WO 2007/ 087323PCT/ US2007/ 001813 -1 - MANUFACTURI NG DEVI CE AND SYSTEM FOR
PREPARI NG FI NE POADER POLYUR_EA AND GREASES THEREFROM .. FIELD OF THE

| NVENTI ON [ 0001] The present invention relates to the manufacture of

pol yurea powder and the manufacture of greases therefrom BACKGROUND OF THE
| NVENTI ON W §982hsBssdustri al |ubricating greases are hopogeswoumifisoducts of
Sem -liquid to solid consistency. Essentially, they consist of a dispersion
of a thickener in a liquid |ubricant or base oil. In general, the thickener
is a significant determi 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 amines with isocyanates. [00041 One nethod to test the performance of
greases is done penetration and prol onged working of lubricating greases

t hrough ASTM D217. A cone_ of S eC|f|ed meloht is allowed to fall into a

| ubri cating ___:_U_'_ IR ENG A2} I 2YSREM FOR P s of
a.mllineter, ' YOER & . Aoy EHl
Table 1; the NLG grade of the. grease is identified fromthe 60 stroke
wor ked penetratlon WO 2007/ 087323PCT/ US2007/ 001813 Tabl e 1: NLG

Cl assification Scale |

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

[00(?2] Industrial lubricating greases are homogeneous products of éemi-liq'uid .
to solid consistency. Essentially, they consist of a dispérsion of a thickener in a’
liquid lubncant ot base oil. In general, the thickener is a sxgmﬁcant determmant

of the propcrtlcs of the greases

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

reaction of amines with isocyanates,

[0004] One method to test the performance of greases is Gone penetration and T
prolonged working of lubricating greases through ASTM D217. A cone of -

specified weight is allowed to fall into a Iubncatmg 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 1dent1ﬁed from

the 60 stroke worked penetratlon



. NLAd G ade ASTM Wor ked Penetrati on 000 445-475 00 400-430.. 355-385. 1
310-340 265-295 3
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'Tabl'e 1: NLGI Classification Séale .

NLGI Grade ASTM Worked Penetration
000 345475
00 - 400-430.
0 355-385

| I 310-340

( 2 265-295
3 320250
3 7753203
5 ' 130-160

: 3 T [85-115.

[0005] This test can be used to determine the mechanical stability of a grease
thrc')ugh prolo'ngéd 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 pénepratfon equipment commonly referred

to as 1/2 and 1/4 scale devices for use when.less-than 300 grams of grease are

a!vailable.

-

[0006] Dropping point ;)f- lubricating gll'eases is used t6 determine high
temperature structural gréasc properties related to the thickener. In ASTM _ .
D2265, the dropping point of a lubricaiing 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 fhe 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 il falls from the lower.opening, the dropping point of



220- 250 4 175205 5, 130-160 6 85-115: - [ 0005] This test can be used to
determ ne the nechanical stability of a grease through prol onged working,
stilt as 10,000 or nore double strokes using the notorized grease worker.
Wil e cone penetrations are typically conducted at 25C, neasurenents can be

carded out t enperatures. About 300 grans of ng%%% uired to
conduct thga;gﬁi 7 test. ASTM net hod D1403, DI N 51 804, J%PES%
descri be cone penetration equi prment cornnmonly referred to as 112 and 1/4
scal e devices for use whenl ess.than 300 grans of grease are . avail able.

[ 0006] Dropping point of lubricating-greases is used to, determ ne, high
tenperature structural grease propefties related to the thi'ckener. lit. ASTM
D2265,. the dropping point of a. Iubrlcatlﬂg grease is the tenperatureat -

whi ch the thickener can no |onger hold the base oil. Some of ‘the reasons oil
can no'longer ‘be held are that the thickener.-has nelted or the aqil has”

becone so thin it I ¢ n a small
cup and hea[ﬁé‘ggpésélfls %\?&elhlgﬁ ke%ethg erh}? %ﬁg@ffndth (%Q/gﬁeand nﬂi?fl‘ge (fdPOm t he
| ower, openigwap drﬁ)@lﬁfx@pmnﬂ@nﬁ@ gf&as@sf demontrate a droppxng point while i morgamc :

thlckeners such as clay or graphite may not havc a droppmg pomt .

[0007] In U.S. Patent 5,3 14?982 there is discIosed a process for making -
polyurea greases by first making a dry polyurea compound. Then the compound .
is pulvenzed to'give powders havmg particles in the 100 to 400 mlcmn range
Thereaﬂer a paste of the powder and base oil is heated, cooled and

homogenized in a high pressure homogenizer at pressures of 400 to 1500 bar

[0008] In U. S. Patent 6,498,130 B2 a grease having lqw noise 'charaétéﬁstics :
is made by shearing a base oil and thickener to reduce the 'thiqkenér particles .
below about 500 microns in size. In this instance homo'g.eniz"ation is achieved at

about 2000 psi.

[0009]- Both the above mentioned patents show the desirability of usihg _
polyurea of small particle size. They also illustrate that the conditions under
which the polyurea particles are prepared imphct subsequent processing

__conditions such as the homogénization step in grease forming.

{0010] User demand for polyurea greases has been increasing steadily;.
however, manufacturing such greases has been more dif_ﬁcult and expensive

when compared to the manufacture of other greases.

[0011] One of the dlfﬁcultles in manufacturing polyurea greases is consxstently
obtaining on an 1ndusmal scale substantially uniformly fine polyurea powder

that is readlly 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 pu]verizing

large poiyur_ea particles.



