PROCESS FOR PREPARI NG FI NE POADER POLYUREA AND GREASES
THEREFROM FI ELD OF THE | NVENTI ON [ 0001] The present

WO nyesizen rel ates to the nmanufacture of pol yuP€rnuUS2007/001814
powder and the manufacture of greases therefrom
BACKGROUND OF THE | NVENTI ON [ 0002] Industri al
| ubricating greases are honogeneous products of

sem -liquid to solid consistency. Essentially, they
consi st of a dispersion of g thickener in a liquid
| ubricant or base oil. In general, the thickener is a

significant determ nant of the properties of the
greases. [0003]pROCISSFORPREPARIRICG FFNENG t he
thi ckensesy e pOT PURER AREPeRE ASESCTHETEEPRION' o2

conpounds—are prepared arrectry rim tne base o Dy the
reaction of amnes with isocyanates. [0004] One nethod
to test the performance of greases is cone penetration
and prol onged working of |ubricating greases through
FIERDTOFDPHE, IMVERWEION specified weight is allowed to
fall into a lubricating grease sanple at 25C. The
[006'gPt Thebrédeat aormitionrela8d ftﬁtlﬁfmanmalcwrﬁﬁifq;”olﬁurea powder and
identifies the consistency of the grease. Wth the use
the pranqiasitere1of gugaseq thereffeme of the grease is identified
fromthe 60 stroke worked penetration.[0005] This test
can be used to determ ne the nechanical stability of a

BAGKGROUNDOOF THRINVENITI®KK ng, such as 10, 000 or
more double strokes using the notorized grease worker.
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C, nmeasur enents c € carried gut at ‘other
solidl eBnsisRindgy eEssetially, 8 ¢ymist offa dispasion of a thickener in a liquid

lubricant or base oil. In general, the thickener is a significant determinant of the

properties of the greases.

[0003] Polyurea compounds are among the thickeners used in making greases.
Often the polyurea compounds are prepared directly in the base oil by the reaction

of amines with isocyanates.

[0004] One method to test the performance of greases is cone penetration and
prolonged working of lubricating greases through ASTM D217. A cone of
specified weight is:allowed to fall into a lubricating grease sample at 25°C. ‘The
depth of the cone, in tenths of a millimeter, identifies the consistency of the grease.
With the use of Table 1, the NLGI grade of the grease is identified from the 60

stroke worked penetration.
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honogeni zation is achi eved at about 2000 psi. [0009]
[00(%1 hl‘flwgte bov %ng‘etd %ngeqegg}n%nt %nsx!&: Va\{nﬁga sga% ilgya(t))% ell igtré/ase
through prolonged workmg, such as 10,000 or more double strokes using the
motorized grease worker. While cone penetrations are typically conducted at 25°C,
measurements can be carried out at other temperatures. About 300 grams of grease
are required to conduct the ASTM D217 test. ASTM method D1403, DIN 51 804,
and IP 310 describe cone penetration equipment commonly referred to as 1/2 and

1/4 scale devices for use when less than 300 grams of grease are available.

[0006] Dropping point of lubricating greases is used to determine high
temperature structural grease properties related to the thickener. In ASTM D2265,
the dropping point of a lubricating grease is the temperature at which the thickener
can no longer hold the base oil. Some of the reasons oil can no longer be held are
that the thickener has melted or the oil has become so thin it is not held by the
thickener. Grease is placed in a small cup and heated in an oven-like device.
When a drop of oil falls from the lower opening, the dropping point of the grease is

calculated using the temperatures in the oven and inside the cup. Soap or polymer



of small particle size. They also illustrate that the
condi ti ons under which the polyurea particles are
w@e@passad4 | npact subsequent processing conditi POEUS20M001814
as the honogeni zation step in grease formng. [0010]
User demand for pol yurea greases has been increasing
steadi ly; however, manufacturing such greases has been
nore difficult and expensive when conpared to the
manuf acture of other greasesy_ [0011] One of the
difficulties in manufacturing pol yurea greases is
consistently obtaining on an industrial scale
thicRRR Sehs@ demomitt4e mdfofaPﬁ@ Péihy WHER 1ae¥§beﬁc fﬁiékenhe‘ifs such as
r eadi di spersible in a 1ubricating base oil. 12]
clayAn‘cgmpKttngy noichayisj adtopping peingr esent i nvent i on | s to
provide a process for making fine pol yurea powder
aring,or veri zi n%?lar
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st andard rease honogeni zi ng conditions. [0014] Yet
F@éﬁh%)powﬁér and base of is beatsdpeenird angrhomogenized in
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manufacturing with neat am nes or isocyanates. [0015]
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{0009] Both the above mentioned patents show the desirability of using polyurea
of small particle size. They also illustrate that the conditions under which the
polyurea particles are prepared impact subsequent processing conditions such as the

homogenization step in grease forming.

