ullee’nrgfelrss to% C%/ICYO% FS‘/ fgroglg ene a crlllgon%t(rs crarlgornogcom of the
cycloalkyl is substituted with an amino group (-NH,). “Cycloalkyl group” refers to a cyclic
saturated hydrocarbon group of 3 to 10 ring atoms. Representative examples of cycloalkylamine
groups include, but are not limited to, cyclopropylamine, cyclohexylamine, cyclopentylamine,
cycloheptylamine, and cyclooctylamine, and the like.

“Aryl-containing diisocyanate” refers to a diisocyanate containing an aryl functionality.

“Aryl” refers to a monovalent monocyclic or bicyclic aromatic carbocyclic group of 6 to 14 ring

-8-
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thirty five (35) carbon atons, preferably two (2) to
twenty five (25) carbon atons. Exanples of 25

w@oigoxad kyl enedi am nes include, but are not PCTHUSIA4/004666
to, polyoxypropyl enedi an ne, pol yoxyet hyl enedi am ne,

| ik f
wors. S8 0 sy TR R e} e EPah  ompp. Toe
aryl rin@}6dy0sd dpftional LSl d §416€dr WrhdnlSdiedifonecy@lio Hbn-brdNmtlk ring
'Cycl oal kyl group’ refers to a cyclic saturated

optionaily spuieirnd h of 2 datsragtoms ndeppdenthiselactpderom oxygen, nitrogen, or
sulfur, {ﬁ%%rﬁgﬁﬂfﬁr oﬁ%%?ﬁﬂgr%grbﬁé t“;yhl recéﬂfel %M&%Bﬁ%‘[o%@ a€ optionally
replacedw:aamrhzmgh dgepiﬂseﬁ’atwe Gx}glt gﬁiup?(ﬁzithtfu@mrﬁlgs nﬁiuc}e but are not limited
opent iamne, and the I cl oa am ne"
to, 2,5- 5@@@2‘3%0@ Hpeisal-RyfihyroRagzold E?%/eo%o’(nf%/l iseshpeyRan, 2,3-
| n am no
iy S G 1S ISARLSF I, SUBSLSHRA U 20 o
tetrahyétmqumnehindaydr,bé-aettahlyd@qohnphme 233 dibydi®- YHindolat b,ﬁxhhydrolH-

soin R GRSt St S e S B e o v
optionlyGLENHENYd MhRe t& Mﬁé@%ﬁ‘ﬁtﬁhﬁ%é’l@oted fyelthb ey |c@ﬂ§1§’tﬁ!g of alkyl,
and cycl ooctyl am ne, and ik "Aryl - cont ai ni ng

alkenylg aksmsdylaai@,taékonyea@ﬂ@m @malodhy@oxxlamb@yc OyRI®; mtmg aigththioalkyl.
ers

e s i PR i Aol ¢ TeptemPReS R i gromgtic ring
optiondll§ cﬂ;ﬂtaﬁinﬁ@l or 8 oY Dd4sthderttlyTdeldoRd T 8466, nitrogen, or

at ons.  Exanpl es i ncI ude, but are not limted to,
sulfur, Bﬁéﬁyﬁlmrtgdmgemms AAE SRIRGR. WheFRIPIST [ Icarbyh atoams are ppigally
replace a&%ﬁ%ﬂ&i ek ogna&%?ﬁt ry) %o?itna%uﬁ%dltlgcxmﬁ'&% 1?18%?% Iﬁ%gno_{ limited to,
tolueneahlsacylaeate; mathglenchin@baehidesiahytels phaniaddiiscoyumxy gen,

I fur, the remaining ring atons being
bls(dlpﬁeé’ry[‘} y@@?é‘i% @‘ é‘r‘etvvo carbon atons are optionally

Ee 2 | [13 ()
CEB AR S o SR A L, i
refers 1@ p Sindirtsgoiraiebewonoy4ddo )hgfhlona'bon group of one (1) to thirty five (35) carbon

atoms, Efegerggfyﬁ%gg gon e E# uﬁw}fn 29 %@%}gg‘% glotﬂ @ﬁ;@%a rﬁetawted monovalent

hydroczﬁﬁ&i £ldicaBbOineoeab Shirt, carbanﬁtorﬁﬁtE)éhﬂé’sQif% 1Bty a'ﬂﬁbes include, but
2, 3, 4-tetrahydroqui noli ne, 2, 3-di hydro-1IH ndole

are not knstedut%;lwmeldmsqcy@ma’ﬁ@uaéd theelfice i dazol e- 2-one,

AutBRRARRR e A R it Al

displacsmbstiolf theediiter rS&H cﬁQﬂ%ﬁnﬁg am fhiRtigh 6tk ROARINS (The@n@dron value is
al kyl, 15 al kenyl, alk hal o, al koxy, acyl oxy,
measurscml%g a h%mx‘ybraﬂe% hYéEA/ Stelg PhARSeTqingteTy SOCkrAS TRaUGIIEGd by
Sugawa;g ia?é))ﬂo 5N tﬂ@YesF PR hé%??elcl)ﬁﬁefl V?o?gtlc}ngl %3 ?e Vall(je ]iec&rded in the
ered mhocyeri e noh-aronatt ¢ Ti ng aoptionally
mediune bartdai.ki, 60 1:;8002Hi)es eacoaibd) dsringal ep@mimrté kyn foelfwe beatings. More
from ox [ | fur, the remaining rin

than ong g mﬁ@ﬁﬁ%% B Tty (bf-» (HREISSRPRIS, CUfgo run are

averagéa%uqaﬁ}r{enas&m@%gmea car bonyl . Exanpl es of
aryl -containing diisocyanate include, but are not

Theidesghations BQ2 and BQ3 correspond to deﬁned noise categories of the BeQuiet

grease noise tester manufactured by SKF Bearing Company. Results of testing using the
BeQuiet grease noise tester are reported, in part, in terms of the percentage of measured noise
peaks, which fall into the defined noise categories. Specifically, a BQ4 value corresponds to the

percentage of measured noise peaks less than or equal to 40 microns/second. A BQ3 value
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20 tol uene dii socyanate,

nmet hyl enebi s( phenyl i socyanate), phenyl enedii socyanat e,
\N@h@ﬁﬂ%ﬂhﬁnylisocyanate), and the like. PCT/US2004/004666

Alkyldiisocyanate refers to a diisocyanate

corres T e B b5 SR G app D BB ssons.
A BQ:{ s’kélué Oorkdsbbibds tb rth@epe(ra&)ag@ F BRAsured A6iBs pdiks 1QE alinYor %q%al to 10
to twenty five (25) carbon atons, or a branched

ml@fO%Sé%ea?rat dtinatyh 3 BQ levaluomrrsspensis e Hsrerogataga of sreasusedeoise peaks
less thEu‘Po{ %@f@é 81%/5%5&{35 Exanpl es of al kyl di i socyanat es
I ncl ude, bu li

are no mted to, hexanediisocyanate,
afiee dtbeeviation. cEBN@Esrotosgyclobeanded i n
ahcr0|nches/rad|an corresgond to the detection of
Hrogyanals tehers e eNRPJmdioRBlagIRE Ve 1t ey apate £royps, (A

anu'ft'éhCﬂéfeQQtooi cdrﬁﬁbuh@%@ﬁﬂa%go%%%gﬁ%ﬁgé‘ val ue is

nmeasured using a bearing vibration tester, or
anderoneter, such as manufiid by 30 Sugamara
Laboratories. In the test, tlhe hi ghest recorded

vi brational spike value recofded in the nedium band

(Peak: aiver%g@ record 808 n'ﬂ%)on's/%ecroﬁﬁ ARGy S lt(pglb?atfoﬂgl' A& as

run i've beari ngs. an one run
measupydrtfyor HigH ,Bearmig ChmphmsgB e@met/gtea@snotse.t&ter t’JHne peals tverage is the

e 3 P 5 O oy BRSO s
duringGdreafRRftuh Joifd BRAn SO I B8R 16%%191%@ bbﬁ@a@:fr ger\%hﬁe @é'q%ﬁeter the

35 grease noise tester “manuf act ur ed by SIU Beari ng
greaseConpany . Results of testing usi ng the BeQui et grease
n.terns

D55 ch S8 To ALEmAERY SR B Srmb S BBUS | 1P

the defi ned n0| se cat ego;lﬂtengSp\em fically, a BQ4
val ue corresponds to the centage of neasured noi se
peaks | ess than or equal to Q0 nicrons/second. A BB

N T -

above hlesmpirfcally detesninad tHréBhBQl lithit bORBASREDHNa beaAiBEbréAlbnRvel tester,
corresponds to the percentage of neasured noi se peaks
or andgramsteriyph 8y manwfastuted by ugavatadiboEbetitd Thﬁuﬂﬁrﬁswd ligpit is set

using Eind4fd 16 T{@I?Jer FRUSH 19 collik?dé??c{ @gﬁg@ﬂﬁv ﬁf)lsgﬁfjoi)léfn%g The pulse

noi se peaks 1®ss than or equa m cron con
counteﬂ'h]daomﬁhb deicati oroof toﬁixlen’esf whightace 10y ¢hsd beb@reeordtd on the strip chart

record?r o antgt ep%se}fglgaﬁevt@g gggr? nd < r;/}:g:og :agzgofr%\sl\&ndmg meter and is

record §PEHPH S} cﬁQﬂE&ioPdéi‘gwﬁﬂpthH gﬁﬁe %tﬁﬂﬁsdetécfﬁl}lg% %389 tﬂDgQﬁ'g

average, recorded 1n m crons/second, cor resp
proportipial 4o ﬂ@mmbanpf vibratienal sraneiqsts thed Obgur abSKF Pesatitimgshold amplitude

level. (l.;@ q{) test rgn GRS fhe 10|umS amtdepS tlse courltre]:re rea i%lé 1§a ﬁlotegl gnd the strip
chart record of the medium band signal is examined. The first five seconds on the chart are
disregarded as start-up noise and the highest amplitude peak (spike) anderon value recorded
during the remaining 55 seconds is noted. Results for five bearings are averaged and reported as
pulse count.