- the grease is calculated using the tenperatures in the oven and inside the
cup: Soap or polyner thickened greases denonstrate a dropping point while
i norgani c thickeners such as clay or graphite may not have a droppi nhg point.
. [0007] In P t 5,314,982 there is disclosed a pr ki ng

pol yur ea d&éggggﬁégpfirst maki ng a dry pol yurea conpouﬁg&ﬁ$%ga @ﬁgpconpound
is pulverized to give powders having particles in the 100 to 400 m cron
range. Thereafter, a paste of the powder and base oil is heated, cooled and
honogeni zed in a high pressure honogeni zer at pressures of 400 to 1500 bar.
[0008] In U S. Patent 6,498,130 B2 a grease having | ow noi se - .
characteristics is nmade by shearing a hage .oil and thickenéer to reduce the
t hi ckener particles bel ow about 500 microns in size: In this instance
honmogenj zation is achieved at about 2000. psi. [0009] Both the above
Mentioned patent's show the desirability, of using polyurea of small particle

i ze. Th il F | dict | 1der  whi he,..pol;
oarti ol oo ot o ANEAEANEREO i B RS i I AR K Profs o mBaBEARe,C™ e
honogeni zat peRdaledpolyurss eaaohRdiviibh canQLh sy ol eATithstad Raleyandea

greases has been increasing steadily; however, manufacturing such greases

has been nothat ggf b¢ bamogzenided updersitandap grease hpmoggnizing henditinns.act ur e of
other greases.. [0011] One of the difficulties in manufacturing pol yurea

greases is’ i stently obtainjng.on.an jndustrial, ,scal,e subsiantially
i for ml y 1 {004 3ho ¥ PBAEE RRiskt DRUE REenatss iy PEGAE A IEIPEOYSH ety i-Lat i ng
base oil. M%@arﬁ@%ﬁhﬂ%ﬁ'g&‘e@@?ﬁuﬁ%&‘ﬁly Rldubi@ HE 8RR That U UssOEjated 1 O
provi de a procCess for nmking fine polyuréa powder w thout the need for
heari ng orinppanfpetaring with geatpohines enispayanatdses. ° [0013] Anot her -obj ect of
the invention is to providé a process for making fine powdered pol yurea
cal é and that can be

conpouhds ich c be practiced on i,ndustri al

hormbgent e 0E8k heinabi gl obiesthofBganYoming EUhBFamn SOrF opRMELe:
anot her objﬁa@ﬁltgé.félmvjng\@@&ﬁ%ﬂ_s t-o provide an inproved nethod for
preparing polyurea greases thus greatly reducing the risk (hazards)-

associ-ated in manufacturing with neat anines or isocyanates. [0015] These

and ot her GEIJENMARN CEEHBENNVENITOM | | beconme nore apparent fromthe
follow ng description. SUMVARY OF THE | NVENTI ON [0016] Broadly stated,

pol yur ea CC{UDIK]PdBrcﬂfd?' DaBRE pBN Y EQAFSINE: AT phGfaréd By ireadaNahResi n the
presence of a l'iquid diluent in a hi 3[1- pressure inpi ngement m xi ng device
under condiandasecysnstes 1 $iepresense of ad kusd diluertdn edrigbtpressurevi ng t he

consi sten CXm%En g%npc?n‘f\%gdn%n&ic‘ji& M&e@ R ofliridgl tsuh?ci gﬁtstgeﬂrﬁﬁgc‘a polyurea
compounds having the consistency of a powder and in which diluent'is -

dispersed.

[0017) An embodiment of the invention cornpriseé passing the powder formed
through'a containment zone having means for. monitoring and controlling the

process.

[0018] Other embo&imgnts 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.



[0017] An enbodi ment of the invention conprises passing the powder forned

t hrough a contai nnent zone having neans for nonitoring and controlling the.
process. [0018] O her enbodi nents and aspects will be clear fromthe

foll owi ng detail ed description. BRI EF DESCRI PTI ON OF THE DRAW NG [ 0019]
Figure 1 ig@w,@%gm of the machi ne device used to nmalpeTagbodhEB13 WO

2007/ 08732 UsS2007/ 001813 - 5 - [0020] Figure 2 is a mcrophotograph O a
pol yurea particle nade by inpingenment processing washed free of |ubricating
medi um . DETAI LED DESCRI PTI ON OF THE | NVENTI ON [0021] In the practice of the
invention primary am nes and isocyanates are reacted toe form pol yuréa
conpounds. [0022] The ami nes include aliphatic, alicyclic, arohatic am nes
and m xtures thereof. Exanples of such-§Bno arinines include pentylan ne;
hexyl am ne, heptyl am ne, octyl am ne, dodecyl am ne, . cycl ohexyl am ne; )
benzyl'anm ne, "aniline, diarnnes and the |ike.” [0023] Suitahle isocyanates are
sel ected frmuzope RigaeR angicsiphitogbphof % ippbayedpiticlamade dgcyanat e,
andcliisocyanate, and any conbination thereof, Preferably, -a diisocyanate is
used. Furt hispipgemenhprocesingwathed denefiebricating medidm.phatic or aromati'c and
preferably is selected.froman aromatic diisocyanate or -mi xtures-of. aromatic
di i socyanat g ‘ dij . socyanates phenyl ene "di i socyanat e;

t ol uene di |§@@éﬁm&? EHER J.]:\“{'}.&\mfocyanat e.and thelike..
Typically, the am nes and isocyanates are reacted in nole ratios-of about

1:1 to aboul0021] Inthepragties of thedrpvention pyiearyrAvencsand isonyanaleepe s cr eat ed

for prepari %ﬁgt%a'tng’ﬁ@g@%ﬁ%%gﬁ %J{% system conpri sing a chanber .for

reacting am s-an e presence of a liquid diluent in a

hi gh- pressure inpingement mxing device under conditij ons suffici ent to .
produce a pgogd] e heqFmAbNthchaie Alighhiie, ARYENS ROGULIO inAnSONRIEMiRREed N Whi th
di luent is dispersed. The inpingenment mXxing device reacts twit!,.or nore
conponent s thetkaf. Examaples of gethyimope egunesinchidegntydaming, hexylamipers

(spray- headﬂep%l’%%rqa' o@yl%#ﬁne?%%gééﬁal&hine, cyclohexylamine, benzylamihe,. aniline,

diamnes and the like.