[0010] User demand for polyurea greases has been increasing steadily; however,
manufacturing such greases has been more difficult and expensive when compared

to the manufacture of other greases.

[0011] One of the difficulties in manufacturing polyurea greases is consistently
obtaining on an industrial scale substantially uniformly fine polyurea powder that is

readily dispersible in a lubricating base oil.

[0012] Accordingly, one object of the present invention is to provide a process for
making fine polyurea powder without the need for shearing or pulverizing large

polyurea particles.



m xi ng devi ce under conditions sufficient to produce

pol yurea conpounds having the consistency of a powder
wa@ea7iosr3ahi ch diluent is dispersed. [0017] An PCT/US2007/001814

enbodi nent of the invention conprises passing the

powder formed through a contai nnent zone havi ng neans

for nmonitoring and controlling the process. [0018]

O her enbodi nents and aspects will be clear fromthe

fol l owing detailed description. BRI EF DESCRI PTI ON OF

THE DRAW NG [0019] Figure 1 is a diagramof the

machi ne devi ce used to make pol yurea. [0020] Figure 2
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powdextidupol Paieal dobip RERISRVRIch@dndbe practichoNTdri M dusfi2dl|schie and
the practice,of, the inveption primry am nes and .
that cap be homegenized y t%%r\c{]qsdfgmﬁedmrpag@uzwwmagns-

[ 0022] The ami nes include aliphatic, alicyclic,

0 Ic ] 1%L U t hereof . . Exanmpl es of, sugh
100135 P SRS AS BThYETor BBy i R BB Aiba for
prepﬁﬂﬁ?)ﬂo@ﬁih’@ﬁ grofuey Rl BreatldGeaayindthB @isk (hazards) associated in

cyclohexyl am ne, benzylam ne, ani'line, diames” and the

manpfaeguring pat) nediamipes or $ssyanatees are sel ected from
the group consisting of polyisocyanate,

10018707 5555 S Epiiesbyects of e o piian 20§ Loosbess more apparent from

the foUbWIEE MBEGiptidif | Socyanate conmponent may be aliphatic
or aromatic ‘and preferably is selected from an

aromatic diisocyanate or mxtures of aromatic
SUMNMARYYORATHE. INNWENTIEINOf such diisocyanates are
phenyl ene

[0016] Broadly stated, polyurea compounds are prepared by reacting amines and

isocyanates in the presence of a liquid diluent in a high-pressure impingement
mixing device under conditions sufficient to produce polyurea compounds having

the consistency of a powder and in which diluent is dispersed.

[0017] An embodiment of the invention comprises passing the powder formed
through a containment zone having means for monitoring and controlling the

process.

[0018] Other embodiments and aspects will be clear from the following detailed

description.

BRIEF DESCRIPTION OF THE DRAWING

[0019] Figure 1 is a diagram of the machine device used to make polyurea.

[0020] “F igure 2 is a microphotograph of a polyurea particle made by

impingement processing washed free of lubricating medium.



di i socyanate, toluene diisocyanate, nethylene

di phenyl ene diisocyanate and the like. Typically, the
wa@niones73and | socyanates are reacted in nole rarPCDESIDN7/001814

about 1:1 to about 2:1 and greater. [0024] In the

i nvention an am ne and isocyanate is reacted in the

presence of a liquid diluent in a high-pressure

i mpi ngenent m xi ng device such as inpingenment device

10 shown in Figure 1. [0025]The |iquid diluent

enpl oyed in the practice of %he present invention is

one which is inert to the am nes and/or isocyanates

DETAYLED BHRERIPTION bf HHIE IROFRRAQHN of _any end

product to be tornmed fromtne poryurea. Thus, in

L pst ances wher e ol yurea product.is to be used as
(003 BRGSSpHARERE o e BRIHHPR DRy Fied And ey it i reacted
to fOR Ppoyireh Bohfiduis. i s a preferred dil uent

Additi'onal ly, it is preferred that the am ne or

pol yi socyanate be readily soluble in the diluent. In
[0022ineThk amines $n¢ludé aliphatid, alidiysHe) Monidi Affines and Mixtures

ba oil and fJoref erably napht henic, paraffinic, PAQ,
therpg] ples of such inpanq amings ipshdepeniviaming, bexylamine,

