- 1 - PROCESS FOR PREPARI NG FI NE POADER POLYUREA AND GREASES THEREFROM FI ELD .
OF THE | NVENTI ON [0001] The present invention relates to the nmanufacture of,
pol yurea powder and the manufacture of greases therefrom BACKGROUND OF THE
| NVENTI ON [ 0002] Industrial |ubricating greases are honogeneous products of
sem - | i qui VQ@3BBB consi stency. Essentially, they conZimgusof/eaistd spersi on
of a thickener in a liquid lubricant or base oil. In general, the thickener
is a significant determ nant of the properties of the greases. [0003]

Pol yurea conpounds are anong the thickeners used in making greases. Oten

t he pol yurea conpounds are prepared directly in the base oil by the reaction
of am nes with isocyanates. [0004] Oneinethod to test the performance of
greases i s cone penetration and prol onged working of lubricating greases

t hrough ASTM D217. A cone of specified weight is allowed to fall into a

| ubricating grease sanpl e BROZIKSS FOR PREPARING E&NEone, in tenths of a
mllinmeter, identifREWDIR ROIISUREAANDIGREA SESTHERPNROM he use of Tabl e
1, the NLA grade of the grease is identified fromthe 60 stroke worked
penetration. WD 20071087324PCT/1JS20071001814 - 2 - Table 1: NLG
Classification Scale NLG G ade

FIELD OF THE INVENTION

[0001] The present invention relates to the manufacture of polyurea powder and

the manufacture of greases therefrom.

BACKGROUND OF THE INVENTION

[0002] Industrial lubricating greases are homogeneous products of semi-liquid to
solid consistency. Essentially, they consist of a dispersion 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 fo test the performance of greases is cone penetration and
prolonged working of lubricating greases through ASTM D217. A cone of _
specified weight is:allmwed 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.



ASTM Wor ked Penetration 000 445-475 00 400-430 0 355-385 1 310-340 2 265-295
3 220-250 4
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Table 1: NLGY Classification Scale

NLGI Grade | ASTM Worked Penetration
000 445-475

00 400-430

0 355-385

1 310-340

2 265-295

3 220-250

4 175-205

5 130-160

6 85-115

[0005] This test can be used to determine the mechanical stability of a grease
through prolonged working, 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 th}ckener 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 ow.lren—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



175-205 5 130-160 6 85-115 [ 0005] This test can be used to determ ne the
mechani cal stability of a grease through prol onged working, such as 10, 000.
or nore doubl e strokes using the notorized grease worker. Wile cone
penetrations are typically conducted at 25C, neasurenents can be carried out
at ot her twopesaBuees. About 300 gans of grease are requarust/eigenduct the
ASTM D217 test. ASTM net hod D1403, DIN 51 804, and |F 310 descri be cone
penetration equi prent commonly referred to as 1/2 and 1/4 scal e devices for
use when | ess than 300 grans of grease are available. [0006] Dropping point
of lubricating greases is used to determ ne high tenperature structural
grease properties related to the thickener. I n ASTM D2265, the droppi ng
point of a lubricating grease is the tenperature at which the thickener can
no | onger hold the base oil. Some of the reasons oil can no | onger be held
are that thivkeniéd gieamﬁrddmstmietaedi—oppmgmim whilasndreenivahicledrs suclt as s not
hel d by the t hi ck ner e ls aced in a small cup and heated in an
oven- | i keEI#EOF g@p V\ﬁé‘!‘fiyarl‘ﬁ?‘élﬁe Bfiﬂg‘mmg&m@ fromthe | ower opening, the
droppi ng point of the grease is calculated using the tenperatures in the

oven and j.aside

denonst rallO Qﬁ‘é]dd%ge? f}*gh?ent%oﬁ%\%g 2] tzl%élnféﬁﬁsacr%?%ﬁtw&%%?r% gﬁgaugrﬁ]gegéﬁﬁ ay or
graphi t e grayses by firey@aRingdraffyipolyyrea ﬁbmpbﬁ@@ﬁhdmucsmﬁaahsm 5, 314, 982
there is disclosed a process_for making pol yurea %]reases by first making a