[0023] Suitable isocyanatés are selected from the groin‘c‘:opsis;ting of
polyisocyanate, monoisocyanate, and diisocyanate, and any combinati‘o'n thcr'eo'f.
Preferably, a diisocy;nate is used. Furtheﬁnore, the isocyanate compbr_’:en_t may

be alipbatic or arornatic and preferably is selected from an aromatic diisoqyan-zlte o
or mixtures of aromatic diisocyanates. Examples of such diisocyaﬁates are

phenylene diisocyana.te, toluene .diisocyanate,_ methylene diphe-ny'lehe |
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 one embodiment, A system is created for preparing bo]yurea
compounds. The system comprising a chamber for reacting amines and _
isocyanates in the presence of a liquid diluent in a high-p?cssure impingément
mixing device under conditions sufficient to produce a polyurea compound.
having the consistency of a powder and in which diluent is dispersed. ~ The
impiﬂgemenf mixing device reacts two o;', more components under felati\fely

high pressure through a mixing chamber (spray—hcad) dispensing the material .



- WD 2007/ 087323PCT/ US2007/ 001813 [0015] In another. enbodi nent, a system for
preparing polyurea grease is | created. The system having neans for pui nping
am nes and i socyanates in the presence of a liquid diluent in a
. high-pressure inpingenment niixing device under conditi [cient to

pr oduce a“ﬁb?o?ﬂﬁézg’corrpound havi ng the consistency of Sggm%%w&%lgnd in
whi ch diluent is dispersed, neans for processing the polyurea and a
| ubricating oil in a processing vessel at tenperatures |ess than 350 F,
means for m.lling the.processed pol yurea and lubricating oil at a pressure
| ess than 2000 psi,.and means for cooling the processed polyurea to form
pol yurea grease.. Qptionally, this systegrnmay have neans for additi-zing the
grease to .. achieve favorable properties. [0026] I'n the invention an am ne
and i socyanate is reatted in the presence of a liquid diluent in‘a
hi gh- pr ess g3 3) "MERRH erfbodif@nt 8\6y SRS ok hrasarid b HYRARNresiRvs ce 10 shoi vn
in Figure !‘.’@]ﬂ%e enbodi ment of ’t.h?g@i Inv.eR)tri on, a novel r,_Eldjevi ce for making
a particul eteatqdol Vhe systenrpydig means for puimpingsmindsi asnddsocycmatesiptheses an
i npirngenent reactog, ..punps.,suitable for feeding a solution Qf ,an anpine or
i socyanat ePEENGE ¢ Pﬂegi_)%rlu‘gemﬂbfﬁhd?reﬁﬂﬁ é’ﬁpﬂ?%ﬁ‘b‘”&ﬁ"ixh‘fﬁ &%%‘HP&%react or
(mx chambegaainbhd SufrRec: 1 plodiee @RI IEa bBiPOhRE halig\MEBALIstREBF ber . an
orifice on the nipingentent reactor Tor spraying the particulate pol ybrea
fornmed by. & pewdenend dmwdifich dibugm s dispersed; roéanssfor proaessing fliOAdlyutea anot her
enbodi ment, vice, for, making grease is uytilized. This deyice conprises a
pr OCESSi ngf“%)‘ggg rigaging lk}’h@p%f’%ﬁ Y%Ff@ér?mﬁr%ﬂestl?ﬁitga‘bg$§uE'ea particle,

means for heatd ﬂﬁrhhﬁngm% Hxéc%g%{cd???%r@i 5ntﬂﬁﬁ3tf?ﬁlhiigrcﬁpatta%r€sstlﬁgﬁ%ﬁat ure in

Ahe range of -.about 150C t 75C, and a mlling device for milling the
‘heated ni xthan@000 psibrandampansoige ndeling e gusecsatd pehypeeatofosm padygreahan. 2000
psi .- The device in urea and ftor pakin r e C be conbined into
P devi o cbroee, QPERAh S s aahay bite Toab8 Sor bR finatle 8aSRR 1T ol o

di | uent ‘enghi@cfaBrdtiie pRopRefiésce of -t he present invention is one which is
inert to the am nes and})or i socyanates and is conpatible with-the conponents
of any end product to be fornmed fromthe polyurea. Thus, 'in ' instances
where the r .| .be | -qr t.hi

For oatt 0084k e R 88Hgh o hiFaltf R0 Al X RESEI S EREEGR0R ) e
Addi t i onalliguid diluest iprhighrgrdsdufe impingemehnmiKingdvicsanyagat e be readily
sol uble. i,n the diluent. w general, it _is preferred to dissolve the am ne

in base oilMPARZFRTHASVILR H%ﬁﬂﬂﬁéﬁig&rc barBramefrbopimsnt 6K ester f1uids

can be us§fvention, a novel device for making a particulate polyurea composition is

utilized. This device comprises an impingement reactor, pumps suitable for
feeding a solution of an amine or isocyanate and a lubricating medium or solvent _
into an impingement reactor (mix‘ chamber) while feeding a isocyanine into the -
impingement reactor, an c;riﬁce _ori the iﬁij:ingerheht reactor for spraying the

particulate polyurea formed by tl_xé reaction {pf isocyanine with the solution. "

[0027] In another ;:mbodiment,' a device for making grease is utilized, fi'his
device comprises a processing vessel for fnixihg a base lubricating oil and a -
polyurea particle, means for heating the mixture of base oil and polyurea to a
temperafure in the 'range of about 150°C to about 175°C; and a mjlling device
for milling the heated mixtuﬁe to form a homogenized grease at teﬁxperatures less
than 2000 psi. The device maiking polyurea and for making grease can be

. combined into one device or system.