Lot . f ol ' -
hepAEMAR doiofting dddiSlimit: frSi0Gb < ORMAS nealaming, goitine,
diamnésy/amd thd liké. are conpatible with either of the two

conmponents can be used as a diluent. [0026] The anobunt

of diluent used is not absolutely critical and w |
[002Hp efuitablediseeyanatss argselectadofinm the grouphbonstsyingfoft he
- ql-eact an e.g.. the amine j.n the diluept. Indeed,.in
polfifBile, motoisetvimsfl A diBogyandte, 4 poy §PEDIRFST hereof
PrefRfably, 4 Ailkbeyalidte & sed \Tairtherhitfe dibeUsHtydnatd'@mponent may be

. Subjected tojust am ne alone but can be "‘cormbi ned"w th

aliphatic py srgmate end prefecably is sélecteddnomdin arematicdiismyanate or

.. di ssol.ve (dj.sperse) the i ne,. and preferably, the
eSS BF ¥5maliF BB St Ealine EPEapen olieaphaes i phenylene
diis68)dHate) rton@vlb@is@by@ﬁaté,%eﬁ@%@&mbh¥1&% difdby#att BRd the
., isocyanate or poly isocyanate -diluen
like. Typically, the amines and isocyanates are reacted in mole ratios of about 1:1

to about 2:1 and greater.

[0024] In the invention an amine and isocyanate is reacted in the presence of a
liquid diluent in a high-pressure impingement mixing device such as impingement -

device 10 shown in Figure 1.

[0025] The liquid diluent employed in the practice of the present invention is one
which is inert to the amines and/or isocyanates and is compatible with the
components of any end product to be formed from the polyurea. Thus, in instances
where the polyurea product is to be used as a grease thickener, a lubricating base oil
suitable to grease formulations is a preferred diluent. Additionally, it is preferred
that the amine or pblyisocyanate be readily soluble in the diluent. In general, it is
preferred to dissolve the amine in a base o0il and preferably naphthenic, paraffinic,

PAO, PAG and ester fluids can be used singularly or in combination as a diluent for



conbi nation. In the case where a naphthenic oil is
used as diluent for the am ne, the weight ratio of oi
wo eooaosT3ed Wi | | be about 1:1 to about 1:3. [002F¢T/US2007/001814
Experi ence has shown that in the absence of dil uent,
the i npi ngenent devi ce plugs al nost i medi ately, and
the polyurea fornmed typically has a significant anount
of unreacted isocyanate groups, a result which is not
desirable. [0028] Referring ¢o the Figure 1,
i socyanate contained in vessel 11 is fed via line 12
to inpingenent device 10, while primary am ne and

T . L et via i
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thatpre cotgatibly withgeittatriofght wofdomypmfentseeat batised apmdiluent.
their respective vessels through orifices in the
inpingenent device 10 (m x chanber) where the

[002drpThe nmouat efidikvient usedisnat ehseludely [wiBw] angdavill depend to a

certiRERHER Togt e nbiey SRLPCEPRncarE- e At te dituent
IndR, Y ﬂf%&@ﬁmménﬁaﬂ,! 0es pRdeiged b AissOR) Bk amipRVilehe diluent.
and in ich diluent 1s dispersed. The fluid

Againritheslihienhisofotsubjeied to fust omiperalariedhuitccan brecombined with the
. 0.5 1tp 4:1 by.weight. of diluent £o €0 nent . .
isocgaBatin Ruienst SRR SEnLE Rt oA TEREG s I appipe, and
prefefiblpafhel dthSurst FRdifRIR WAIINGE sWificidltes Providea Ss10H6H Myving
w | 1" conprise particles between 700 to 10 microns wth
about etz densitycashibiah gf Henisaryansie or pohasqcyasats +iddlwent
that .i npact the size of t arti.cl es produced. i.ncl ude .
contfatiae Fomegtive vaerg R e oty FOFtd hnine,
the §hlio it athfife witll Beboat 11 NG dlial:3 conponent
tenperature and reactant residence tinme. [0032] The

flow rates of the reactants are typically in the nole
[0027}.i Bxparigecediescslidvenl tidrduehe absence of diluent, the impingement

device plugs almost immediately, and the polyurea formed typically has a

significant amount of unreacted isocyanate groups, a result which is not desirable.

[0028] Referring to the Figure 1, isocyanate contained in vessel 11 is fed via line
12 to impingement device 10, while primary amine and diluent contained in vessel

14 is fed via line 15 to impingement device 10.

[0029] Means (not shown) are provided for regulating the flow of reactants from
their respective vessels through orifices in the impingement device 10 (mix

chamber) where the components are impinged and reacted.