Low noise characteristics correspond to a peak average value of less than 15
microns/second, preferably less than 12 microns/second, more preferably less than 10
microns/second, and even more preferably less than 5 microns/second, when measured using the
BeQuiet grease noise tester manufactured by SKF Bearing Company.
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15 average of the vibrational spike values recorded in

t he medi um band (i.e., 300 - 1,800 Hz) during a
woep@4niaau e run for five bearings. The | ower tPET/pezk4/004666

average val ue, the quieter the grease. Pol yur ea

dretptise Sptud R ey SR ar Bl SR o4 it tow noise

properfi6y; heRBeRdRetcaddifong] Roh&aR &re bt RGhIraNfRTow hbisabh@Rabristics to
transients above an enpirically determ ned threshold

be exhibitefl¢ Sa@h sadaiienabpropyrtiss bekide sy apdueayvplga of esethanédt er

m1cr01.ﬁ<!hgo radian, fﬁ%&"e%hllﬂ ?e%? ﬂ}agizlhd'r%gclil{) eg)’riﬁgalg é{l(? H%?‘yﬁr%?erably less than 3.5

mlcromdmmml[aﬁ FefthsenidéigaEpspervibd @bluds apals ivekieed 1dse tHaa\Be0 counts,
OW nhoi se gropertles The pul se. counter allows the

Prefer%f leet tham 389 coyndin anémost prgksrably kesethen d>9 geunts as wgasured by an

t
andero'ifn;egé}; ?‘gﬂg%dgggo[nﬁllt é{bg i E@% %élu'ag refé:%ﬁtag%f ﬂ%&ﬂs th BOB! greater
than 5@%; prefpaniy gragtelrﬂtaaﬁ 0&6)chnd snost Iﬁefura:]ﬂyi greatea tls:mrSiq% chatler

orde e the ul se.count ects
additiogal mgstEies S A PRGARES of RAALS IR ABOT Sronir D Uh Bretbrably
greatelt th@ﬁ‘%%n!ufd &Bﬁtpr&@ﬁiﬁfy %Qﬁ&ﬁh@n pggset threshol d

tude 1evel the end of each test run, the
nfedﬂ allsm desivablp that ere@smrwcbnbltrrgaldwn@lseshan@pedsmscaladiewe other

desirats bieBse GrO3Ediel, BEiding bodd Eu R R Rud fial hediFesisgapoe

properciess @Y 1dQkhesr stdbdllitycoRedpRh8Ltod $hsithe diffeBRSd between prolonged

npl i tude(&mak@%} E A ander on val ue recorded uri ?
Worke@ neaqtreﬁam WS ¢eReEbY ASAM Pdl TRasluverked penefratien (1/2 Scale,
P60 b>bg§me§1ﬂr Gt‘n%}’ﬁ R, ?é%%%@ g%atr%&%a? (ﬁv Uity most

ow Hor §e'ch arac r| i'¢s’corres averag
preferabay ni&t ardget #as 0V aBodbheatiesisansd &&fﬁép@ds pé efmbp;hhg Pbms sf at least
o thal{%f%)f m_crons/ second, nore prefera g/ | ess than 10
215°Cgeterablnpideast e oNG, antharognssfe Peat prast 1%k yXSTé‘é?%Zﬁéﬁiescnbes
] when nmeasured using the BeQuiet

the Drgp@%g&%gfeggﬁggg%er manuf act ured by SKF Beari ng

Cinptany “derils@d\ﬂbn?é)G&E&M@Bsoﬁ@?écb@é’&ﬁ4quﬁﬁﬁroﬁsdhalﬁrived" means

aracter i CS. may a SO,. r ef er abl :

that i B B o i PHGRARS FOW 14 BW Ui b SpRpalies by a Fischer-
Tropsdhq%@éé% t hese additional properties are not required

| ow noi se characteristics to be exhibited. Such
a'Eh.ﬁ nressnbinvprtigyertatesgo gre@smféhema@n@emnh pavide peaskeethibiting

oj nches/radi an

tow nofé g GrieTisr i G Rt A ERing bRaT Ry kplEE St o bricant
base oill TheRafesdlimticRits Ifulid fiesenpittiehtici b f&ﬁ@ﬂ&fy&bﬁﬁmg a mixture of

include a pul se value of |ess than 350 counts, 10
lsocya@%tesr@ﬂmlyea ess than 300 counts, and nost preferably

| ess than 250 counts as measured by an anderoneter.

Further additional properties also include a
Isocyapgiecant Aminedf peaks in B2 greater

By combining certain compounds, in particular certain isocyanates and amines, in
specific proportions, the grease gelling agents of the present invention are produced.

The compounds to be combined in the present invention are an alkylamine or
alkenylamine; an alkylenediamine, polyoxyalkylenediamine, or cycloalkylenediamine; a
cycloalkylamine; and an aryl-containing-diisocyante or alkyldiisocyanate. According to the
present invention, these compounds are combined to form grease gelling agents. The grease
gelling agent may be added to Iubricant base oil to provide a grease exhibiting low noise
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than 50% preferably greater than 70% and nost
preferably greater than 90% Further additional
w@e@per4ies i ncl ude a percentage of peaks in BeEBI/U§2004/004666
greater than 90% preferably greater t han 95% and
| 0
charac 21111(%82%‘? 8?32@%% e}nﬁg%nﬁ eowlé]bdhéde a2 10bricant base oil to
provide b]@f@@é ﬁfhﬂﬁltlhg fovahsige bl gct@iskies. Pﬁ&%‘tﬂﬂhh&e%ﬁ@%&nds are combined
prqoperties, including good | ow shear stability and
in the @B’é%ﬁnﬁbﬁe oildgeifermaheeiedspoper ti es. Good | ow shear

N GO CRARR AR BEFHLLNE O PSSR ot

but areAféTMrﬁlZd 1, pamylazmndsgéxéxﬂemmd; héptolamrid, Bc@tmhiﬂe, deP@Bmine,

ASTM D217) of not _larger than 15% prefer .not :
dodecxl%m@s’rteﬁrﬁ%ﬁﬁyff e, BRI, grtercey BBIYE, ! Amipgejodecenylamine,
and hek4#RBerfmi0d heat resistance corresponds to a

Droppi'ng Point of at |east 215C, preferably at |east

Zaplesrd thoalkylpnefianiab) nolmxyhlérabned_aamme giSTivl i denediamine to

I bes

vevoed 35 RS 15 PRS0 el TRy TR

propylefedieling, bhtydgkatant e, Ih\éﬁﬂenda@aame dodadylédediping Wetylenediamine,
fraction, or feed originates fromor is produced at

POI}’OX&’WY@ﬂ%@@nW admyslohexangdiamizgpsch process. The
%}ﬁ%@ﬂés df rlllyegg’ go%@c Sﬁ%? b%&stegrlﬁ ﬂqseeprgs%h{ n@gntﬁgl Hélﬁde, but are not

limiteck:tbacmtdpenuymmms,,cyamﬁeﬁtplagﬁmaﬁ@ cmmylsmﬁg t hese
eas gelling agents and | ubricant _base oi
8@ sg)é iths Fyl- %ﬁﬂp@guﬁwwy&nﬁmMﬂdl}smwtedﬁ bs fdéed in the

present 1955?&&‘)&?%(06{1@@%{1{ 416 ndt I%ﬁé&'foehé}fanedh%y a n%t es and

am nes I Socyanates and Am nes fning certain

| methylem’qmﬂpﬂmﬂxyhsoayam@t p]nnmlyhanednsot}mnateg &ni:l;aa(ldmheaylmmdyanate)

m@ﬁ?gﬁe&ﬁn‘} %St?oéiglgg ~ oo iA [r%{ul} ﬁo be tggxgpgxag gle%ﬁ]sgnt Wvention are

toluen&&l[ﬂé@tﬁih & (hSprBRIneAIDROGD b fiohfRe afdl 9@%@% isBl\h%f) 0('1)3 3131 Fnine (9-
an alkyl amine or 35 al kenyl am ne; an af kyl enédi am ne,

octadecp?@klyamywb k%bl ethglghediamine (3) an@rcywdiekylammmﬁ%m ne;, a

R TIE LR LS DA BP0, o
vendork BYHsi Biyer @Ph@@@r_r%p RO YA Do EheaSioHll (N'ﬁdlah@ MOy, Mgipase

gel ling agents grease gelling agent may be added
dnSOCYta@atP iroFsed ahﬁuCBag@smqs ap édlpﬂsws; eRatinggmansacing alastorger

T N T -

clear finliedmdaynibetiectsinand riiblier iadiegsivebaThe fillowting isphesthwbeura of toluene
Y%P Z% exhi biting | ow noi se characteristics.

diisocyppale £Dabl y, these conpounds are combined in the
| ubricant base oil to formthe grease.