singularly or in conbination as a diluent for either, conponent individually.
or sinultaneously. Al so, any carbon base solvents that are conpatible Wth,
either of the two conmponents can be used as a diluent. [0029] The anount of
di luent used is not absolutely critical and will depend to a certain extent .
upon the g‘%#gj”&é?hy, of the reactant, e.g., the am ne ipci2ogtidoisent . | ndeed,
in the present invention, it is preferred to dissolve the amne in the

di luent. Again, the diluent is not subjected to just am ne al one but can be
conbined with the isocyanate. At |east sufficient diluent is used to

di ssol ve (disperse) - -the amne, and preferably, the anmount .of diluent will be
sufficient 'to provide a:solution having about. the.sane density as that of

the i.socyanate or, polyisocyanate. - dil-dent. conbination. In the case where a
napht henic oil i's used as diluent for the am ne, the weight ratio of 0il to
amine wll.be about-1:1 to about 1:3. [0030] Experience has shown that in

t he absence[0f28fi Mherliquid dduemtpimpjeyehin the\practiqel offbe preseat inventidn & el y, and
t he pol yurea for: typically has a sjignificant anpunt of. yoreacted isocyat
bt e. Cor bupsonehi s tHeh 1 e g srlof Bapyarates G 1s Compatible with the | -0

2007/ 087323 H.fg,lq 0.1 ' e A G . Fi 1,. i'socyanat e
cont ai ned ig&;\l/;ésse Q%éggégéégrﬁug%ﬁ?&n%ﬁﬁgatfgd@%% Eg%{ﬁg\%ﬁ& 10, whi'le
Primary am igtamoes dhberectht pobnirea peduchisite dbeealsed 4s agréast thickehemeae . 15 to- -

i npi ngenment . devi ce '10. [0032] Means (pot shpwn). which are,fypically punrps
are provi deB‘%F'&Pt‘?% Eﬁca?‘i ﬁ‘b‘tatﬁ%tc’f g&ﬁ?%‘?"”l”é‘i”é’t“é‘ﬁt‘% aﬁ%ﬁfﬁ‘ﬂé“%&s pecti-ve
vessel s thr Al I b ! ] X .wher e
t he conpone%}td gnﬁ’g”?’n{ﬁﬁ%‘ﬁgﬂ rgén}gﬂlr gg;g’[hgﬁ HE %%Sg%%@ﬁ;eﬁ%e(e%c%&gﬁ?ggg@y ?‘ ed to

i npi ngement indibeidilaed0 I generahdtnis profernddo dissokvettho amise it 4 basmoil aod pr oduce a

pol yur ea conpund havi the caqnsis a powder .and in which di'luent'is
di spersed. Rifecg mr&pbg%ﬁ‘b%ipﬁ BHS E’mypég{}tﬁqdo??\{\%rﬁ‘é‘ﬁﬁ%?gﬁ"éﬁ be from
0.5:1 to 4l5RynMAYHrin ebmBindiRAlasadiGRAP Bleiiher 08 miYoReR At ilfallpger Li ght
Scattering anal ysis performed for particle si-ze determ nat.ion, the.polyurea
conpound wi $imulienpeusty Adsa, aoy esrbvatbase polventsitbatige wommatiblevvith either andar d
si ze bei ng gp erp;v r OSson 9&3%1113%(1{}9{15&3'&‘1‘1#9@ i npact the size of the
particl es produced 1 nclu e'_t%e reactor oriftrce size (dinmensions of the mx
chanber), flow rates, pressure; individual conponent ‘tenper ature and
reactant remjodoNcaheiafounkt @¢hertiRed iONot Ms8Rutélly dchiRal 88 WANRpaiPlo
typically in the nole ratio range described abové. [0036] The Teact.or
orifice sizecémtainentenhnpomr thensolebiligeof thendadtantc g gndhe emippin the diluent) be
different fyomthat, for the diisocyapate. an neral Iy wil.l .be.chosen for
et 11 ot § AEOPRS e PlestiGpYiBRe YU BT B00 (BRSO R he Sbine BTHET o ot 1 6.
Typi cal l'y, diheenteAghin, tey dilneae igharsbiicted 1d jusBdigine 41662 Bpedn ¥ 030 t 0 about
0. 150 i nches; however, .the reactor aqrifice Ji aneter ‘for the am ne/dil uent

feed gener afQYPREE Vithethe dsQruanitfa it east seificienidiluegtisseddo dissolve

(disperse) the amine, and preferably, the amount of diluent will be sufficient to

=

© provide a solution having about the same density as that of the isécyanate or T
polyisocyanate — diluent combination. In the case where a naphthenic oil is used
as diluent for the amine, the weight ratio of oil to amine will be'about 1:1 to

about 1:3.. -

[0030] Experience has shown that in the absence of diluent, the impingerﬁent
device plugs almost imrnediétely, and the polyurea formed typicaliy has a
significant amount of unreacted isocyaxigte_ groups, a result which is not

desirable.



[ 0037] The pressure at which the reactants are fed into the inpingenment
device typically will be above 500 psig and preferably 1000 Psig to 1800
psig, while the tenperature at which they are fed may range from about 0C to
about 100C. and preferably 24C to 55C. The reactant regj i is a
function S’YO?'}Q%’F’gﬁ feed rate and reactor vol une, i.e???’gjg%@?%lg‘é desi gn of
the m x chanber, the adjustnment of which is well within the skill of a
routiner in the art. [0038] In one enbodi ment the fine powdered pol yurea
formed .in inpingenent device 10 falls through a contai nnent zone 16 as shown
in the Figure 1. The containment zone 16 nmy. be and preferably is equi pped
with an antistatic device 17. The finelygdi.vided powdered pol yurea.then nmay
be collected on a conveyer -belt system.18 for delivery to hopper 19 from
which it can be automatically fed to packagi ng mat.erial 20, such as, bags,