dry pol ywt HeW%S@EFPQ‘Hé‘?fSPHé’“&ﬂ%ﬂﬁﬂm@e PHICEOR FANZS- powder s
havi ng p ég&&f?e?é a§t9% cﬁ@de‘}%ﬂflrﬂgﬁ gliﬂ&ﬂgd cHRRS éﬁ&f&ﬁé Masif of the
R an

powder and base 0| cool e onogeni ze pressure
honogeni zahlghtprpssaﬁhmmegmﬁzem@pmssﬂﬁgOf Bao to [160@8]1r In U S. Patent
6, 498, 130 B2 a grease having | ow noi se characteristics is made by shearing a

base oil and thjckener to t hi ck ne_r articl es bel ow abqut 500

ni crons .IHOEWZJH Hin St Rptent ﬁgﬁagg%@&éﬁ? aYing Aoy dokza engticiddut 2000

psi . [Ooqglid@ﬁ%?hé g ofEdi R n&%‘?’@aﬁﬁsﬂﬂg%kﬁ& ﬁ%&ﬁ@l@é béibw of using
S at

pol yur ea of particle size. They also I Strate t the conditions
under whiabout e putyons éasiparinithisesstanee ompgerdatiompiaechievbd eqalentt pr ocessi ng
conditi O%O%Uﬁ:sri] as the honogeni zation step in grease form ng.

[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.



[ 0010] User dermand for pol yurea greases has been increasing steadily;
hewever, manufacturing such greases has been nore difficult and expensive
when conpared to the manufacture of other greases. [0011] One of the

di fficul tigg hdhogBRpfacturing pol yurea greases is conspgr@@idyoeldPluai ni ng on
an industrial scale substantially uniformy fine polyurea powder that is
readily dispersible in a lubricating base oil. [0012] Accordingly, one

obj ect of the present invention is to provide a process for naking fine

pol yurea powder w thout the need for shearing or pulverizing |arge pol yurea
particles. WD 20071087324PCTASS2007/001814 - 4 - [0013] Anot her object of
the invention is to provide a process for making fine powdered pol yurea
conmpounds whi ch can be practiced on an industrial scale and that can be

honogeni nder sta . nizi g it oy Yet
anot her S8 “BpoREORRb AR T REb YRR £ BRR sl B dnaidBSE<) o

pr epar i ngoRdeitd Biyaica 2sfHhouhids whidtaédnybed prdfitdlon bR indikidlnezRad)
associated in manu?acturl ng with neat am nes or isocyanates. [0015] These

and ot hethasispebe hosfogeRizer wpdar stardaxs lerease homoespizengpprdiiansf r om t he
foll ow ng description. SUMVARY OF THE | NVENTI ON [ 0016] Broadly stated,

I b ti i diso t inth
br eeencolGR ) Pekarg Ui PRERT of el g eiveics 4p  HGEHAR PRIBREAG” devi co
under copgigatinBpobsirba gieabés thas @f@@zqewahg WSASIE AIRAHIRY BsdiR &l he
consi stency of "a powder and in which diluent is dispersed. [0017] An

enbodi memanyfacturing withieabamieser iisaeyapaissi ng t he powder forned through a
cont ai nment zone having nmeans for nonitoring and controlling the process.

03] S A Rt s B

the following description.

SUMMARY OF THE INVENTION

[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 e

impingement processing washed free of lubricating medium.



[0019] Figure 1 is a diagramof the machi ne device used to nmake pol yurea.
[0020] r Figure 2 is a mcrophotograph of a polyurea particle nmade by-

i npi ngenent processi ng washed free of lubricating medium - 5 - DETAILED
DESCRI PTI ON OF THE | NVENTI ON [ 0021] In the practice of the invention primary-
am nes andwip0eywanai es are reacted to form pol yurea corpDusmgzofifi922] The
am nes include aliphatic, alicyclic, aromatic am nes and m xtures thereof.
Exanpl es of such nono am nes include pentyl anm ne, hexyl am ne, heptyl am ne,
octyl am ne, dodecyl am ne, cycl ohexyl am ne, benzyl am ne, aniline, diames and
the Iike. [00231 Suitable isocyanates are selected fromthe group consisting
of . polyisocyanate, npnoisocyanate, ang_diisocyanate, and any conbination
thereof. Preferably, a diisocyanate is used. Furthernore, the isocyanate
conponent may be aliphatic or aromatic and preferably is selected from an