N CHj3
NCO-r _
‘ NCO

1

In the present invention the toluene diisocyanate may be a mixture of isomers. Preferably, the

mixture will be comprised of approximately 80% 2,4 isomer and 20% 2,6 isomer.
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Exanpl es of the al kyl am ne and al kenyl am ne to be used

in the present invention include, but are not limted
w0 2004201y am ne, hexyl am ne, heptyl am ne, octBCHDEI004/004666

decyl am ne, 10 dodecylanine tetradecylanine

e n
JTEERERY TGRS MR AT IR soRlu BT Gaplecion veadrs such s
Akzo-18bVel YCHM@gB &lIT) r@leyﬁﬁhﬂ@é@ﬁ&id‘%b@ Aeslt@fdsich 1nﬁfb11:0r and is used in
cycl oal kyl enedi am ne _t used in the presen

aeroso} hajsatayorf e delleras 1%@@ SHF@L‘Wd%f olgykapiag @-ectadecen-l -amine) (2):
et hyl enedi am ne, propyl enedi am ne, butyl enedi am ne,

hexyl enedi am ne, dodecyl enedi am ne, octyl enedi am ne,

15 pol yoxypr opyl enedi am hexanedi am ne.
Exanpl es of the cycloal kylamne to bg used in the
present invention i hgNude; t eyiot limted to,

cycl opentyl am ne, cycl oheptyl am ne, and

cycl ooctyl am ne. Exanpl es of the

aryl -contai ni ng-diisocyante or alkyldiisocyanate to be
used in_the gkesent i nvention include, but are not

| Ethylenefligmgine § QQﬁﬁjNugJ@gy dRAtlE- 3)apcommercially available from vendors
such a%é&%f?&?ﬁ%lﬁ&ﬁ@lﬁﬂ S,()1\'(/:19‘5“] a@ﬁ?ﬁeﬁ a’rr]mg% gsr{é%(g gf:gilc% SRANEBNRLE printed

circuit @oirddhamificturidye caobipwied ds a corrbsorc nitbitoe,chnl iftetediate flux in welding
present invention are toluene diisocyanate
or Sold(ﬂa% PSR ENS) 285D04,0P 2 PTocsEiRsBulgfon %@%fy@ﬂ@n@%@ and pplyether
I t ‘
polyolf SR LS e B0 RERSPRRbIF: T0 (R inf S SAEdb ATy
ethylereGiaditki(@er : 26471-62-5) is comercially avail able
from 25 vendors such as Bayer (Pittsburgh, PA) and
Dow Chem cal (Mdland, M). Toluene diisocyanate is
used in such industries as,anﬁmzves coati ngs
manuf act uri ng, el ast omer2Nnanuf act uri ng, and flexible
and rigid foam manufacturing, and is used in
solvent-thinned interior clgar finishes and synthetic
resin and rubber adhesives. The following is the
structure of toluene diisocyanate (1): 30 CH3 NCO
: At ol N i .
oty AR B ECh s NI, (UR-08) Rl RCiPH) SORUARE R vendor:
such asM. |Tl. Bakera®hplipsbecg, O¥)).af pelokdxytnehy c8086 ed ab s corosiambhhibitor.
% 2,60 S r. -12 04/ 074413 PCT/ US2004/ 004666 5
The foﬁf‘@’;"lgdﬁﬁ‘?é%@%ﬁm(?‘J&S’C*\aﬁﬁ’fygi‘mmﬂ%) 90-3) is comercially
avai |l abl e from vendors such as Akzo-Novel (Chicago,
IL). Aeylamne can be used as a corrosion inhibitor,
and is used in aerosol hair¥pray. The following is
the structure of ol eylamn -oct adecen-| -amne) (2):

Lubricant Base Qil

The greases exhibiting low noise characteristics of the present invention are comprised of
the grease gelling agents of the present invention and lubricant base oil. The lubricant base oil
used in the present invention can be selected from Group L IT, III, IV, and V lubricant base oils,
and mixtures thereof. The lubricant base oils of the present invention include synthetic lubricant

base oils, such as Fischer-Tropsch derived lubricant base oils, and mixtures of lubricant base oils
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H2N 2 10 Et hyl enedi am ne (3) (CAS Nunber: 107-15-3)

is conmmercially available fromvendors such as Dow
w@h@aicals (M dl and, M). Ethyl enedi am ne i s usedI/U$2004/004666

such industries as printed circuit board

that arg, Ll sp{fl‘t%tpﬁ% sgn%?tbg%e Tﬁs\%g c&%&ﬁlgioﬁg forrgil{bgg%ﬂt ?ﬂ b.gilg lefined in the

API InﬁdﬁmhF%Gﬁﬁleﬁﬁ@UAPI%bHcdﬁbﬁqw% UsEpUudfupEorftet, saturates content, and
kene gl ycol s and polyether 15 polyols, and is

Vlscoshbé@ée%r?r?)ﬁ}oﬁ‘tn‘%?ﬁ%"% F#hlek renmovers. The following is
the structure of ethylenediamne (3): ,,,NH2 H2N-3 3
20 Cycl ohexyl ami ne (4) (CAS Nunber: 108-91-8) is
commercially available fromvendors such as J. T.
Baker (Phillipsburg, NJ). Cycl ohexyl am ne can be used
as a corrosion inhibitor. The followng is the
structure of cycl ohexyl ampgdf): NH2 4 25 Lubricant
Base G| The greases exhibjiting | ow noise

char@owpr i st|i Sslfof, ppine |present | n/é}anirams abe con'pVI sed

£ the Arpdcn Aol i ney |

\wa —C 11O ul o I U I"ng age t Of IIC P OCIT( I‘I VCT'I UII
and | dbri cgﬂ b%@ooi | . Th‘gmf/%r Lant “Bise o E%O
in Thep presegnt | ntign cagnde serect Tromtg(p_upz(ﬁ
I, 1, IVq and Iubﬁicant base 0|Is% a]

mxt uIIEs t her eoke 3gbhe Ilubridatht base eidgs of| t he> 120
present invention include synthetic lubricant base

oi | I's, I\éuch as Fi scher-Trops@hP@ﬂe'ﬂ]lph@Qiefﬁmﬂarl cant base

20047 374413 | PCT) US20DRPDORGRB BeRREL P Wed 1V

synthetics and synthetics. The specifications for
Lubricant Base O ls defined in the APl |nterchange
Glrctdsics Heg m(&k@ﬁrmml liublacanbhas_t?w@)‘-ymeaﬂyglsg gélfvemts to extract the lower

Vlscos1g3(1 A enL‘Q)%\%trﬁ%rﬁa %fin’é 1néree%? tl%%g? 8f \ﬁe éﬂﬁ %fo%glﬁc%tb%s desired.
These St etidr@$ypidalM phenol or furfural. Solvent extractlon gives a product with less than

90% saturates and more than 300 ppm sulfur. The majority of the lubricant production in the
world is in the Group I category.

Facilities that make Group II lubricant base oils typically employ hydroprocessing such
as hydrocracking or severe hydrotreating to increase the VI of the crude oil to the specification
value. The use of hydroprocessing typically increases the saturate content above 90 and reduces
the sulfur below 300 ppm. Approximately 10% of the lubricant base oil production in the world
is in the Group II category, and about 30% of U.S. production is Group II.

Facilities that make Group III lubricant base oils typically employ wax isomeﬁzation
technology to make very high VI products. Since the starting feed is waxy vacuum gas oil
(VGO) or wax which contains all saturates and little sulfur, the Group III products have saturate
contents above 90 and sulfur contents below 300 ppm. Fischer-Tropsch wax is an ideal feed for
a wax isomerization process to make Group III lubricant base oils. Only a small fraction of the
world’s lubricant supply is in the Group III category.

Group IV lubricant base oils are derived by oligomerization of normal alpha olefins and
are called poly alpha olefin (PAO) lubricant base oils.

Group V lubricant base oils are all others. This group includes synthetic esters, silicon

lubricants, halogenated lubricant base oils and lubricant base oils with VI values below 80. For
-14 -
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| > 300 And/or < 90 80-120 Il 300 And >_ 90 80-120

11 300 And > 90 > 120 1|1V Al Polyal phaol efins V All
wEe@eksi4Not | ncluded in Goups | - 1V FacilitiBST/URRD4/004666

make G oup | lubricant base oils typically use

solvents t.o_ ext act | ower SCOSILY dex I e
PWOSS%%%@W @C%WB {}FP&‘P g‘g’ ﬁ‘ﬁ%@f ‘Zﬁh E‘ PYF& 1% GSS‘?{%;M silicon
lubricafe Crbi 1|W1h@ﬁ§ands§§eroﬁd t)frpl ?@@%ﬁeﬁ@e&w p@fdleum by the same

typi cally phenol or furfur ol vent extraction gives

procesges piseshiiganake @ueup & 98d {Hubricapbbess filsrtax eadeidess soyaee eongitions.
%O}P ?ﬁl?blﬂcallil{ & oﬁs Iql% t Itﬁllte? }%aﬁg 81,1%{111 %uﬁt 1 I gpg %a.red by Fisher-

TR s In
TropscE&Qhﬂhb§1$ %ﬂl}lléiﬁtohrgaiﬂenﬁ’tmhpndﬂnall Hlpha 6Rﬂh cﬁl@&@eﬁzdtﬁm or

typi cal | enplo%,h r opr.ocessi ng such
oligompfiagt tisgrofig fig bet mgﬁ’&k% Choy dios PREIETSTY thig applietigmeynihetic
1ubnoa¥ b&RE ofif g)fgcqu%sﬁlnﬁie{lc EQedsRBa SRGH Hbﬁ‘ﬁsﬂtg’ n 20 val ue.