boxes or t vk Ker :39] rs g;;%‘qm : 1 : | .
cont ai nmen[m%%t ]fgk%gﬁgrtg\%bd%@?hmgro uc't:t m%‘?‘tggél?ﬁgé%x_?g%%hr%ﬁa nmeans
21. Such nding 1 iongnpiagasenbdeviee | ddehiea prinfary emines ped diloert @mtdined diet ect i ng
t he ‘presence of free isocyanate groups and a m crdscopy device for -
det er mi ni ngressd 14iis dedyia @FQI%P’@S?’“PPE?’%‘?%W—; the nonitoring means are
operably connected to a conputeri zed control' device that functions to adjust
pr ocessi ng i tions as .necessany 10 _produce particles of, the.requisite
B e TooadPoR. ' Mt PRerBpaas Hnieb Ardb RIS o Bl BBaiiaet o s ng f rom
S to 15% ofrefliatih@ttnd f1BR mkaaantbaﬁﬁn'tméiﬁﬁ@sgegﬁx& Wabéls thotishiorffiddsakl e for
form ng greases and is mxed with a base |ubricating oil, conprising-from 85
to 95% of Wes ynpingrmigatdeyjeed8dmixshamher whise ithaedmponents areapipgEgur ea
fPowder areabgg%ct?gé pl aced in a conventional grease kettle or grease

at -a

‘cont act or i ent tenperature where it is dispersed, sheared (mlled),
m xed and heated to a top. - 10 tenperature in the range of about 150C to

1. 75C, cooliggh3]o BhéRactantLite £8P anpingemchbasvidt 10 ¢mhik keamBen) iy to form
a finished honbgenous_grease. [0041] I'n one enbodinment; the MIling is.

per formed berditiens sefficientiopoodise & polyurgarompaund haMing therdonsisteteydf i s a

T 5 or of ohroyask AR T wlich iffucls RRGETy. TP BERFLORReStiof R WiEfed of on
I n ot her wer étuldibe cal bagons 0611 thd: by Meightdd\dilvendio datipoent 14s one tine

during the course of manufacturing. [0042] The entire system or process of
creating t Bespoied ir dazgr bight Scattging anajytiy pedrumed for partieleiies at ures | ess

t han 350F. 4 ; e&%a:jd rel @ofiffoub %ﬁﬁh ; g

t enper at ur eé{?g‘%"ﬁa%%kl_ m’cquvvePl 0t| me gfvpigl m ut%ﬁ. I%ﬁ’f’%%fﬁ} ?)‘?%mo
typi cal grpasenscdilt 2 sadandctizeabeiagt20@meicpomssur e addi ti ves, rust

i nhi bitors, antiwear., conpounds and the |ike may be added to the m xture

before mlli ng. 6%?0044] I n é_et anot her egbodi ment of the invention, the
finely powd93dl Soamgditiens thabimpact thesizp 9 Kigearticies predpcedipehudg the 4 grease

ket t1 e"f or et Bt !shzeA(dABAsiBS o B Bldobdrf) TS ¥hidk CprelBhited 0T €ase.

({ individual component temperature and réactant residence time.

[0035] The flow rates of the reactants are typically in the mole ratio range

described aboye. :

[003.6] The reactor orifice size for the amine and diluent and isocyanates
typically will be differcnt.from that for the diisocyanate and generélly will be
chosen for facflitating the metering of the reactants in the appropriate mole ratio.
Typically, the reactor orifice diameter will range from about 0.030 to about
0.150 incheé; however, the reactor orifice diameter for the amine/diluent feed

- gencrally will be larger than that for the isocyante. -



EXAMPLES [0045] In the foll ow ng Exanpl es an air purge gun inpi ngenent

devi ce sold by Contrast Equi pnent Co., Kansas Cty, MO, was used. The m xing
chanbers used were obtained fromd as-Craft Inc., Indianapolis, IN, and had
either flat, rectangular or round di spensing patterns. Fourier Transform

I nfrared Sperdhmgeher ("FTIR') analysis of the reacti opcias6006i8es ed on
appropriate product sanples to determ ne whether the product contained free
i socyanate. WD 2007/ 087323PCT/ US2007/ 001813 The FTIR all ows eval uating a
product in process by nonitoring the spectral. peaks. The standard

ni nhydrine test was used to deternmne if a product contained upreacted

am ne. Conparative Exanple 1: [.0046] In this conparative exanple-the
reaction chanber had a flat niXing cham¥r . ‘The' am ne used was cycl ohexyl

am ne, and the. diisocyanate used was net hyl ene-di phenyl ene diisocyanat'e. The
orifice dianmeter for the reactants were 0.071 inches and. 0:042 inches -
respectively. "The reactants were at anbient tenperature (21C), and-'each was
fed to the (6087]i Grhecprasdnee abwhikbChe séagtanty sifei fied Sntodbe nuipingement debize

1 vos ol I ommalioufl baspovs sthesizand pberrt 1 G Rednd SO oaule e or
h s Bt S ' o
Cagged. | B apre e By o e e O P a0,

chanber was psfpdablye2d The. 5590. I The rdacianttresidénce tile inrifumctieedf wwastagt 109

i nches, while the orjfice dianeter for .jf.he di.i so nat e s,0.052 inches.
The cycl ohef&ad ratq and xgastopve %é&-,.isae%thﬁgﬂﬁils@m%iﬁ%mlxﬁ_emhanah%-nemt ic

viscosity @%};%&;ﬁgﬁﬁ% eumﬁﬁmegmllro%tairgutgﬁerqh'mé gream ne was 1:1.2.

Bot h the am the-dii socyanate feed -were at .21C. _Then each

were fed to the inpingenent device reaction chanber at 1000 psig. T_hé 4
resul tant p(id83t hadetenshozibmentsthe fine pfwderéd pelyyirel formhed indmpingangawder i n
whi ch the diluyent oil was dispersed.” FTIR jgal yﬁi s fail eg_to sh a
di i socyanat deyeai0 fallythovghhp sontaament one Ap ag ghewndp fhie. Figsee dnithe . -
establ i shin £361h PRt abRf iseRBidN= i 5k ideh- an
equal armuntgmgjg/m\%e%%?ﬁof an@;ﬁ 1 ygl;ggal |§{’Su§e3’%{°n- orﬁ?é%‘?gﬁgegfggges,

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.