[0030] The reactants are fed to impingement device 10 (mix chamber) under
conditions sufficient to produce a polyurea compound having the consistency of a
powder and in which diluent is dispersed. The fluid composition of the solution or
emulsion can be from 0.5:1 to 4:1 by weight of diluent to component. As presented

in Lazer Light Scattering analysis performed for particle size determination, the



[0033] The reactor orifice size for the am ne and
di luent and isocyanates typically will be different

wo e@mosisat for the diisocyanate and general |y ®T/US1967/001814
chosen for facilitating the nmetering of the reactants
in the appropriate nole ratio. Typically, the reactor
orifice dianeter will range from about 0.030 to about
0. 150 i nches; however, the reactor orifice dianeter
for the am ne/diluent feed ggnerally will be [arger
than that for the isocyapte.” [0034] The pressure at
which the reactants are fed into the inpingenent

POl BRIl gWinbisC BRI LI ATID & G K o

stantdhel/siae beigd20@ynicesnge from about 00C to about 1000C
and preferably 24C to 55C. The reactant residence tine
is a function of reactant feed rate and reactor
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falls through a contai nment zone 16 as shown in the

Figure 1. The contai nnent zone 16 may be and
[0032] ef Ehalflow ratee gfi tlppedctantharertypidallytiatthe nmisleiratio tange
The finely divided powdered pol yurea then may be
des‘ifﬂ?qd&b(%@'on a conveyer belt system 18 for delivery to
hopper 19 fromwhich it can be automatically fed to

001, B G o o BRGB BT, B s wpeaty
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Jonitoring and control nmeans 2 1. Such nonitoring .
facilipling thapastgenggf the reantanis dy thgappropriaiemoale Fatio. Typically,
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howpeet, ithe esactdl efificediameteh forniigi dninieti e fseBEénerally will be
operably connected to a conputerized control
larger than that for the isocyante.

[0034] The pressure at which the reactants are fed into the impingement device
typically will be above 500 psig and preferably 1000 psig to 1800 psig, while the
temperature at which they are fed may range from about 0°C to about 100°C and
preferably 24°C to 55°C. The reactant residence time is a function of reactant feed
rate and reactor volume, i.e., specified design of the mix chamber, the adjustment

of which is well within the skill of a routiner in the art.

[0035] In one embodiment the fine powdered polyurea formed in impingement
device 10 falls through a containment zone 16 as shown in the Figure 1. The
containment zone 16 may be and preferably is equipped with an antistatic device
17. The finely divided powdered polyurea then may be collected on a conveyer belt
system 18 for delivery to hopper 19 from which it can be automatically fed to

packaging material 20, such as, bags, boxes or the like.



device that functions to adjust processing conditions
as necessary to produce particles of the requisite

wa2we/08730037] The finely divided particul ate ppCHUSEA7/001814
powder, conprising from5 to 15% of the total weight
of base grease, is particularly suitable for formng
greases and is mxed wth a base lubricating oil,
conprising from85 to 95% of wei ght of base grease.
The base lubricating fluid agd pol yurea powder are
together placed in a conventional grease kettle or
grease contactor at anbient tenperature where it is
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oil and form ng the mxture into a
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air purge gun inpi ngenent devi ce sold by Contrast
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of thmmtahwstght of bpsg gmaaemmaguwierlyfsuaabler’@ctfangmggre@ses and is

i Y0 BB RR R S, g i ISRy it S vase
greaz;@ncttrfetmeqabﬂm Augd 8nd b@glifrba paWReLard tbg‘éﬁ{éi"r;m\é&i ina

whet her the prod contai ned free isocyanate.
convamtipngl [gpease kettle or grease contactor at ambient temperature where itis

dispersed, sheared (milled), mixed and heated to a top temperature in the range of
about 150°C to 175°C, cooled to a specified temperature then milled

(homogenized) to form a finished homogenous grease.

[0038] Optionally, typical grease additives such as extreme pressure additives,
rust inhibitors, antiwear compounds and the like may be added to the mixture

before milling.

[0039] In yet another embodiment of the invention, the finely powdered polyurea,
-rather than packaged, is fed directly to a grease kettle for mixing with a base oil and

forming the mixture into a grease.