e use oprocessing typica I ncreases the
saturate content above 90 and reduces the sul fur bel ow

F 30 n1 roxjmately 10% of the |ubricant base oi
ormingt rld is in the Goup Il category,
Qé%H tgel:fﬁﬁ/oagéntyoﬁhe BEREMGH AR oA Swﬁﬁf?yﬁ)vllde greases exhibiting low
FaC| ities t Goup |11 I'ubri cant base o

noise Oﬂlyqapf@asﬂmﬁ, mlr@%ucwhhy B s@nbm ﬂlat da@prs whattho Iabfg&y: dascmlmde

compol gt s PO S LSRR g ot tanin

polyoxﬁ@lkﬂeﬂé(ﬁﬁmﬁiédoﬂ dylcldaBcySdhlefiidmind; B§clSHIRVIBMIAD; afd SHUebFaining-
ave saturate contents above 90 and sul fur contents

diisocysatesyw aioddijsprranpieseneqmbipehisicivesifia Prapostipisdeeacti@eepcurs that

produceé’grea?e a%&?iﬁ}%a}gﬂﬁ M%«%ﬁ@y&%&s@ﬁ%ﬁ&ﬁmﬁﬁ gﬁfsgkiﬁ?#et%nsucs. The

grease \golling 'agerlts16f the prdseuinyion Sompriteem@torefldivressaind @otyreas.
Goup IV lubrjcant base oils are derlved bé
othegommorads ¢fdhe Breseit ipvention waY be cempmed i tprmapergass gelling

agents g‘a {}Eﬁ \?H?éc% P?{élgﬂft%ngﬂ)a%g bl t§ Pcﬁ@ él%?{e' E)tltlrl&?l% ﬁUléescharactenstlcs

ase oils are ers hi's group
In the altaa:tham”e,sths yomhetrids of ftegrrssentsink éntmm ard crtmbmemhsa, lubricant base oil to

ST e
1nvent1gf;ﬂeu§%§iﬂﬂé@94@§§:an§o£é'ﬁﬂoses of this application,

up V lubricant base oils exclude synthetic esters

a’t’rmclﬁcahlsccﬂnﬁ ﬂea@mndhatt@,CWp tatugnehtiiseeymnatsd$l obsylagnine (2),
vt AL B AU BRERARAEAHERBRHEHT Pl ouBetige soes

as foll®id:s, but under | ess severe conditions. Synthetic
| ubri cant base oils neet APl Interchange CGuidelines
but are prepared by Fisher Tropsch synthesis, ethylene
ol i goneri zati on, normal al pha olefin oligonerization,
or
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10 ol igonerization of ol efins boiling below C10. For

pur poses of this application, synthetic |ubricant
whawe/0Di4hd excl ude synthetic esters and sili coOPCT/US2004/004666

| ubricants. Formng the Gease Gelling Agents The

grease gelling agents of the present invention, whjgh

provi de greases exhibiting ow 15 noise 2

, §Eseristics; e ced by a react,{jﬁn t hat
NCOyocdurs when the ahove-descrilbed” BgNfpounds art
conbN@&d. \Waln the Tonpounds al kyl am ne or

al kenyl am ne; alkylenfdianine, 3 4

pol yoxyal kyl enedi am ne, or cycl oal kyl eénedi am ne;

cycl oal kyl am ne; and aryl -contai ning- diisocyante or
al kyl di i socyanate are conbined in specific
proportions, a reaction occurs that produces grease
gelling agents that provide greases exhibiting | o

noi se characteristics. The 20 grease gelling agents of
the present invention conprise a mxture of diure

and pol yureas. The conpounds of the present”

i nventi on maybe conbined to forma grease gelling
agents and then added to lubricant base oil to forma
grease exhibiting | ow noisg charactenjstics. In the
al ternative, the conpo n SN%%N: dsenl_i nventi on
are conbined in a | ubrY&int bas tg f¢ a grease
exhi biting | ow noi se char act®@r | . Qreferably, t he
conpounds of the present 25 inventior are conbined in
| ubricant base oil. Specifically, the reaction that
occurs when tol uene diisocyanate (1), oleylamne (2),
et hyl enedi am ne (3), and cycl ohexylam ne (4) are

combi ned tiépr vi de gaea gelling agents iis g@s H ﬁ
follows: -] 2004/ R74413 PCT/ US2004/ NN N ~
C H 3 IR+ qugJJechonNzg'Qﬁ EHIHH \fof orix
O eyl ' NUN I \ONY 10 ~\ 0 CH3 HHHH=NNYYy,
N + Oeyl"™ Ny NNYN3A eyl + cHx YI ycHk 00 O.~
O

I m

CH CH
R LA
+ 1
N~ N N° IN NH "N N -
H H H H/\/ H HO" N
v

wherein R! is cHx or Oleyl and n is an integer from 1 to 10.

The grease gelling agents of the present invention formed when toluene diisocyanate (1),
oleylamine (2), ethylenediamine (3), and cyclohexylamine (4) are combined are comprised of
diurea of formula I, which has a molecular weight of 540, diurea of formula II, which has a
molecular weight of 708, diurea of formula III, which has a molecular weight of 372, and
polyureas of formula IV. The total content of polyureas of formula IV in the grease gelling
agents is <20 weight %, preferably <10 weight %, more preferably <5 weight %, and most
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CH3 CH3 Il in Il CHBCH3 ~1 Ol / O RL~HHHH

\, ,NHHH, HR 5 N wherein RL is cHx or Aeyl and
wm2008/021313 nteger from1l to 10. The grease gel | PETUS2004/004666

agents of the present invention formed when tol uene

preferag)%)j 5%%%@&%1 IsII}Ié%hFOI G gété) ‘i?&fPBII ﬁé@ﬂ%‘gég rmulas I, II, and

III in tﬁ@g’@ﬁéég%ﬂn%f agetd idh-80 @égﬁf %, e@%fIiﬁy o0 %Hlléiﬁ (’/I{)I,%Ol% preferably >95

ecular weight of 540, d|u ea of "for a |l
weightifasaral modt peefbmblwisi -%Wexght %0 $urlﬂi51mnc&a, thé to‘taircmsuteat d)if d1ureas of

I I of 372, I
formulfi, Le80 135 SRR f >GHEGHE hoP o501 Do P ERG ik Emore
preferaIbIél 6175 BRi Q%% dgﬁIath(I)ﬂ? L) ?nf(§4d) %%g%’,"‘ﬁkél%‘a W?ZO -30 weight %,

erabl < T0 wel nDre pre
and m(%a pmfelrahbéli% 37 W61gw/02 00dit A Idhrﬁ?ﬂmluaﬂnmo W@ﬁ%,@referably 1-5

f bl i.l.e the. correspondi ng total
g R0 Rk Pk i ke S BRRURIRCT) "0
%&%ﬁﬁn@l@' fhb @Eo@&i@l‘&ﬁt%atécﬁreﬁct% FeRi18hA ﬁxéasepéﬁﬁ Qﬁé'ni’s &%ﬁmsmg
wei ght nore preferably > 95 wei % rmst

diureaspe gnalbIIyII,gandgﬁ andipghrdas of fortivds Hvbr B js thhgattioulik combination of
f
ot of 3 hadeisthal i ity o6t iy apipieireBo et e Hionly

diureadéftforfiiig I, 1 SlianiaiipslyReead 3f hi I\P@re‘ifres@hﬂlﬁl%agr@ise the grease

formula 1; 10-40 weight % preferably 20-30 vvela
propertigs 24p @Sﬁé@%rabkefﬁeqca@@glmn gye m@b@qhme% thef graesgres m@fagents of the

preseng /}?1(/% A cIoquri%Q g IITIIr gaugfI Q%Iés c(f fo qr fIb IIT a§1d p%@as of formula

prere lurea o

IV, formula Ill. Accordi ngly, the above |IIustrated

reaction results in grease gelling agents conprising
diureas of formula I, Il, and I1l and pol yureas of
GreasdsOrmula 1'V. It is the particular combination of all
—  of the urea products that provides the excellent |ow
ricliesgreape eampomhatsmftthﬁ plslsemd: mvehtﬁomcdnypriw adilbni@asbast oil and the
ureas of. formula |V

grease gRliEg 3Bonth ad disp@biEiaboy s ol Bt <SfipaRieys bt e Gbcant base

oil in ASAJuAPb LfroAGERIR ALY 991 4008y G BIRGL RN nd thD 8rddE€8dBng agent in
gel ling agents of the present invention conprise a

an amqynk o Uremapprdiximataly F tof Ly weilght percent., I\@m@pnefaraldﬁdthe lubricant base
oil in a@ (?rr%oglélf ?E frof afgﬁrrogu%a %IP, é)? t%gg Wﬁ\éﬁ per(sgﬁr-IIhae ? grgasae gelling agent in
an amdunbof ﬁ@tﬁtapbﬂ)‘iﬁnﬁtbly sgad St ght percent.

The grease compositions of the present invention may also comprise other additives such
as antioxidants, corrosion preventative agents, antiwear agents, load carrying additives, Extreme
Pressure (EI’) additives, antirust agents, tackiness agents, metal deactivators, colorants, and the
like.