aromat i ¢ SiETYOE D HESCRIFTIN OFSTHE RIVHRITONIi | socyanat es. Exanpl es of

such diisocyanates are phenylene dil socyanat e, toluene diisocyanate,

net hyl eneqhphe &Fﬁ: drkiSes APt bt andiogs and
i socyanat re@r{?gég gg*'ﬁrﬁ%@@@%ﬁ?@% bout e%L [¥L S%%g%ou? Eg%f and
greater. {cﬁﬁiﬂa]pdlmﬁeheokipﬂanﬂs.on an anine and isocyanate is reacted in the
presence of a liquid diluent in,a high-pressure inpingenent m xi ng device

such as inpingemrent - device 10 shown in Figure 1. [0025] The Iiquid diluent
enpl oyed [4022he Theamingeinsfudearnlinbptic abicyehin @nemetic privgsanthineruies inert to

t he am ne nents of an
end pr oduﬁ} ﬁ%}ﬂl gh@f&%g@ﬁé:g%@ ﬁgn{ﬁ(ﬁ) Sylglgg%te p% hﬁd%ﬁ& h@;g)(lg.n?f(f:ﬁgeg where the Y

pol yur ea hémdlagiine sodtglabenssivdeadamigy epclohéhylaibe benzylhmbie, eailineg base oi |
suitable to grease foryulations is a preferred diluent. Additionally, it is.
pr ef erredd laﬂﬁlcstaﬁgﬂé‘?r{g‘g or polyisocyanate be readily soluble in the j

diluent. In general, it is preferred to dissolve the amne in a base oil and
pref erabl ht can be used
si ngul arl (ﬁ%?l nﬁ1 St(%n%‘l na |ag’%{eg§{. ecseéé:‘ q?éa frﬁéfqh%ré%%ﬂﬁﬁsﬁddﬂ&s

2007/ 087 3gdIRsbe b€ MhOfdiBdedyanat6, anddiisoeyacnamdeaty dcombivatioratieyestt

ol ther " of PIE bl A BSOS S o RRIELS L dOtgapfie component may be
aliphatic or aromatic and preferably is selected from an aromatic diisocyanate or
mixtures of aromatic diisocyanates. Examples of such diisocyanates are phenylene
diisocyanate, toluene diisocyanate, methylene diphenylene diisocyanate and the
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 - j

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
suit'able to grease formulations is a preferred diluent. Additionally, it is preferred
that the amine or polyisocyanate be readily soluble in the diluent. In general, it is
preferred to dissolve the amine in a base oil and preferably naphthenic, paraffinic,

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



100261 The anount of diluent used is not absolutely critical and will depend
to-a certain extent upon the solubility of the reactant, e.g., the amne in
the diluent. Indeed, in the present invention, it is preferred to dissolve
the am ne | iluent. Again, the diluent is not subj e? 0 just am ne
al one but @nfoﬁ‘zosgfgﬁbi ned with the isocyanate. At | easttycgrzlﬁﬁ‘z 03%0 4di | uent
is used to dissolve (disperse) the am ne, and preferably, the anmount of

diluent will be sufficient to provide a solution having about the sane
density as that of the isocyanate or polyisocyanate - diluent conbi nation.
In the case where a naphthenic oil is used as diluent for the am ne, the

weight ratio of oil to amine will be abPout 1:1 to about 1:3. 10027)