EXAMPLES

[0040] In the following Examples an air purge gun impingement device sold by
Contrast Equipment Co., Kansas City, MO, was used. The mixing chambers used
were obtained from Glas-Craft Inc., Indianapolis, IN, and had either flat,

rectangular or round dispensing patterns. Fourier Transform Infrared Spectrometer



eval uating a product in process by nonitoring the
spectral peaks. The standard ni nhydrine test was used
wo o00desBedri ne i f a product contai ned unreact edPEMUR®N7/001814
Conparative Exanple 1: [0041] In this conparative
exanpl e the reaction chanber had a flat m xing
chanber. The am ne used was cycl ohexyl am ne, and the
di i socyanate used was net hyl ene di phenyl ene
dii socyanate. The orifice diquoeter for the reactants
were 0.071 inches and 0.042 inches respectively. The
reactants were at anbient tenperature (21 0C), and

(“FEBH amadydiedf tige tdnetionaecds md@i&&r&@n appr&jﬁihtepr@duct samples to
Wthin 5 seconds the chanber clog nliar ative

detqring mhether thg srpdustcastaiped dres 15003(%\'?}% he Fd TRcallpwe

evalielfiguSioaBEEth BXRER b OB D IReBEL ot TG standard
nind¥drife RBOWas Bs6@ €6 deterinite Bhaphruchesntaed @uested amine.
anple 1: [0043] In this exanple a (round m x

chanber) was enpl oyed. The orifice dianeter for the
Companativé dbchmyple 10. 109 i nches, while the orifice

di aneter for the diisocyanate was 0.052 inches. The
[004¥[C| BRENMY boriPabftiVeexathpRathe @6adtibrAchaaber e & it mixing

having a kinématic viscosity @400C of 143.21 cSt. The
chaméqegh’?hq amine gsehmas tc(yclgheﬁyl mgnq apdzthe gmspcyzm;ate used was

mefflehe duheniEhe RPatvila. g AR RingBiEn S Bg Thatans were

0.07 ERfthe9 Bné D2ODL inches ¥HecHTEN. Tﬁla&eaaautst Wote & fAfbeht
had the consistency of ‘a finely divided pol yurea

temp@M@le (A °Ghvi artd eagh was fedhto thielreaetioni chpmberat 7¢0rpsig. Within 5
secdil cflam%er c?oggedS how a

Comparative Example 2:

[0042] The procedure of Comparative Example 1 was followed except a round
mix chamber was used, and the pressure for each component was 1,000 psig. After

about 3 seconds the chamber became clogged.

Example 1:

[0043] In this example a (round mix chamber) was employed. The orifice
diameter for the amine feed was 0.109 inches, while the orifice diameter for the

diisocyanate was 0.052 inches. The cyclohexyl amine was dissolved in a

naphthenic oil having a kinematic viscosity @ 400C of 143.21 cSt. The weight
ratio of oil to amine was 1:1.2. Both the amine/oil feed and the diisocyanate feed
were at 21°C. Then each were fed to the impingement device reaction chamber at
1000 psig. The resultant product had the consistency of a finely divided polyurea
powder in which the diluent oil was dispersed. FTIR analysis failed to show a
diisocyanate peak, and a ninhydrine test failed to show free amine establishing

complete reaction. A sample of the product was mixed with an equal amount by



di i socyanate peak, and a ninhydrine test failed to
show free am ne establishing conplete reaction. A
wa 2mplog73ef t he product was m xed with an equal PEIDSII7/001814
bywei ght of an oil typically used in fornulating
greases. The oil was readily incorporated in the
product pol yurea w thout any signs of separation.
Exanple 2: [0044] In this exanple a round m x chanber
was used. The am ne used wag, tallow am ne which was
di ssolved in the naphthenic oil at a 2:1 oil to am ne
wei ght ratio. The diisocyanate was at 21C while the

o ._ : £ o
weiLp i b el es i el I Spr Ll
incoporstedtin el produnogel yurea veitted moy . sigis 6 sapakatons
showed a dil socyanate peak at 2270 cm of about 27%
transmttance. As with the product of Exanple 1, this
Exampledict bl ended very easily with a grease lubricating
oil wthout any sign of oil separation. [0045] Another
[0043] t ¢ARkisWXanléa roandaniy ceimber wanpset. he amiet wxed was

powder by using the same round 'x,chqrrber the oil.to .
tallowngmine which was dissaheedin;the paphthegigiod 9L a6 @1 hioaipsweight
. 1 . .X. G r s . ' o

il 3k OB 3 CEVPIAE MEyl08 888 s o s2°C

BothPRels waie féd fo teydattoe at 4800 3igd. &khd ressham polyareanproduct had
establishing conplete reaction. A sanple of the

a powderiuconsigteney EHIRvanklyais showedd adisonyabatopeahat 2%70ah cm of
about 224 FpnFmAnses dscuttinile REOGHS A ERaBoNg I 415 pRbeh Blinded
veryraéeﬁéialj gfig}ga %?ea&%ﬂﬁﬁﬁbhﬂﬁ‘% ohqgﬂﬁl)u ljuég?ﬁ I3l s Asdn,

ror art 1s That the st ure of the
particles are conparatively different. The prior art

(0045 < LIAGhAT shEmpt PRDRE B TRORASKEE GV SR owder by

using ?hd Shme round mix chamber, the oil to amine ratio was changed to 1:1.5 and

the feed pressure to the mix chamber was changed to 1000 psi. As aresult, FTIR
analysis failed to show a diisocyanate peak, and a ninhydrine test failed to show
free amine establishing complete reaction. A sample of the product was mixed
with an equal amount by weight of an oil typically used in formulating greases.
The oil was readily incorporated in the product polyurea without any signs of

separation.