The grease compositions of the present invention exhibit low noise characteristics.
Preferably, the grease compositions of the present invention also exhibit good shear stability and

good heat resistance.

Noise
A grease exhibiting low noise characteristics of the present invention exhibits a peak
average value of less than 15 microns/second, preferably less than 12 microns/second, more

preferably less than 10 microns/second, and even more preferably less than 5 microns/second
-17 -
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grease gelling agents as descri bed above. The grease
conpositions conprise the lubricant base oil in an

w@ewant44od from approximately 99.5 to 75 wei ghPCPESIEH1004666
and the grease gelling agent in an anmount of from

when (ERE] QTR BSONDuralndle: 48 0Rbn BEGGR by MH Bearing Cogpany. A

grease ExBItRRA6 W XoIEB R ct8dsticd o8 thewre@ht inPeitianhaydlsh EXifbit one or more
grease_gelling agent in_ an_anount of from
of the gddifional ﬁ%ﬁ ise opytigsasdafiged ab@iceent . The grease
C o . . . . .
LR Brele SRR Soigd MERIPRGATNE  Plfsont invention may
have a cmal asd@on palev,erdned]] mdscagdue, 8 smalitpesleaveragenlis, ahdathrge
carrying additives, trer Pressure (EP) additives
percentage o} peaks gg@lﬁﬂ%wert Fecafiit @dﬁﬁ%ma’f&%@a&% i2y Bidsd above.
: [
e o el o e R P R PR A AR for low
noise chhrartgustesite b exhibitd?d. ditrefeadbly; 2 gréase of drgresconipusitionagives exhibit
of th resent inventi.on al so exhibit good shear
one ot gtoé%PﬁhEV aéiﬁﬁlonaggapﬂbgst resi stance. 35 Noi se A grease
X {31 Aot deBiBlall1 © tMah Sletfes CRAb ARG W Hbise ThatbctbARIRMESMAYVe other
. invention exhibits a peak average value of |ess than
desirabl& giepsersaRIrEess nednding gdasilawyl shearstabiliti gnd good heat resistance
pro er&é crons/second, nore preferably Iess than 10
p m ¢crons/ second, and even nore preferably less than 5
m crons/second -17 WD 2004/074413 PCT/ US2004/ 004666
5 when tested using a BeQui et grease noise tester
Shear Stabilifsact ur ed by SKF Bearing Conpany. A grease
i Di. ti- 2. - ' i.Sti . t : :
R 1 e LS B RERPLESd Gnfl in My ling
mechagidali worbingl Uhdey ngh sesprf ohenr t gresse aguctefes mend talharee in consistency.

Accordi ngly,, a grease hi.hi.t| ng, |.ow noise . .y
Greasef 0B R iR ST e au DRtk JBHE Gl in hdjaniag of the
grease S ABdrbasBRARY QI ISk YBear 3taBITRY| thBEf38 Witld€sofnBtdkiveBAkder

aver age val ue, and a large 10 percentage of peaks in
prolongéddopicshear strestber ed (i.e., BQ and BQ) categories, as

| ded. above. ~The | ow noi se properti ' diti -
o ke SRR Braeohentyle el o RaT i ol s 500.000 by
ASTMID7) Bfd §R WaRERSdRIrhSdd AF2 5610 P6OWY A THUD1403) of a grease
Preferably, a grease of the present invention does

indicat@g(}pﬁqgilqw s sigh iy r Aceordinglys 8 isdrsired ﬂ}@é?he.pgr@prg@q‘ @xhélgi?tmg low noise
charactlg{j]igﬂ}c% g?lﬂf'eopr Sent fn@?ljétgon;ﬁ% a%{o%ﬁi?g axfge?f {CQ 'b'éf\xg %lpgér’}'%ﬁ] eléi%sorked

eri'stics a ave esira
penetrgpionpad tioglsed penetratitintg ngoladsdr dvinslises prafeablt ndt Yarg@ttthan 10%, and
heat resi stance properties. Shear Stability

god
mostp%ﬂggblyglpgbirgquﬂgm%.t he ability of a grease to resist a
change in consistency during

Heat Resistance

When grease is heated, it becomes progressively softer until at some point the grease no
longer functions as a thickened lubricant. The heat resistance of a grease is often measured by its
Dropping Point, such that good heat resistance is associated with a high Dropping point. The
Dropping Point test is described in ASTM D2265. Thus, it is desired that the greases of the
present invention exhibiting low noise characteristics will have a Dropping Point of at least

215°C, preferably at least 220°C, and most preferably at least 240°C.
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20 mechani cal working. Under high rates of shear,

grease structures tend to change in consistency.
w@x®@ases1wi th poor | ow shear stability will quPCkI$2004/004666

break dovvn resulting in a thinning of the grease. A

?%M BE ggeg |a€ élvgrﬁtaﬁdg tl%ge %‘F E%Vggd h 7 é%{ %%lgdr not be construed

tolinusmees@eo%tﬂl@mgentwnffer ence between the prol onged
wor ked penetration (Full Scale, P100,000 by 25 ASTM
D217) and the worked penetration (1/2 Scale, P60 by
ASTM D1403) of a grease gL Rfisaes poor | ow shear
stability. Accordingly, k Sel red that the greases
Selvetal diffegent greasssiveare predpared akmgidifferos anhonieofuyekdatylamine,
i nventjon have a gositive di fference between prol onged

oleylagymey g ethdpredfaniingn and wor ked penetrati on of not

| f Yy -
PSR IaO Bl 1A e Ganigh S S RheRI e Al

mixer YWvel) was ebarged with é/éﬁécgram ofibe bmsnkﬂ(hgu}ekél VH] (;nclmiﬁnga r

Ovcont g BTP RO et 55525 RSP P EPB 83200

The mix8r @itchBn PEASWALHaR (nfodlerakd QR A tﬁ@a%lat@&ﬁoﬁrﬁ@éf the primary

good heat resistance is associated with a high
monoafyiggspind gigpones werthaddgbtobhepibi ke Pottnte wastiried and heated to 150°F at

ASTM 5. Thus, it . hat . t
which 36 o PR T B BPHI o PO e Afe the
add1t10ﬁ%s%hﬁa[ét§ tth&ﬁudl@ehéd 1B EreqyALLERRYH RO FPFTEr e Hur k@&%a the

C, preferably at |east 220C, and nost preferably at
reactloh é@swmﬂ&@@ (ediBpleiP Ol ¢ OadHABWROTOWIER00 by A6 66l spedirmscopy;

T R NI YT -

necess&GOME tMEkdnBL MRV AsAsscBNNRRES3 rgﬁﬁﬁﬂ% pRidute %1%@56 having a
reases were prepared usi n&hdl ffering amounts o

Workegp@mﬁh@my@%?fﬁSneZ% (MnGiﬂgra Adickemgd cenﬂqmsaf dati gradsgeranged from

red as
11 t0 2005 S GRS e RERRES B8 Powletiont & et HhitGiats s
Munshﬂtlﬁg@ﬂnwstrb)tefm il @ dTBy@bhdxRinkiAs frovides 6B DRV $hear
[11 (including _Unconventional Base G| and
Stablhtpflawalfiﬁéé%ﬁa@éﬂ ved |ubricant base oil) or Goup
IV (PAO). The mxer (Kitchen-Aid) was started
(moderate rate) and the cal cul ated anmobunts of the

primary 15 nonoam nes and Tabkilbi nes were added to the
i The mxt-ure was-stirred-and heated -to 150F at

Samplg? ch poi nt the cal cy 11 G418~ 0o urft2 197-1r sSAldRdile h&R172-32-
added dropwi se to the mxgure.| Aftgq thel adgjtion wasgy;
conplete, the thickenhed mxturp was heated to 200H for

Mole Raties ndlitrluetnm drive the 1 1 1 1

Diisocyanate

Oleylamine 1 2 0.67 1.9
Cyclohexylamine 1 0 1.33 0
Ethylenediamine 0 0 , 0 0.1

Worked Penetration (1/2 Scale, 273 272 268 268

P60)

Prolonged Worked Penetration 280 449 285 504

(Fuli Scale, P100,000)
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reaction to conpletion, (conpletion of the reaction
was nonitored by infra-red spectroscopy;

wapmgiofd44eanl | y, di sappearance of the i socyanat ePCT/US2004/004666
absorbance at 2260 cm1 was nonitored). If 20