Experi ence has shown that in the absence of diluent, the inpingenent device
plugs al nogt i mmediately, ,and the polyurea forped typically has a

signi fi ca‘i’f?heéﬁﬁﬂm‘mﬁt ‘Bﬁ‘rvé‘it"’?]é’oori sé’g'é'%?%ﬁ"élygr%[?és?n%&“g%IbtaS%vFﬁ](‘:’ﬁ"th not

desi rabl / FR Qi i &06%1"1{?15 { @ in vessel
11 is fe?&??@#ﬁ%@fe{@tﬁ%%%gﬁgﬁmgﬁnenfg, ile %Fj icaqna%r@ﬁ;lé?rl?‘ne and

di l uent contained in vessel 14 is fed via line 15 to inpingenent device 10.
[0029] Mep026] ndhe sihoun) ofididugaitased éondtabsolagly atitiogl adikbewill Gupaaid toaact ant s
fromtheir respective vessels.through orifices i.n the inpingement device 10
(mix charf5&tR)" GHEREIRMENE § h!éWt%futg? éeqcmtsr%%dﬂé?rﬂf“}r@d@tthﬁgﬂuf%SO] The
react ant SyaL&y i thd Hrebdmii ! ied§ Bidierrd®d dsXolo D BhInd BARE dpaBRL L1 OnS
sufficient to produce a polyurea cofrpound having the consistency of a powder
and, i n whAgdingiheuihvent s nidt spjested.to jise afding dloneposan beconfbindiewithithe i on or
enmul sion can be from0.5: 1 to 4.1 by. weight of dilyent to conponent, As
present eds?wanatfeA@P@ﬂéﬂ%’bﬁﬁ@f‘%@ygﬁf £9 QIS&#VMHWQBHF;W%PWC si ze

det er m ngirkRPabll e aRRI MY bEIIGETRONNGE WhkichOTPploVed PR InebA habigeen 700 to
10 mcrons wth'a standard¢size being 200 mcrons. [0031] Conditions that

i npact t taboyt the sefmetdensiiy s it o the bdcvdtd erpelisocyrnateackivenbri fi ce si ze

(di mensiaons_,of _the yix ch r),. Il rates,. pressu i,ndi yi dual conponent
{enper at (P ERiE R ds EARERRR: n et B s Bl focst oL e @ Eipey e

react ant shakeightirbga bl yil itd airlife W3l deladbiO]1308BodEFSL | bed above. :[0033] The
reactor orifice size for the am ne and diluent and isocyanates typically
will be different fromthat for the dil socyanate and rglgnerally will be

chosen f dP02ci Experidngg hpshshowsn ehatiy tief ahsence ebdiluentstherimpirgeapgntopr i at e

nole ratip..Typical t he react or ifice dianeter, wll, range from about
0.030 t o BHISHFIBES S sHIMTeRag vt thenel rEa fomed Bty W Bet or For ¢ he
am ne/ di |sgaificiteth@snef ahtesciwdlibod¥anhRrgeips, Badsulhahidlois dobdesisabiyant e.

[ 0034] The pressure at which the reactants are fed into the inpingenent

devi ce tyBi cally will be above 500 psig and preferably 1000 fpsi g to 1800

psi g, whilP@2§lheRetmpes ta hed igurenhiizeryanety captaineshinyegpselagie fed g Wdbut 0C to
about 10 . . : j . .5 a
functi onch)ftg:i g’&@é@?\f&?%ﬁmggt@ éhg]rll %%e%%-%g‘}lﬁ%g%h?m%h{eﬁg&aﬁg%ggH; iqgs cgesi gn of
the m x dHdeibed yiatline Edjouistpingement ddviachid.s wel | within the skill of a
routiner in the art. [0035] In one enbodinent the fine powdered pol yurea
formed in inﬁi ngement device 10 fal]s .through a contai nggnt zone _16 as shown

in the FilBRF% Megpnobabawpnaisipresided for rreylatineha e pbreastapts §oByui pped
pth an ik pspbidve\RULAE thrbueh Bfiflced fl e dinpifiEn@RULGIRAPGhIKIr ea Then may

6
be coll ected oh a conveyer be system 18 Ivery to hopper 19 from
whi ch it chambbe vehare thkt ¢@apoyentedretimpingddagidwgaowderi al 20, such as, bags,
boxes or the like. W) 2007/087324PCT/ US2007/001814

[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 compositioi'l 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