[0046] An important aspect regarding prior art is that the structure of the
particles are comparatively different. The prior art formulation and manufacturing
of the polyurea powder results in the structure of polyurea particles being solid,
compact and vary in size. U.S. Patent No. 5,314,982 and U.S. Patent Application
No. 2006/0052261 are examples of the prior art. In comparison, polyurea particles
made by impingement processing also vary in size but, the structure of the particle
itself is different. The polyurea particles manufactured, by virtue of the processing

described in this patent, are porous and sponge like (foamy cells) in their



conpact and vary in size. U S. Patent No. 5,3 14,982
and U. S. Patent Application No. 2006/ 0052261 are
we@mosse4 of the prior art. In conparison, polRCr/E82007/001814

particles made by i npi ngenent processing also vary in

size but, the structure of the particle itself is

different. The pol yurea particles manufactured, by

virtue of the processing described in this patent, are

porous and sponge |ike (faany. cells) in

t heirconstruction. The lubricating fluid used in the

dilution of the am ne, as explained in the exanples
consRhEEER! Tthe 1LBrieAGHP AUl BLSSH BT theadiRforPeLthRYarhime, as explamed

Interstices of the particle as shown in Figure 2.

in the kxampdes presentgd; mnngmmlntedmrcr@émq«vgupy e mt¢r§tlﬁ§s of the

partile e o Flaie 3 A b e d F R 8Lt there is
no off 840‘6?’151% ﬁgﬁftndnsoﬂ lﬁ%%o‘l’?ﬁt%ﬁ ﬁd%@dkr%&ﬂ&flp d@hh% or after the

ror art pol'yurea. "The pol yurea preferably
powdila&sanﬂaaensny less than 6.5 I bs/gal, nore preferably
| ess than 6 | bs/gal and nost preferably has a density

of less than 5.75 I bs/gal. In addition, the new
| yure I .
[0049? t” pol 3‘51? ?J%wﬁgr% 9@5& ed%gglé gﬂh?‘egé‘ﬁ%??“ﬁ ggﬁgable prior

art p@t}ﬁﬁ‘b:ﬁ i G“h&qic‘lﬁmea@reﬁtmiﬂyrlms? dlénsnty?l@ssrﬂia? & frdbs/gak anore

r t 26 n
R T At A 57
lbs/%sai ], e a?’gtﬁgw&p%r@ﬁb%& hi¢a 'l&‘g%g Eﬁﬁfﬁcé’ﬁreathan prior art

I’nged” pol yurea powder over
polytmeni. hPreferabtys, thépobhsea patiden hasraapeélrt‘mwfv@ewea bf more than

fe stud fol|
20 np'égim?aé‘qr%ﬂ?&?ﬁ?ﬁaoa%g&“t&)&&r G sleratiy e eyl Fa

preféll% alg)g e, there was sign of excessive
ng and no | nd ‘ation visibly or microscopically of

oil leaching fromthe stored powder.
[0048] A shelf life study was conducted to monitor the integrity of a typical
batch of impinged polyurea powder over a 12 month period. The observations
made from the shelf life study are as follows: in general, the polyurea powder still
maintained its original integrity after 12 months of storage, there was sign of
excessive caking and no indication visibly or microscopically of oil leaching from

the stored powder.

[0049] Regarding grease processing with the impinged preformed polyurea
powder, the visibly large particles are easily broken apart, or fragmented, by the
shearing devises, mills and homogenizers, used in grease processing. Thus, over
time during the base grease processing prior to top temperature, the mass becomes
thicker and more grease like as time and temperature increase over the course of the

proscribed manufacturing process.



[ 0049] Regardi ng grease processing with the inpinged
pref ormed pol yurea powder, the visibly large particles
wa@e®7esmsed y broken apart, or fragnented, by theCT/US2007/001814
shearing devises, mlls and honogenizers, used in
grease processing. Thus, over tine during the base
grease processing prior to top tenperature, the nass
becones thicker and nore grease like as tine and
tenperature increase over _tihe course of the proscribed
manuf act uri ng process. [ 005 G ease nmade with pol yurea
usi ng the new net hod has inproved properties. Table 2
0 e digkf il thowhaoinproved
[005§;f eg’é‘gé& gﬁ}% lv@"tliﬁ P?Rg%g)rsgelglg gﬁﬁglfgg J\?\aﬁt h conve n%uir onal
prop&@iey UredlaadhbingHthe diffesmit pesperSaspl tha@we palyjirea gecases.