AAAAAA t o + In

e at he—thiekenrer—atxtd passed—through—=a;
Chang%lpr‘xg?jia{eﬁ]ﬁylef’etfagloﬁr oduge gféase 'havi+ﬁa7a wor Ke +236
5 penetration of 265 - 295 (NLA 2 grade). Thickener

contents of the greases ranged from 11 to 21%

Regelirdibaidemsaatrath ¢hat delgast eisawll amoupt ofpdhylpradéangihe isyeecessary to
obtain § N TR SLisAk S MSeduRetis, HhAldenpnstralied iatapld ¥

se of “cycl'ohexylam ne provides goo ow shear

stability are summarized in Table Il. 25 Table 11

Sanple I D C172-04- C2172-14- C2172-17- C2172-32- 01

01 01 01 Mle Ratios Tol&&Held 1 1 1 Diisocyanate

yHamme 12067 1o 50yt mhexy T & AT T332 L
Sampld Y| enddi ami ne 0 0 00 2 VGI ROy Rerct i At onL (1) 2001 />34-01
Mole Ra€ias e, 27dhwehe 268 268 P60) Prol onged VWor ked 1
Penet r atli on 280 449 285 504 (Full} Scal e, P100,/000)
-19 WO 24860eyANalE3 PCT/ US2004/ 004666 Change il Wor ked
Penet r at/i TI-E£Y77 +17 ¥23§ 5 Results 1hat
denonst ra@gﬁ?@r%e at | east g?smal I armuntf of 095
et hyl enediyeloheeylasiteegessary to gbtai n good hqat 0.95
resi st ajrge_pn_comg,t_na' onbinatlion wi-th |l ow noise are
sunmer i 2&dhylnerzamiEe | (|1 . TaBle 111 Sanpl@ ID 0.05
Tﬁgﬁ“- A=t Co172-04= 01T €21 %3401 Mol g Rat 1S
Chevr ololljlgene 1/jyl ?eiPﬁéDi [ socj anat é% eyl élm' neugﬁﬁ 0. 95 3.2
Test Cycl ohexyusawi ne 0 1 0./195 866 7252 4 63
Peak Average 16.0 14.8 3.1
BeQuiet Noise %BQ2 73.5 49.0 97.0
Test %BQ3 19.8 80.0 99.0
Heat Resistance | Dropping Point, 185 212 265
°C
10
Results that demonstrate that simple diurea thickeners alone (with no ethylenediamine)
can provide high dropping point and/or good shear stability but not low noise are shown in Table
Iv.
15 Table IV
Sample ID C2172-04- | C2172-17- | C2172-19- | C2172-34-
01 01 01 01
Mole Ratios Toluene 1 1 1 1
Diisocyanate
Oleylamine 1 0.67 0.45 0.95
Cyclohexylamine 1 1.33 1.55 0.95
Ethylenediamine 0 0 0 0.05
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Et hyl enediam ne 0 O 0. 05 Chevron Noi se Anderons 3. 24

8.04 3.2 Test Pulse 866 7252.4 63 Peak Average 16.0
wW(A2008/031413 BeQui et Noi se ¥BQ 73.5 49.0 97.0 TeSr/UYBQB004666

19.8 80.0 99.0 Heat Resi st ance Dr oppi ng P0| nt, 185

4’.)1L%UQ; Q1njD‘n3H_l%%tll \4IUI strat e+ Jlﬂ T
Samplg T ea t hi ckeners al one %7{2 fid Q?‘W é?] jl%7ﬂe1)9 el 72-34-

provi de hi gh droppi ng poi ntgjand/jor ggpod shear ¢ 01

stability but not |ow noise are [shown in Table V.| 15
Heat Resibtance \| Beopplng BdniC2172- 0212 C21j72- 219 C2172-2% 265

C2172-34-,01 01 01 01 |Mble Ratijos Tolueng 1 1 1 1
Diisocyah e Oeylamne 1 0.67 Q.45 0.95

Sh YGiRNeEX T 1.33 .95 renediraghgne 0 0 575
car SRR P/gb%% 2004/ 074413 /qszo&%omsee% anplle
I D C2172} Pehetr@div@/2A7- |C2172- 19-| C2172- 34/ 01 01 01 o1
6 265 C

Heat Resj stan oppi ng Point, [212 219 2
Shear St BBFAS g’;%oﬁ)rked 273 268 273 272 Penetrati or
(1/2 Sca ppold:’ de&&pngedﬁ(per 2845285 32537H 1 251

Penetratj o ul | Scal p
Penetratlon
(Full Scale,
P100,000)
Change in Worked +7 +17 +52 -21
Penetration
Chevron Noise | Anderons 8.04 5.82 >10 3.2
Test Pulse 7252.4 2765 37,701 63
Peak Average 14.8 18.6 49.5 3.1
BeQuiet Noise %BQ2 49.0 46.0 7.0 97.0
Test %BQ3 80.0 62.0 14.0 99.0

Table V below shows that a reasonable low noise grease can be made using Fischer
Tropsch derived lubricant base oil (FT) in comparison to a Unconventional base oil (UCB) and a
PAO.

Table V
Example % Base Worked Noise, %BQ | %BQ
Number | Thickener Fluid Penetration SKEF- 2 3
BeQuiet
Peak
Average
(microns/se
| 9
1 13.2 8 cStFT 294 11.7 74 93
2 13.2 7 ¢St UCB 293 6.2 91 100
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P100, 000) Change in Wrked +7 +17 +52 -21 Penetration
Chevron Noi se Anderons 8.04 5.82 >10 3.2 Test Pul se

W@ 282/0M425¥65 37, 701 63 Peak Average 14.8 18. 6 BOI/BSBN4004666
BeQui et Noise ¥BQ2 49.0 46.0 7.0 97.0 Test %BQ@B 80.0

6201409905 _TtapteVrbetoyw shops—thgt—a
rea onabl e F%%/ nqigs@fa)?é%se c E(’be made™usi ng F%Sscne}oo
5 ropsch derived Tubricant base oil (FI) 1n conparison
" to a Unconventional base oil (UCB) and a PAO 10
Tabl e V Exanpl e % Base Worked Noi se, ¥BQ ¥BQ Nunber
ickener..Fl uid Penetration.SKF- 2 .3 I et Peak
A it B AP Aftoh B 315 vl B om0 those
skilled 98thedrthditEoul deirtinBoRIBe &code 9dd 6t of tAlks iMntion. Other objects and
2004/ 074413 PCT/ US2004/ 004666 3 13.2 8 cSt PAO 286 .
advantggey woB beeransappardnd esthagsaikiliadan ithaart faa sleviensef thagrespding
. t:nis invention will becone apparent to those skilled
10 descnptnﬁh't he art wi thout departing fromthe scope and spirit
of this invention. O her objects and advantages w ||
becone apparent to those skilled in the art froma
review of the preceding 10 description. -22 WO
2004/ 074413 PCT/ US2004/ 004666
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5 WHAT IS CLAIMED I'S: 1. A grease gelling agent
conprising a mxture of > 80 weight % diureas and

wW@2m4A0413vei ght % pol yureas, wherein the di ur eBST/HIH04/004666
pol yureas are formed by reaction of (a) an al kyl am ne

ken (b) an al kyl enedi am ne,
VﬂiA#ﬂ%éﬂﬁ@ﬁ%i@ﬁ%nedlan1ne or 10 cycl oal kyl enedi am ne
(c) a cycloal kylarine; and (d) an
aryl -cont ai ni ng-di i socyante or al kyl diisocyanate. 2.

The g rﬁeg@asq@llhmgw@eag@mpr@mg mituee, of W8 vesiight ¥ diureas and 0.1-20

. .. 3 am ne or .al kenyl am n sel ected fromthe

weight I B g e B A T e BRSSP R Ry RO 6T () A

alkylani@Bby bme@lﬁamr@(}g%nh n@&mnﬂ%ﬁb@@ki&kyl@ﬂ&l%ﬁﬁh@rﬂrne
tetradecyl am ne, hexadecyl am ne, octadecyl am ne,

cycloalifpleaedimpingn{o) e cyplexiienwrsy adiden asylconiaming dijsocyante or

here 3. The grease gelling agent of Claim1,

dkﬂmmﬁ%ﬁlg% the al kyl enedi am ne, pol yoxyal kyl enedi ani ne,

or cycloalkylenedlan1ne Is selected fromthe group

consi sti ng et hyl ene, propyl enedi am ne,
But yl &b@c&r% ﬁ@lhna é&‘iﬂt eh el Naicrei e Aindsmire ke henylamine is

selecte@ (f oﬁx@%g%@gogginstﬁ J)fyﬁééﬁgn{l%%hfg ?1['1:|1er éo%yl%rnn%heptylmne

octylarglmeaieey]gﬁhﬂld Kigde!:g'emtm@ftetﬁdad:mﬂuney\lmcraéedylarimﬁe octadecylamine,
cycl oal mne is sel ct ed from the group consisting
docecegylagyng, EW@%?‘F%’M%“ &) rlais@mwh%{?wﬁ
cycl oheptyl am ne, and 25 cycl ooctyl am ne. 5. The
grease gelling agent of Caim1, wherein the
a yl - ddwtgaease ggHing iagad péolamadl, whatday fhei allgdenediranine,i s

S cted fromthe .0ONsi St i of .t ol uene e
polyox§k gttt o el S8 Eins st Rl ik 4 2oup consisting of
ethyleﬂ%' ﬁ&pp@ﬁadlaﬁﬁféyaﬁ%ﬁédlarﬁﬁ@ Ny RRdiihsay abdcolend@amine,

di phenyl i socyanate), and m xtures thereof. 6. The
octyler@d@arg@e, gebiorreronijenediashing) eyclphexangfisming, an siyiugasdhereof.

and polyureas are formed by the reaction of

ol eyl am ne, ethyl enedi ani ne, cycl ohexyl armi ne, and

t40| uneThedré0 gyliingagent 35 ClaimA, @ﬂﬁﬁ@t}@&iybloﬁ&ymm is selected from

ri.sing a m xture of di ureas of formul as | and

onp
the gropip consisting ofieydorytpraiag. 3y Sers g, op4ekewtyl mnmemmi
cyclooSyBHlindYUN 131 NyN, cHx  CH3  formula |

5. The grease gelling agent of Claim 1, wherein the aryl-containing-diisocyante or
alkyldiisocyanate is selected from the group consisting of toluene diisocyanate,
hexanediisoycanate, methylene bis(phenylisocyanate), phenylenediisocyanate,

bis(diphenylisocyanate), and mixtures thereof.
6. The grease gelling agent of Claim 1, wherein the diureas and polyureas are
formed by the reaction of oleylamine, ethylenediamine, cyclohexylamine, and tolune

diisocyanate.