- 8 - [0036] In another enbodi nent of the invention, containnment zone 16 is
provided with product nonitoring and control nmeans 21. Such nonitoring neans
may include an infrared spectroneter for detecting the presence of free
i socyanate groups and a mcroscopy device for determining the size of the
particl es. wirmsémsad y, the nonitoring nmeans are operablpgTwsmozoted to a
conputeri zed control device that functions to adjust processing conditions
as necessary to produce particles of the requisite size. [0037] The finely
di vided particul ate pol yurea powder, conprising fromb5 to 15% of the total
wei ght of base grease, is particularly suitable for form ng greases and is
m xed with a base lubricating oil, copprising from85 to 95% of weight of
base grease. The base lubricating fluid and pol yurea powder are together
pl aced in a conventional grease kettle or grease contactor at anbient
tenper at Ué@lg/\&&%%%:dﬁodnﬁ ﬁlmﬁ%,pa&mé’g Béhweeh I700dd 10hicpshsaRRh Reated to a
top tenperature in the range of about 150C to 175C, cooled to a specified
t enper at ustenddrd sizeiteingl20q hoewogeni zed) to forma fini shed honbgenous grease.
[0038] Optionally, typical grease additives such as extrene pressure
additives, rust inhibitors,. anti wear conpounds,and the ] ke be added to
the ni xt ul®93gks & qusitﬁ@lr‘[@ﬁ%@f’ 514§ csfgﬁe R%{cﬁ@rprgﬁﬁ?ﬁﬂi ‘ﬁﬁwggﬁlet he
i nvention denel r , Is fed

reabtdf okifRE s RANAGHSShSRA! U iR chaRbBST NbRAMAAF RRE

directly to a grease rmxing w base ol ormng the

m xt ur e i imdividugjroeaymnehiehRicEBufc00di0Okadtant tesideotd twieng Exanpl es an air
purge gun inpingenent device sold by Contrast Equi pnrent CO., Kansas City,

MO, was used.. Th 1 Xi ng ch drs used were gbtained from (Has-Craft Inc.,
| ndi anapol49821 | ﬁ?‘eﬂﬂ}” ﬁ‘%ﬂs 8?&%&33‘1‘?‘3? are typieaffy dn dhe Brols BERF2B8S pensi ng
patterns. gkQHbbghbd¥ansf orm Infrared Spectroneter - 9 - ("FTIR') analysis
of the reaction was conducted on appropriate product sanples to determ ne
whet her the product contained free isocyanate. The FTIR all ows eval uating a
product i [0038pca3s rbactoporifios sing fdrhibe amind awd dijeaktaind ibecyahataslgypdeallynhydri ne

test was u to.determ ne | roduct contai ned Ynreacted am pe.
Compar a1 VAT Bs GPEEnE i gGak1or fad R0 i APa EPyarally amil s oot Bt i on
chanber hﬁa@ilﬁaﬁﬁg\therﬂxéﬂeﬁag@wri?&ractamﬁn@m RSprepadicasicufbohgkhi@m ne, and

t he diisocyanate used was nethyl ene di phenyl'ene diisocyanate.” The orifice
di anet er therreadier erifies digmeterewid! @neg fronnabewy (i) ® st DShdschesspect i vel y.

feact i on DRuptsty 0 ShesBrRURES d R P e el el i ° "

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 pewdered 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.



Conparative Exanple 2: [0042] The procedure of Conparative Exanple 1 was
foll owed except a round m x chanber was used, and the pressure for each
conponent was 1,000 psig. After about 3 seconds the chanber becane cl ogged.
Exanpl e 1: 3 this exanple a (round m x chanber ed. The
orifice dianetga%?%? t he am ne feed was 0.109 inches, aﬁﬁﬁ§ﬂ@ﬂghg%ifice

di aneter for the diisocyanate was 0.052 inches. The cycl ohexyl am ne was

di ssolved in a naphthenic oil having a kinematic viscosity @O0C of 143.21
cSt. The weight ratio of oil to amne was 1:1.2. Both the amne/oil feed and
t he diisocyanate feed were at 21C. Thep each were fed to the inpingenent

devi ce reaction chanber at 1000 psig.“%he resul tant product had the

consi stency of a finely divided pol yurea powder in which the diluent oil was

di . R.anal ysi i h Ldi . and .
i mnar  00p8L (TR AFAESH S8ty bR OV cBRRERRG BE TR e PE¥let i on. A
sanpl e Ofwith%f_@dm udnit@ihgindasbnwiol heafs 80USHchaiBhitérify medhs may