SR TR
Samﬁ%}% Sgﬁi%%g;ﬁe%ﬁ&e GRAKndW ?6?_’%18%? 9 daRHh He$hffethod. As shown in

on pressure exhibits poor

TableeNShiriile 20 niidepeithitks oldpript artBnsthodefihipheverbk temperature
properties using the new method aof_ producin rease, .

and highechomopepjzationayesiure (Heg FX&?&EER@BQE B%%}i?%@.“ Rropgrties.

fhod tar ' i QHAREBh &Y of BAsd ease.

samffi 3ol nRrR2 phdhaaky HERG BETRAL ROy of BREMANE &r

di luent in a high-pressure inpingenent m xing device
under conditions suffjcient to produce a pol yurea
cokpdild %A’vpnfgrtteﬁefébﬂpk?wﬁ% I§85% powder and in

2 Ahe metfjod of @ arm

P B |
aritu

l,]; FH H-ert Htent—-s—stnuttarfeousty i xed
Wi he am nnc&n_d__j_gg_a yhate A r\rci = Foeret
SHOHPressytmst ant | al |y simi @:P0RRRSIE | ds  4509,psie
process of Claim2 whereiln the liquid Qiluent is inerlt
t|Cddieterip, s and i socyanate. 400 320
Thickener content, % 12% 12%
smooth dark smooth light
Appearance brown brown
Penetration -
Unworked 300 294
Worked (60x) 324 292
Extended (10K) 400 100k = 353
Points change (60X to ext) 76 65

Dropping Point, °C 254 269




4. The process of Caim3 wherein the diluent is
chosen fromthe group consisting of naphthenic,
w@anoahgised c, PAO ester, PAG carbon base sol veer/sSandoo1si4
any conbi nation thereof. 5. The process of Claimi4
wherein the ratio of diluent to amne is in the range
of about 1:1 to about 3:1. 6. The process of Caimb5
wherein the am nes and i socyanates are fed to the
i npi ngenent device in a nol g.ratio of about 1:1 to
about 2:1 , at a tenperature”in the range of about 00C
to about 1000C and a pressure above about 500 psig
CL gh reactor orifices having an orifice of from
out 0.030 to about 0.109. 7. The process of Claimé6

S P S PR AT
1sod%ﬁ§l%§f§n e ﬁe@bﬁég of AH ‘i’(‘l Bﬂu&ﬁﬂﬁeasﬁngﬁeog&%%remﬁgement

operably cohnected to t e nonitoring
mixag device gnﬂencem'htwgs sufﬁhlenM@mﬁene ae;mégmaa)compound having

mai ntai n sybstanti al | reactj on. A pol yurea
the PW?S&?J&H%O@ é’&’%‘s cﬁ%‘? R‘g"&‘z{i 1s0 15138??8‘1& pol yur ea
t hi ckener prepared by the process of Claimé6. 10. A

s %‘Og‘gfﬁ‘}geﬁ%@mﬁ&q wh%gélﬁttﬁe E’gW&‘ affleqtisy 0}%’;,1 OIteu‘?é‘ously

zed 1n

mlxgd msletl’nmmml aznmgoc;z:mﬁtés whereih kechrebhpdnefPLhibits g
ding a solution of an amine or isocyanate and a

S“"?‘%‘i‘?'&éﬁ‘i“?ﬁé"‘”ﬂ#‘msﬂfms@r solvent into an inpingenent
reactor (mx charrber) whil e feeding a i socyanine into

he r tor the. nmol.e rat. o, of.amne.to ,
oty ARG RROpest Claim £ SRR e iafi€ R e to the amines
and\mﬁfyaﬁxtea pol yurea particulate conposition having a
powdery consi stency is produced that can be

honogeni zed into a grease under
4. The process of Claim 3 wherein the diluent is chosen from the group

consisting of naphthenic, paraffinic, PAQ, ester, PAG, carbon base solvents and

any combination thereof.

5. The process of Claim 4 wherein the ratio of diluent to amine is in the

range of about 1:1 to about 3:1.

6. The process of Claim 5 wherein the amines and isocyanates are fed to
the impingement device in a mole ratio of about 1:1 to about 2:1, at a temperature
in the range of about 0°C to about 100°C and a pressure above about 500 psig

through reactor orifices having an orifice of from about 0.030 to about 0.109.