7. A gréase gelling agent comprising a mixture of diureas of formulas I, II, and III,
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HHHHOeyl'NyN NyNOeyl cHX NNyNcHxk O.~OO01 O
CH3 CH3 5 fornmula Hformula Il and pol yureas of

wo eoov413 VvV, CH3 CH3 Al "I R H HH H NH H H PtE/US2004/004666
formula IV 10 wherein: Rl is cHx or Aeyl; and nis
an integer from1 to 1|Q qher ei q1| tfpe grease gelling

agent is corrprlsed of N %M ureas of
formulas I, 13U |i I'l Jland 0. Zd"'(/j\m ght % of

pol yur eas of fornula 1 V:O an d@ureas of fornul as
I, 11, and 11l are conprised of '3 60 wei ght % of
di urea of formula I, 10- 40 wei gI % of diurea of
formula I'l, and 1-10 V\Blghto B! di urea of formula

I'11. 20 8. The grease gelling agent of Caim?7,
vvher eing heng easeygeld i ng agent | ?;] clqn'prl se,t_jI of, >_90

EHI‘%'/N I Nang &f%’mﬂ aoF Ho Or\IH{H 3@9\[% Thehx

qght | %

gr ease gel Oof Caim8, whePein grase
gelling agent is conpri sed of >95 wei ght 5% of
diureas of formulas I, Il, and Ill and 0.1-5 vvelght %
of pol yur eas for@fia fror mila V. -24 WO 200?({“%4@3

PCT/ US2004/ 004666 5 10. The grease gell1ng agent of

Claim8, wherein the diureas of formulas I, 11, and
11 f\re Co rls f 60-80 weight % of di urea of
8 patyyrees o Pght % of diurea of fornula I,
and 1-5 wei ght % of Cq!;urea of formul a Id;|l1 10 11. The
gr ease gelllﬂ? agerfy ofo[C ai m 9, Owhef el di ur eas
of formnmukRks , d Hl | 1

Rag S Al NHN/NnN/R

H H H "H H H ™}
formula IV

wherein:

R'is cHx or Oleyl; and

n is an integer from 1 to 10;
wherein:

the grease gelling agent is comprised of 280 weight % of diureas of formulas I, II,
and IIT and 0.1-20 weight % of polyureas of formula IV; and

the diureas of formulas I, II, and III are comprised of 260 weight % of diurea of

formula I, 10-40 weight % of diurea of formula II, and 1-10 weight % of diurea of

formula III.

8. The grease gelling agent of Claim 7, wherein the grease gelling agent is
comprised of 290 weight % of diureas of formulas I, II, and III and 0.1-10 weight % of polyureas
of formula IV.

9. The grease gelling agent of Claim 8, wherein the grease gelling agent is
comprised of 295 weight % of diureas of formulas I, IT, and IIT and 0.1-5 weight % of polyureas
of formula IV.
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are conprised of 60-80 weight % of diurea of formula
I, 20-30 weight % of diurea of forrmula Il, and 1-5
wowdoglor449s of diurea of fornula I11. 12. A gr eaBET/US2004/004666
conprising a lubricant base oil and a grease gelling
agent conprising a 15 m xture of >80 wei ght % di ureas
and 0. 1-20 wei ght % pol yureas, wherein the diureas and
Aol yurBeredse gelbinpgegeryyf Céamtd, avhetdin (he)diaeasd kiptmntiang 11, and 11T
or .al k n | am ne; an al kyl enedi am ne, . ,
are corgIispa 0y § %@&.} at fhgreagyt q%g %%W@ahfa‘}/ﬁ Hehreg f formula I,
( an aryI
and 1- %ég%tggﬁdm ng&%?egggg’i/‘%ﬁ%aeﬁ%r al kyl di i socyanate. 20 13.
The grease of Caim 12, wherein the aI kyl am ne or

S S a8 S R B R 0 £l e
are cor@;ﬁftis\éh gmsml%o wéilgﬁy)g @mgeea cfiqsllwa @@Otnﬁ)dwelglht % of diurea of formula II,
tetra ecyl am ne exadaecyl am ne, OCtadecy awnne

Mﬁﬂ-ﬁW@@bé%yﬁéWmﬁ@Ofﬁmﬁwhd@benylan1ne and m xtures
thereof. 25 14. The grease of Claim 12, wherein the
al kyl enedi am ne, pol yoxyal kyl enedi am ne, or

aecl o kidaehemhhR{sinpea ludrishlt ®adeas] dnd e @lifighgent comprising a

consi sting of ethylenedi am ne, propyl enedi am ne,

mixturg of 3@ veighhii disreahend 0. &r8aveightiie pomgw@ﬂ@autbﬁdlﬁéeas and

ocyl epedi 0 X enedi .
potyur g RER T BhrGrinbS! AT BT LSRR fring o) an alpyignediamine,
polyoxgiilﬁﬁﬁﬁe(ﬁiftmfﬁe;’Jldnmyl;Il)alléfyhéﬁ'é@ﬂaﬁuﬁd1 @c)%’@kzlb@Ildednﬁﬁb n@di(8) an aryl-

sel ected fromthe group consisting of
containge-fisnexgatant alkyldiseayapint y| ami ne, cycl oheptyl ani ne,

and cycl ooctyl am ne. 16. The grease of Claim12,

wherei n the aryl -containing-diisocyante or

diBky| diiespessanaCaiins] 25 eheeciretic htkytaniine ogalkerylamine is selected from

conS|stJng (0] uene dllsocyanat
the grom%&ixnlgsoéy@aﬁ?%e neBt @%%V@%?@W%&%ﬁ&t@mme
decyla%ﬁ%%écgeg?ﬁrﬁen?é; géhaaﬁ_@éﬁammg h}%(g)% ; 37441 g%g&ﬁ@%ﬁ?ne, &cenylamine,

hexad PGyl G20 0atyd00 BB 6s thered?.. The grease of Caim 12,
wherein the diureas and pol yureas are forned by the
reacti on of ol eyl am ne, ethyl enedi am ne,

cyc| ohmreydredit | B?Cla’-’iﬂﬂdnt b @ |aﬁ@%@@1@frﬁae gglyofﬁﬁkylenedlarmne
grease of Claiml wherein the lubricant base oil

or cyclg@lkél@n@bammm sqi@t@i@@p thfcgmgp gwsrrﬁgmefof éhdlqneqhamme

ricant 249 il.s b e
prop e AT o Rl e pet 8t ey oA RG Rl apggiomine,
polyox%axsapyl@n&cﬁamﬂfegcymdiebdﬁr%dtahﬁﬁ@@hd ndifturekhiBergs@ase of
m 12, wherein the lubricant base oil is a Fischer

Tropsch derived lubricant base oil. 15 20. The grease
ofs C t LhSES
Mori e fise B it WRRPAS L5 EAUDBIAE s HBeted from the growp
consisting ofeiygloheaigininescygiopastylapaheé,icyglohgepimine, and eymieottylefmine.
0.5 to 25
16.  The grease of Claim 12, wherein the aryl-containing-diisocyante or
alkyldiisocyanate is selected from the group consisting of toluene diisocyanate,
hexanediisoycanate, methylene bis(phenylisocyanate), phenylenediisocyanate,

bis(diphenylisocyanate), and mixtures thereof.
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percent by weight. 21. The grease of Caim 12, wherein
the grease exhibits a peak average value of less 20

W0 b@n/024131 crons/ second. 22. The grease of cl aPer/L2004/004666
wherein the grease exhibits an anderon val ue of |ess

an Omcr i.n e radl r
a1 mids e pELIRE BreRlL RS e poGrdh SG5bulbapy me
reactioh 88 6letAdtine 2th lﬁe&ﬁhﬁne’g\&ydm&&yfaﬁﬂn@)énd folasl@il pBRirate.
24. A grease of claim 12, wherein the grease exhibits

a percentage of peaks in B2 greater than 50%and a

E%r ce 'ﬁth%%?ea% oPeRiA 120 ﬁgémotile glb?ﬁ%xﬁ)baggﬁ'ﬂ bsgs%%cteﬁ%%rg gle group

grease ctonposition to cant
consistmgl af Grodp { h])bnaargrbemlsg @Irdmpnl@ ldgeant taserpils, Grogp II{ igbriaant base
re of diureas of formulas I, Il, and Il1l, -26 WO
oils, Gr@@e dybricpat WP@%?@@@P@W&%@@WOH HHHOeyl"M\ M Cy

NN,cHxk 0O CH3 formulal HHHHOeyl'"NyN: NuN d eyl
CHX' NUN\ Q' <T NuN''cHx O I 11Ol 1Al 1101 CH3 CH3
39f or rMillear¢dse bHChairthd 2) Wherenrttie piirigemtdase oifl isf oFischen Trapsch

derivedTaoricasebad e, "L R HHHHNA HHn H

20.  The grease of Claim 12, wherein the greases comprises the lubricant base oil in an
amount of 75 to 99.5 percent by weight and the grease gelling agent in an amount of 0.5 to 25
percent by weight.

21.  The grease of Claim 12, wherein the grease exhibits a peak average value of less

than 15 microns/second.

22.  The grease of claim 12, wherein the grease exhibits an anderon value of less than

6.0 micron inches/radian.