2007/ 087324PCT/ TJS2007/ 001814 - 10 - weight of an oi|l typically used in
f or mul at i inglngesadegaredfpesirpmetes fordaieoting the presenes efifren isosyamatoduct

pol yurea with ny: .si . ration.. | . 004 In this exanple
a round #)?LE%g’?r%gﬁl\%g;ssg@ég‘;w%g&aﬁ%&%@ﬁ?%ﬂgg%gtoim%&ﬁgﬁ%e whi ch was

di ssol vedPreferhbi, ﬂﬁnhbﬂi@cﬂii@% RicknBiredpirablP chnickt@Nonecopoterizé@torol The .

dii socyanate was at 21C while the anine/ol| feed was heated to 32C. Both

f eeds werdevieathabfungtonsigcadinstproasspipgronditions as peesssayrio pyedyasr ea product
had a po . | S | R anal ysis showed a diisoeyanate peak at
2270-1 cvrﬁgglglggggﬁcffggﬁﬁgﬁg%ttance. As with the product of Exanple 1, this
product blended very easily with a grease lubricating oil w thout any sign
of ' oi | sqpeB7 i The finkBOLv]dedmirfienlaripodyitta PoideR Gomipdisi BoACS ¢ 5%

conpl etely reacted powder by using the sane round m x chanber, the oil to
am ne r atdfghqotetabwaiggtat basegreass, wpprtianly suitile S fosming greases anddianber
was chan . ja AS.. S . oS d A a

dii socya%gﬂ(ghggégg%ggﬁlugr@?tﬁ%g% #\%&nggé? aﬂ?lF §§¥€g§s gf\;v ]%%g%?%é’

est abl i shyreasec dihel tetse luteatingfluld sadpbbueéa pdedgrard tiogethasplatedein av t h an

equal anmount by ight of an oil typically used in fornul ati ng greases. The
oil v CORIFRYOTa stiase KaEPrirc I opiSIRTA AR IEPRREHE I DARY 81 gne. of

separ at i Qfispersed, sheared (milled), mixed and heated 1o 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 exireme pressure additives,
rust inhibitors, antiwear compounds and the like may be added to the mixture

before milling.

[0039] In yet ancther embodiment of the invention, the finely powdered polyurea,
-rather than packaged, is fed directly to a grease keftle 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



[ 0046] An i nportant aspect regarding prior art is that the structure of the
particles are conparatively different. The prior art fornul ation and

manuf acturi ng of the polyurea powder results in the structure of polyurea
particles being solid, conpact and vary in size. U S. Patent No. 5, 314,982
and U. S. P&0ent7/08pRd i cation No. 2006/ 0052261 are exanpkes/ustoot/nasigri or art.

I n conparison, polyurea particles nmade by inpingenent 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 like (foany cells) in their WO

2007/ 087324PCT/ US2007/ 001814 construct®en. The lubricating fluid used in the
dilution of the am ne, as explained in the exanples presented, is

encapsul ated or rather occupy the interstices of the particle as shown in

Fi gure 2. (“KSIBBsamalynis dfitherrgactinn weeeanducipdoespiiraptiatepspdudt samplasitP pool i ng
or separation of th ure owder fr.om.oil duri ter _the powder is
made. [ 00 eff%‘é'e%‘rﬁﬁgh%{)‘vﬁ‘&fc%a‘%% e dnee af‘%ﬁh%ﬁ%ﬁ?@?‘m avai l abl e
prior arteRQhaipeaprolli6t PPrstese byrhehieiratl thepecttaldRAaks.t The sesdiddan 6. 5

| bs/gal, nore preferably I'ess than 6 |bs/gal and nost preferably has a

densi ty ofinhgdine teahwas rsed togeierming i durioiontained yergagkdAmiBs: powder has
a larger surface are than prior art polyurea.” Preferably, the polyurea
powder has, a specific suyrface area of nore than 20 n2/g (nmeasured by Hg

por osi et DALY bly 26 n2/g and nost preferably nore than 32 n2/g.