7. The process of Claim 6 wherein the particles are passed through a

containment zone equipped with FTIR monitoring means.

8. The process of Claim 7 including process control means operably
connected to the monitoring means for adjusting processing conditions when

necessary to maintain substantially complete reaction.



grease formng conditions at standard honobgeni zi ng
conditions. 11. The nethod of Claim 10 wherein the
waowdoglog73eat i o of | ubricating medi um or sol vent P€DUS2007/001814

conponent (reactants) is in the range of about 1:.5 to
about 1:3. 12. The nethod of Caim 11 wherein the
feedi ng of individual conponent or conponent sol utions
is conducted at pressures of from about 1000 psi to
about 1800 psi. 13. The nmethqd of claim12 wherein the
feeding is conducted at tenperatures in the range of
from about 24C to about 55C. 14. A nethod for form ng
a grease conprising: mxing a base lubricating oil and

| .
12 G i BB REERAE R e S, ERLBERMAES bR % podurea

thicRehstusrepated By thRymecessbCldini be range of about 1500C
to about 175C;, and thereafter mlling the heated

m xture to forma honogeni zed grease. 15. The net hod of
cl didm A wiethed fortthekingor particudate polyutiea somprositian thed can be

hompieriearLiie 8 r4ast ok 1 eacoss rTQe T dne Pondieis the method
con'g;rﬁiﬁé SeddiRf a foﬁaticﬂ?‘()ﬁﬁﬁ amife oﬁi%ﬁﬂét%aan‘aaé Idﬁfg&tiﬁ'gtxhedium

specific surface area of nore than 20 nR/g
.or spbleptinte anaimpiogemehtteacsorafmixecdmimbr) wddle fte@dinga isweyanine
. . and less than 70Q microns, a.depsity, of less,than 6.5
into} ¢ £ ATton B TE L S PTG § LB (LisGPV A6 14 Wadhe zange of
abo%i % tgrz%r?su‘f‘gﬁld)k&%ﬂé‘:gtg%{ ﬁ?ﬁ“&%ﬂgﬁ pafula® Fmp&EGabn REVIESS
powdery consistency is produced that can be homogenized into a grease under

grease forming conditions at standard homogenizing conditions.

11. The method of Claim 10 wherein the weight ratio of lubricating
medium or solvent to component (reactants) is in the range of about 1:.5 to about
1:3.

12. The method of Claim 11 wherein the feeding of individual component
or component solutions is conducted at pressures of from about 1000 psi to about
1800 psi.

13. The method of claim 12 wherein the feeding is conducted at

temperatures in the range of from about 24°C to about 55°C.

14. A method for forming a grease comprising;:

mixing a base lubricating oil and a polyurea prepared by the methods of
Claims 10, 11, 12 and 13;

heating the mixture of base oil and polyurea to a temperature in the range of
about 150°C to about 175°C; and

thereafter milling the heated mixture to form a homogenized grease.



m crons, a density of less than 5.75 I bs/gal, and a
specific surface area of nore than 32 n2/g. 2 1. A
wW@eloy08Ba4 gr ease conpri sing a pol yurea parti cl BCT/bi81007/801814
at | east between 10 m crons and | ess than 700 m crons,
a density of less than 6.5 | bs/gal, and a specific
surface area of nore than 20 n2/g, the pol yurea
particle blended with a lubricating oil. 22. A
pol yurea grease conprising_gspol yurea particle that is
at | east between 10 m crons and | ess than 700 m crons,
a density of less than 6.5 I bs/gal, and a specific
surface area of nore than 20 nR/g, the pol yurea
particle blended with a lubricating oil
15. The method of claim 1 wherein the isocyanate is a diisocyanate.

16. The method of claim 10 wherein the isocyanate is a diisocyanate.
17. A polyurea particle with a density of less than 6.5 lbs/gal.
18. A polyurea particle with a specific surface area of more than 20 m%/g.

19. A polyurea particle that is at least between 10 microns and less than 700
microns, a density of less than 6.5 1bs/gal, and a specific surface area of

more than 20 m?/g.

20. A polyurea particle that is at least between 10 microns and less than 700
microns, a density of less than 5.75 lbs/gal, and a specific surface area of

more than 32 m%/g.

21. A polyurea grease comprising a polyurea particle that is at least between 10
microns and less than 700 microns, a density of less than 6.5 lbs/gal, and a
specific surface area of more than 20 m*/g, the polyurea particle blended

with a lubricating oil.

22. A polyurea grease comprising a polyurea particle that is at least between 10
microns and less than 700 microns, a density of less than 6.5 1bs/gal, and a
specific surface area of more than 20 m%/g, the polyurea particle blended

with a lubricating oil.