23.  The grease of claim 12, wherein the grease exhibits a pulse value of less than 350

counts as measured by an anderometer.

24, A grease of claim 12, wherein the grease exhibits a percentage of peaks in BQ2
greater than 50% and a percentage of peaks in BQ3 of greater than 90%.

25. A grease composition comprising:
(a) alubricant base oil; and
(b) a grease gelling agent comprising:

(1) a mixture of diureas of formulas I, II, and 111,
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formula IV 10 wherein Rl is cHx or Aeyl; and nis an
integer from1l to 10; wherein the grease gelling

W@ o@an74483 conpri sed of >80 wei ght % of di ur easP@F/US2004/004666

formulas I, Il, 15 and Il and 0.1-20 wei ght % of
pol yureas of fornula Ny angl the d,iurﬁas of fornulas I,

I1, and Il are co rLBi % of diurea
of formula I, t P/oo rea of formula I1,
andllOwerght%of d|u onuIaIII 20 26.

The grease of O aim 25, vvher ein tahe grease gelling
agent is conprised of ?90 %ha % of diureas of
formulas I, 1, and 111 and®™210 wei ght % of

pol yur eas of formula N. 27. The grease of O aim 26,
vvher ein |t|he|_gr easengIml ng agent |chon'pr| sed of w95

I as ,/N I
QCEL'X/\B ;5 io of] pggf/ure of fof 5270%
2004/ 0744 094/ 004666 5 28 Orhe

d ai m 26, vvhereln the diureas of formulas I, 3I, and
Il are conprised of 60-80 weight % of d| urea of
formula |, 20er30lamei ght % of di urea of %% and
1-5 weight % of diurea of forrmula I11. he grease
of Claim27, wherein the diureas of formulas I, 11,

and 111 are.10 co i sed of 60-80 wei ght % of di urea
IR0 bl S Forg ey

‘wei ght % of diurea of formula I,
and 1-5 weight %ot iurea of fornul /ng. 30. The

grease of C ein the t se oil is
sel ect edris hE:;lo Si | Rt

| ubri cant seH0|Is H? CBQ*/1 rgcant S |$s
Goup Il lubricant base 15 oils, Goup IV I bri cant
base oils, and m xture thewmaflv 31. The grease of

G aim 25, wherein the lubricant base oil is a Fischer
Tropsch derived |ubricant base oil. 20 32. The grease
afhdetial m 25, wherein the greases conprises the

| ubricant base oil in an anount of 75 to 99.5 percent

by weilyhs cHudr leylgandase gel | i ng agent in an anmount of
0.5 taq 251'1%?@0 nt g;s( \{\@i ght. 33. The grease of Caim
25, whHEF&l'A %5%90% @ &xhibits a peak average val ue
afhdreifis than
the grease gelling agent is comprised of >80 weight % of diureas of formulas I, II,
and III and 0.1-20 weight % of polyureas of formula IV; and
the diureas of formulas I, II, and I are comprised of 260 weight % of diurea of
formula I, 10-40 weight % of diurea of formula II, and 1-10 weight % of diurea of

formula ITI.

26.  The grease of Claim 25, wherein the grease gelling agent is comprised of =90

weight % of diureas of formulas I, IT, and III and 0.1-10 weight % of polyureas of formula IV.

27.  The grease of Claim 26, wherein the grease gelling agent is comprised of 295

weight % of diureas of formulas I, II, and III and 0.1-5 weight % of polyureas of formula IV.
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25 15 mcrons/second. 34. The great of claim 25,
wherein the grease exhibits a peak average val ue of

wo e®s/0744n 10 m cros/ second. 30 35. A net hod POT/US2004/004666
maki ng a grease conprising the steps of a) reacting

a3 al kﬂlelaa'gé € P glazi‘&lﬁ%n%&l%nr]t% T:a% c1f Jngﬁgsdf ﬁmalﬁf III are

pol yoxya AeRediAnine, or ¢ 8 ant née,

compnee;ctéftm wbvaighﬂ% ofatigtea bf foamytla Iconaweigg26liof 6mc©aazfﬂf6rmula II, and
or ¢ égldllsgcyanate in lubricant base oil; and b)

1-5 wepght gyl dipiga oh & k. 35 36. The method of d aim 35,
wherein the al kyl am ne or al kenylam ne is sel ected
fromthe group consisting of ol eylam ne, pentyl am ne,
28xy| diherpegash epCldimi/nehemot the dmrees,of ford@11340, 11, and III are

comprig oo @%ﬁ?ﬁ%ﬁ]@ﬁ%&sﬁ%gg /9$ gﬁgﬁg 152(938)(7&'16%{1’5 98 of diurea of formula II, and

1- 5wetg¢1¥@@wmgbﬂforﬁﬁl@ﬂﬁcyl ani ne, docecenyl ani ne,
hexadecenyl am ne, and m xtures thereof. 37. The mnet hod

of Cla|n135 wherein the alkylenedlan1ne

S0 Lortf R TR Bt e B PRGSO Rt o the growp

consistid d G}DM}') € Reticattibase ol GYb g e %lﬁmaﬂteoasé’l 61y, laBes i@ NibARant base
dodecyl enedi am ne, octylenedlan1ne

oils, Growp ¥ xybicsn base odls. il maixtugg theséx anedi am ne, and
m xtures thereof. 38. The nmethod of C aim 35, wherein
t he cycl oal kyl amine is selected fromthe group
@ansi STHen@eas€ of @Idilﬁmg(whammtﬁe Iutyiechaytase yil & Rgcher Tropsch

) |.oheptyl a and cycl ooctylam ne. 15 39. The
dem’eﬁg‘i%]%@tgﬁse(ﬁlg] i m 35, wherein the :

aryl -contai ni ng-di i socyante or al kyldiisocyanate is
selected fromthe group consisting of toluene
d2i dheygaerat ef Clame2anetieesthe greasa, comptibgd thadubricant base oil in an

amoun . RIS SRELSTRL P BEENG S LPBEY B0 B oo 051025
pmnmﬁﬂﬂ&w&%thd of Claim 35, wherein the diureas and

pol yureas are fornmed by the reaction of ol eyl am ne,
et hyl enedi am ne, cycl ohexyl am ne and tol une

I%Il}br éﬁe?a%%gggfégplg xglhglg nhtg? &g %ﬁ%ﬂ{% ) pela.ggg&%%%value of less than
15 micE@RBe&dng of Group | lubricant base oils, Goup Il

| ubri cant base oils, Goup Il [ubricant base oi | S,
Goup IV lubricant base oils, and m xture thereof.

34.  The great of claim 25, wherein the grease exhibits a peak average value of less

than 10 micros/second.

35. A method for making a grease comprising the steps of:
a) reacting an alkylamine or alkenylamine; an alkylenediamine,
polyoxyalkylenediamine, or cycloalkylenediamine; a cycloalkylamine; and an
aryl-containing-diisocyante or alkyldiisocyanate in lubricant base oil; and

b) recovering the grease.

36.  The method of Claim 35, wherein the alkylamine or alkenylamine is selected

from the group consisting of oleylamine, pentylamine, hexylamine, heptylamine, octylamine,
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42. The nethod of O aim 35, wherein the |ubricant base
oil is a Fischer-Tropsch |lubricant base oil. 30 43.

wab@4greese of C aim 35, wherein the greases CPOPUSROE004666
the lubricant base oil in an anmount of 75 to 99.5

‘ c . ,
decylalgl‘f"ln*tgetI ﬁ?ﬁeg?bﬁﬁé, ?%}aggﬁqas{el?lg e}%t&g §lagﬁ£%b&9%%9%§{mﬁ,'ho@&eny amine,
hexadegergdarinef ard raixtor8SthewbEr ei n t he grease exhibits a peak
average value of less than 15 m crons/second. -29
37.  The method of Claim 35, wherein the alkylenediamine, polyoxyalkylenediamine,
or cycloalkylenediamine is selected from the group consisting of ethylenediamine,
propylenediamine, butylenediamine, hexylenediamine, dodecylenediamine, octylenediamine,

polyoxypropylenediamine, cyclohexanediamine, and mixtures thereof.

38.  The method of Claim 35, wherein the cycloalkylamine is selected from the group

consisting of cyclohexylamine, cyclopentylamine, cycloheptylamine, and cyclooctylamine.

39.  The method of Claim 35, wherein the aryl-containing-diisocyante or
alkyldiisocyanate is selected from the group consisting of toluene diisocyanate,
hexanediisoycanate, methylene bis(pheylisocyanate), phenylenediisocyanate,

bis(diphenylisocyanate), and mixtures thereof.

40.  The method of Claim 35, wherein the diureas and polyureas are formed by’ the

reaction of oleylamine, ethylenediamine, cyclohexylamine, and tolune diisocyanate.

41.  The method of Claim 35, wherein the lubricant base oil is selected from the group
consisting of Group I lubricant base oils, Group II Iubricant base oils, Group III lubricant base

oils, Group IV lubricant base oils, and mixture thereof.

42.  The method of Claim 35, wherein the lubricant base oil is a Fischer-Tropsch

lubricant base oil.

43.  The grease of Claim 35, wherein the greases comprises the lubricant base oil in an
amount of 75 to 99.5 percent by weight and the grease gelling agent in an amount of 0.5 to 25
percent by weight.

44.  The grease of Claim 35, wherein the grease exhibits a peak average value of less

than 15 microns/second.
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