[ 0048] A shelf life study was conducted to ponitor the integrity of a typical
batch of [Milhgdwthisromparatiys samplsibe reaciionghambep 8ad gdlatppigiighser vat i ons
made fro k Mol ST yur ea
powder strr% %%ﬁ%%%ﬁ%ﬁ%@ﬂ% %{cﬁ% an?ljggrl’t?da t%?gb%g%r%ﬁﬁjﬁgdo storage,
t her e wasnetilgilesf diphargdenovdiisoakamage.ate oréficadiiaostirdior thesichttpnisrwere

m croscopj l.y ,of oil aching fromthe torecg owder. [0049] Regarding

o case pr bOZLaehes apd p 4SRRI EBF SRSt alt WethantmBint [he visi bl y

| arge par{enfpe@suf @19€5dnd AERKRR AP S the rehctidrPERRER Gt 700 psie Wiligars ng
devi ses, mlls and honbgeni zers, used in grease processing. us, over tine
during t heecondethgrebamber ploggedsi ng prior to top tenperature, the mass
beconmes thicker and nore grease like as tine and tenperature increase over
the coursg of the proscrihed manufacturing process. WO

2007/ 087328 PRRIAUVECSRAMINE 14 - 12 - [0050] Grease made with pol yurea using
t he new net hod has i nproved &ropertj es. Table 2 shows the different

proper t i etV042] ¢ Heenrpcadyrs of eamparetive Examplp levas fodloyed ewent Heyady ¢ h

conventi o I i I | e wth
ew pol yur2s oYL il fiad, SO pref BREr tach cBfpfie il 8D BAC ATREC 11
the ol d pabart 3aetomisttho dhahbbi bgramecdoggadenper at ure and hi gher

honogeni zat’'i on pressure ("Hog") exhibits poor penetration properties. Sanple
B shows iggr ode1 properties using the new nethod of produci ng grease.
ampie 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 c¢S8t. 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 hac} 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



TABLE 2: Properties of the Polyurea G ease SAMPLE A B TEST Hog pressure @
6000 psig 1500 psig Cook tenp, F
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weight of an oil typically used in formulating greases. The oil was readily

incorporated in the preduct polyurea without any signs of separation.

Example 2:

[0044] In this example a round mix chamber was used. The amine used was
tallow amine which was dissolved in the naphthenic oil at a 2:1 oil to amine weight
ratio. The diisocyanate was at 21°C while the amine/oil feed was heated to 32°C.

Both feeds were fed to the reactor at 1800 psig. The resultant polyurea product had

a powdery consistency. FTIR analysis showed a diisocyanate peak at 2270-1 cm of
about 27% transmittance. As with the product of Example 1, this product blended

very easily with a grease lubricating oil without any sign of oil separation.

[0045]  Another attempt was made to manufacture completely reacted powder by
using the same 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 a result, 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 élso 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



400 320 Thi ckener content, % 12% 12% Appear ance snoot h dark brown
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construction. The lubricating fluid used in the dilution of the amine, as explained
in the examples presented, is encapsulated or rather occupy the interstices of the
particle as shown in Figure 2. As observed during impingement processing, there is
no oil pooling or separation of the polyurea powder from oil during or afier the

powder is made.

[0047] The polyurea powder is less dense than commercially available prior
art polyurea. The polyurea preferably has a density less than 6.5 Ibs/gal, more
preferably less than 6 lbs/gal and most preferably has a density of less than 5.75
Ibs/gal. In addition, the new polyurea powder has a larger surface are than prior art
polyurea. Preferably, the polyurea powder has a specific surface area of more than
20 m/g (measured by Hg porosimetry), more preferably 26 m*/g and most
preferably more than 32 m*/g.

[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.
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[0050] Grease made with polyurea using the new method has improved
properties. Table 2 shows the different properties of the two polyurea greases.
Sample A is a grease made with conventional polyurea and higher pressures.
Sample B is a grease made with new polyurea and with new method. As shown in
Table 2, Sample A made with the old prior art method of higher cook temperature
- and higher homogenization pressure (“Hog™) exhibits poor penetration properties.