[0039] In another embodiment of the invention, containment zone 16 is l.
provided with product monitoring and cpntfql means 21, Such monitoring means
may include an inf‘;-ared spectrometer for detecting the presence of free -

~ isocyanate groups and a microscopy device for det'ennininglthc size of the
particles. Preferably, the monitoring means are operably connected t-o a
computerii;d control device that functions to adjust processing conditions as

necessary to produce particles of the requisite size.

[0040] The finely divided particulate polyurea powder, comprising from 5 to-
15% of the total weight of base grease, is particularly suitable for fonﬁing
greases and is mixed with a base lubricating oil, comprising from 85 to 95% of
weight of base grease. The base Iubricat.ing fluid and polyurea powder are
together placed in a ponventional greas;: kettle or grcasé 'cqntac'tor.at ambient

temperature where it is dispersed, sheared (milled), mixed and heated to a top



- 12 - The oil was readilysincorporated in the product polyurea w thout any
signs of separation. Exanple 2: [0049] In this exanple a round m x chanber
was used. The anmi ne used was tall ow anm ne which was di ssolved in the

napht heni ¢ oi |l _at 2:1 oil to amne weight ratio. The_dii e was at
21C whil e (ﬁéooyﬁq-’?\’g/oil feed was heated to 32C. Both fgghggé&g?j@q@éd to the
reactor at 1800 psig. The resultant polyurea product had a powdery

consi stency. FT1R anal ysis showed a diisocyanate peak at 2270-1' cm of about
27% tranimttance. As with the product-of Example 1, -this product bl ended
very easily with a grease lubricating oil w thout any sign of oil - -
separation. [0050] Another attenpt wado0made to Manufacture conpletely

reacted powder by using-the'same round m X chanber, the oil to amne ratio
was changed to 1:1.5 and the feed pressure to the .nmx chanber was changed to

1000 psi; fngeratbslld therhhfe anaboRi150P@itd 2950, lodd & slbpspfygnat e peak, and
a ninhydrine test failed to show free am ne establishing conplete reaction.
A sanpl e ofemprraturethentmiliey (horwgenized) wrfosyualinished homogeneiggreass. an o |
typi'cally used in fornulating greases. The oil was readjly incorporated in

t he product pol yurea w thout any 'signs of separation. =~ '

[ 00511 g 14715 oRB!AARRfineh 96E i MeTS peHfomhid bendaalsda8 Ropyes ure of

t he partic e coni paratively differen The prior art fornulation and
manuf act ur imaGefilin MilbHonagenizeo wdéch ismeenmmenipresshee sngedouthe of pol yurea
particles hei sQl,id, conpact and .vary. Ln _size. U S.. Paten . 5,314,982
bna s, phivihe AP arssHon el Sisaertnss, 18 s e freed shnpgdoigh R oror
art.. | n- CoppfinkS90nlysHe/ps8Ppridnitd béxh?ﬁetif&QQn%dr%{éﬁ%fﬁreﬂe%%ﬁieng al so
yary in .. size but, the strUcture of the particle itself is different The
pol yur ea Paillingide¥ice\wp Godiy wdll sagHgw disapthecoussErf manafacturinguf act ured, by
virtue of the Processing described In this patent, are porous

[0042] The entire systcm.or process of 'éreati_ng the polyurea grease is

préferabiy conducted at temperatures less than 350°F. Most préferably, the

entire process sees oﬁly‘ 320°F at tdp temperature for a maximum dwell time of

§ minutes.

[0043] Optionally, typical grease additives such as extreme pressure additives,
rust inhibitors, antiwear compounds and the like may be added to the mixture

" before milling.

[0044] In yet another embodiment of the invention, the finely powdered
¢ polyurea, rafhc;r than packaged, is fed directly to a grease kettle for mixing with

a base oil and forming the mixture into a grease. -

EXAMPLES -

[0045] In the following Examples an air purge gun impingement device sold
by Contrast Equipment Co‘., Kansas Cit)}, MO, was used. The mixing chambers
used were obtai'r‘ned from Glas-Craft .Inc.., Indianapolis, IN, and had either flat,
rectangular or round dispensing patterns. Fourier Transfc;rm Infrared
Spectrometer (“FTIR”) analysis of the reaction was conducted on appropriate

product samples to determine whether the product contained free isocyanate.



and sponge like (foamy cells) in their construction. The lubricating fluid
used in the dilution of the am ne, as exPlained in the exanples presented,.
i s encapsul ated or rather occupy' the interstices of the particle as shown
in Figure 2. As observed . during inpingenent processing, there is no oil
pool i ng ory, 629(?770?‘} Bgn of the polyurea powder from oil dgfigRghoRboigdst er the
powder is na (5’ 2] The pol yurea powder is | ess dense than commercially
avai l abl e prior art polyurea. The pol yurea preferably has a density |ess
than 6.5 I bs/gal, nore preferably I ess than 6 | bs/gal and nost preferably
has a density of less than 5.75 I bs/gal. In addition, the .new po]yurea
powder has a |arger surface are.than prior art polyurea. Preferably,. the
pol yurea powder has a specifié surface” é?ea of nmore than 20 n2/g (measured
by Hg porosinetry), nore preferably 26 n2/g and ‘nost preferably nore than 32
n2/g. [0053]A sh If life study was. conducted. tqQ nonitor, the |ntegr|ty of a
t ypi cal bath’rﬁ' e (el ‘éﬂ!ﬂﬁ%&mﬁ‘%ﬂé‘rpr@%ﬁsqﬂ @Qnm{‘ﬁﬂ}f’eﬁ?e&ﬂﬁ The
observati on HolE general, -t he
pol yur ea po%ﬁé@dg{ﬁ'{ﬁmﬁg}gtgﬁﬁj %mllettéﬁgésq%ﬁgﬁéﬂe e r| t f%ﬁ‘odh&lz mont hs of
st or age, thebﬁtammgactaiammesm ve cal cing and no.i ndr cation visibly or