Sample B shows improved properties using the new method of producing grease. -

TABLE 2: Properties of the Polyurea Grease

SAMPLE A B
TEST
Hog pressure @ 6000 psig 1500 psig
Cook temp, °F 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




Ext ended (10K) 400 100k --- 353 Points change (60X to ext) 76 65 Dr oppi ng
Point, C 254 269 - 13 -

-13 -
CLAIMS

1. A polyurea particle having interstices in which lubricating oil is encapsulated,

said particle having the consistency of a powder and a density of less than 6.5 lbs/gal.

2. A polyurea particle having interstices in which lubricating oil is encapsulated,
said particle having the consistency of a powder and a specific surface area of more than

20 m2/g.

3. A polyurea particle having interstices in which lubricating oil is encapsulated,
said particle having a particle size that is at least 10 microns and less than 700 microns, a
density of less than 6.5 1bs/gal, a specific surface area of more than 20 m2/g, and the

consistency of a powder.

4. A polyurea particle having interstices in which lubricating oil is encapsulated,
said particle having a particle size that is at least 10 microns and less than 700 microns, a
density of less than 5.75 Ibs/gal, a specific surface area of more than 32 m2/g, and the

consistency of a powder.

5. A polyurea grease comprising a polyurea particle having interstices in which
lubricating oil is encapsulated, said particle having a particle size that is at least 10
microns and less than 700 microns, a density of less than 6.5 1bs/gal, a specific surface
area of more than 20 m2/g, and the consistency of a powder, wherein the polyurea particle

is blended with a [ubricating oil.

6. A polyurea grease according to claim 5 wherein the polyurea particle has a
density of less than 5.75 Ibs/gal and a specific area of more than 32 mZ/g.

7. A polyurea grease according to claims 5 or 6 wherein the polyurea particle and
lubricating oil are mixed, heated to a top temperature of about 150°C to 175°C, cooled

and homogenized.



CLAI M5 1. A polyurea particle having interstices in which |ubricating

oil is encapsul ated, said particle having the consistency of a powder and a
density of less than 6.5 | bs/gal. 2. A polyurea particle having
interstices in which lubricating oil is encapsul ated, said particle having
the consi stency of a powder and a specific surface area of nore than 20

n2/ g. 3. A polyurea particle havigqng interstices in which lubricating
oil is encapsul ated, said particle having a particle size that is at |east

10 microns and less than 700 mcrons, a density of less than 6.5 I bs/gal, a
specific surfgce.,area of nore than 2 / d, t.he. consi st ency. of .a powder.
2 %A pol yur ea oRErORe FRATIGe Phe Bt £ Wikeetn AORPERTiGSRTE Sho%E Yo 1R
encapsul oRSisGnPSf HapRInRnidYiriGink, PAY, PAIParti &ter s, hi8n@br n@Ft 10

m crons g%ﬁﬂﬁ%ss tﬁgn f%o n?%?%ﬁs,na density %f | ess tﬁan %.fg IbZ/gaI, a
speci fi c combimten #reefof nore than 32 n2/g, and the consistency of a powder.
5. A polyurea grease conprising a polyurea particle having interstices in
which lubricating oil is encapsul ated, said particle having a particle size
that is at least 10 microns and | ess than 700 m crons, a density of |ess

than 6.5 I bs/gal, a specific surface area of nore than 20 nR2/g, and the
consi stency of a powder, wherein the polyurea particle is blended with a

| ubricating oil. 6. A polyurea grease according to claim5 wherein the
pol yurea particle has a density of less than 5.75 I bs/gal and a specific
area of nore than 32 n2/g. 7. A polyurea grease according to clains 5
or 6 wherein the polyurea particle and lubricating oil are m xed, heated to
a top tenperature of about 150C to 175C, cool ed and honobgeni zed. - 14 -

8. The polyurea particle of claiml, wherein the lubricating oil is chosen

fromthe group consisting of naphthenic, paraffinic, PAO PAG and ester
fluids, alone or in any conbination thereof.