m croscopically of oil [ eaching fromt he stored powder.. [0054] Regar di ng
gr ease proce55| ng with the inpinged preformed pol yurea powder, the visi bI y
| arge parti iV ledt oken apart, or fragnented, :by the shearing -

devi ses, m-lls and honpbgenizers, used in grease processing. Thus, over, tine
during t he hed46]0r eathiz qoneestiventxamplo the mattipn thamberhiad # flat hﬁximgss be‘comes

t hi cker and re grease like as ti nd .t enper at u ncrease. over the
cour se of tl‘ig}i)‘ﬁg CBRINGAReH Res Y IRROHH aEuEe, and[%esisrfoex%@g%u 2% t h
pol yur ea usiyng h)%lt&ﬁe BRMeAPIEAO Ay ah Al PHE GrificB UPARKIEL B5r (h{abl farks UGS ! he

different properties ‘of two “pel.yui ea greasres. Sanple Ais a-grease
made wi t h: cO7dninchesdndob042iirchenraspbétifely. Thereactants. wezermlamlﬁems a grease

made Wth new poI d w.th new pethod. As..,sho 2, Sample A
Tade. i 1 ¢ Fabaeee G LD i atbaven S aS: raRn ChpbPeeuiTafe o oher
honogeni zat kpfni £5&ioh8s tHedhaRive? cREBEdpenet ration properties. Sanple B

shows i nmproved properties using the new nmethod of producing grease TABLE
2: Properties of the Polyurea Grease SAMPLE A B TEST®
Comparative Example 2;

[0047] The procedﬁre of Cbmpérative Example 1 was.follov_vc_d except a round
mix chamber was used, and the pressure for each component was 1,0_00 p.sig.'

After about 3 seconds the chamber became clogged. -

Example 1:

[0048] In this example a round mix chamber reaction chamber was employed. |
The orifice diameter for the amine feed was 0.109 inches, while the orifice | '

diameter fdr the diisocyanate was 0.052 inches. The cyclohexyl amine was

dissolved in a naphthenic oil havmg a kinematic v1sc051ty @ 409C of 143.21
c¢St. The weight ratio of oil to amine was 1:1.2. Both the amme/ml 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 copsistency ofa
ﬁnely divided polyurea p;owdcr in which the diluent oil was dispersed. FTIR
analysis failed to show a diisocyanate peék, and a ninhydrine test failed to show
free amine establishing coinplete reaction. A sample of the product was mixed

with-an equal amount by weight of an oil typically used in formulating gi-easgs.



Honogeni zati on pressure @000 psig 1500 psig Cook tenp, F 400 320
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The oil was readily incorporated in the product i)olyurea without any signs of

separation.

'Example 2:

: [6049] In this examp]e.a round mix chamber was ps-ed. 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. T-he resultant polyurea’
o p'rodu.ct had a powdery consistency. FTIR analysis showed a ;iiisocyanate peak

at 2270'1 cm of about 27% transmittance. As with the product-of Example l
thls product blended very casily w1th a grease lubncatmg oil without any sign of '

oil separation.

[0050] Another attempt was niade to manufacture completely reacted pewder
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 ninhydrin'e 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

formulatlng greases The otl was readily mcorporated in the product polyurea

without any signs of separatlon.

[0051] An imponaht.aspect regard'ing prior art is that the structure of the .
particles are comparatively different. The prior art formulation and '
manufacturing 'o‘f 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 partécle itself is different. The polyurea particles



Thi ckener content, % 12% 12% Appear ance snoot h dark brown snooth |ight
br own .
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manufactured by virtue of the processmg described in this patent are porous.

and sponge like (foamy cells) in their construction. The lubncatmg fluid used in . -
the dilution of the amine, as explained in the examples presented is encapsulatcd

or rather occupy the interstices of the particle as shown in Figure 2. As observed .-
during impingemerit processing, there is no oil pooling or sepasétipn of the

pelyﬁrea powder from oil during or after the powder is made.

[0052] The polyurea powdef is less dense than commercielly available .
prior art polyurea. The polyurea preferably has a density less than 6.5-1bs/gal,
more preferably less than 6 Ibs/gal and most preferably has a densaty of less than _
5.5 lbs/gal In addltlon the new polyurea powder has a larger surface are than '
prior art polyu:ea Preferably, the polyurea powder has-a specific surface area of
more than 20 mz/g (measured by Hg porosnnetry), more preferably 26'm%g and

most preferably more than 32 m /g

[0053] A shelf life study was conducted to monitor the integrity of a
typical batch of impinged polyurea powder over a l2 month periocl. The
observations made li'oin the shelf life study are as follows: in general the

| polyurea powder still maintained its orlgmal integrity aﬁer 12 months of storage
there was 51gn of excessive caking and no indication: v1s1bly or m:croscoplcally

" of oil leachmg from the stored powder

[0054] Regardmg grease processing with the lmplnged preformed polyurea
powder; the wsxbly largc part:cles are easily broken apart, or fragmented, by the
shearing devises, mills and homogenizers, used in grease processlng. Thus, over.
time dﬁring the base grease prdcessing pri'er to top temperature, tlle n1ass

~ becomes thicker and more grease like as time and temperature increase over the

" course of the proscribed manufacturmg process.



Penetration Unwor ked 300 294 Worked (60x) 324 292 Extended (10K) 400

WO 2007/087323 PCT/US2007/001813

-14-

[0055] 'Grease made with polyurea using the new method has improved
properties. Table 2 shows the diffe;'ent prdpértigé of the two p'olyul'rca greases. :
Sample A is a giease made with.conventional polyurea and higher pressures. "
Sample B is a grease made with new pélyurca- and thh new ;nethod. As_sho_{wﬁ
in Table 2, Sample A made.with the old prior art method of higher cook .
temperature and higher homogenization pressure. exhibits poor Penetriation
properties. Sample B shows imprpved properties using the new metl:nod of

( o produc:ing grease.

. TABLE 2: Properties of the P'olyux‘éa Grease

SAMPLE A B
TEST ' — ' -
Homogenization pressure @ 6000 psig 1500 psig
Cook temp, °F . 400 . 320
Thickener content, % ' 12% 12%
| smooth dark s.mooth light
-| Appearance . _brown brown
: Penetration - .
\ ~ [Onworked ] 300 294
Worked (60x) “324- | 292
Extended (10K) . - 400 100k = 353 |
Points change (60X to ext) 76 . 65

Dropping Point, °C 254 269



100k = 353 Points change (60X to ext) 76 65 Droppi ng Point, C 254 269 -
15 - CLAI M5

-15 -

CLAIMS

1. A system comprising:

a) a high pressure impingement mixing device chamber for reacting mono-amines
and isocyanates in the presence of a liquid diluent that is not to the mono-amines and
isocyanates;

b) pumps suitable for feeding the mono-amines and isocyanates and liquid
diluents into the high pressure impingement mixing device;

¢) an orifice on the high pressure mixing device chamber for spraying the
particulate polyurea formed by the reaction of mono-amines with isocyanates, the orifice

diameter from about 0.030 to 0.150 inches.

2. The system of Claim 1 wherein the liquid diluent is simultaneously mixed with
the mono-amines and isocyanates wherein each component exhibits substantially similar

densities.

3. The system of Claim 1 wherein the mono-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.

4. The system of Claim | wherein the particles are passed through a containment

zone equipped with FTIR monitoring means.
5. The system of Claim 1 including process control means operably connected to
the a monitoring means for adjusting processing conditions when necessary to maintain

substantially complete reaction.

6. A system for preparing polyurea grease comprising:



1. A system conprising: a) a high pressure inpingenent m xing device
chanber for reacting nono-am nes and isocyanates in the presence of a liquid

diluent that is not to the nono-am nes and i socyanat es; b) punps
suitable for feeding the nono-am nes and i socyanates and liquid diluents
into the high pressure inpingenent m xijgg devi ce; c) an orifice on the

hi gh pressure m xi ng devi ce chanber for spraying the particul ate pol yurea
formed by the reaction of nono-anm nes with isocyanates, the orifice diameter
from about 0. 030mthsTordHnpiAg ARHo-amines and isolhehabedSh &8 Réseht@ba dquiper ei n t he
liquid diluent is sinultaneously m xed with the nono-am nes and i socyanates
wher ei n edtdnent ¢hap oriaent tce&lmlmﬂrtosarmubtsmdnsqcaawessnmmgh prensé impiggement 3,

e e e T I
t enper at ugep JacTalel AR QQ&% ure above
about 500 pngu%%irag(lgjﬁh r3§g¥or (ltljh @Gc%(% e egsh?/\sq'ia ﬁqﬁe?)f Claiml
wher ei n t benspsric of @ poader mﬂaﬁ&dudhmmmghsalspamcal nnment zone equi pped with
FTI R noni toring neans, .. The system of C aim1 including process
control means Bp@eawifgr Er@ﬁfﬁé@géhp plyyraeansd alvRrieding il indaneceeng aesselst i ng

pr ocessi ng condl ssary to maintain substantially conplete

on. e R B SE RS o

reaction. ring pol yurea grease conprising: - 16 -

a. means fOf PUNAEdd fGﬂﬂﬂhﬁgﬂH&?ﬁo@QQd'p‘é%}’e%rhﬁﬂ%ric@nﬁ%@l Bf #pREGee REs a |1 qui d
diluent that is inert to the nono-am nes and i socyanates in a high-pressure
i npi ngemetitaniZi0RO pgj; devi ce chanber vm th an orifice, the orifice dianeter from

about 0.030 to 0. 150\;1 nches under conditions suffl CI ent to groduce a
pol yurea conpofnde#fPnepoling t §?e§§ YU5¢2 1 TRRARY A4S whi ch di | uent is
di sper sed,; b. neans for processing the polyurea and a lubricating oil

in a processing vessel at tenperatures |less than 350 F;
7. The system of claim 6 further comprising means for additizing the grease to

achieve favorable properties.

8. The system of Claim 6 wherein the liquid diluent is simultaneously mixed with
the amines and isocyanates wherein each component exhibits substantially similar

densities.

9. The system of Claim 6 wherein the system has a top temperature of below

350°F and a maximum dwell time of 5 minutes.

10. The system of Claim 6 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.

11, The system of Claim 6 wherein the particles are passed through a containment

zone equipped with FTIR monitoring means.



c. neans for mlling the processed polyurea and lubricating oil at a
pressure | ess than 2000 psi; d. neans for cooling the processed

pol yurea to form pol yurea grease. 7. The systemof claim6 further
conprising nmeans for additizing the grease to achieve favorabl e properties.
8. The systemof Caim6 wherein the Liguid diluent is simultaneously m xed
with the am nes and i socyanates wherein each conponent exhibits

substantially simlar densities. 9. The system of Claim6 wherein the
system has a t op. Tiergysteai ofidaind 6 helwaiin BHroEesaoonteol ieansuperabig lcbniderd tof 5
m nut es. 10. The system of Claim6 wherein the amnes and isocyanates

are fed t&etareonifgsingdaeass forcadiysting prpcessing condisionpwhen pgrgsparytomaiptagbout 2: 1,
at a terrperbas%alﬂ[ifalllpiF nontlr]e range of about OC to about 100C and a pressure above
olitely

about SOOS%Sl g CEdSAHSP orifices havi ng an orifice of from about

0.030 to about 0.1009. 11. The systemof Claim6 wherein the particles
are passed through a contai nnment zone equi pped with FTIR nonitoring neans.

- 17 - 123. ThHessystgsit afi8]arin Ciwdierwibthie podaashied gohynoresd ldeitatiog oilreans
operably connected to the.a nonitoring neans for adjusting processing

condi ti on¥! @%S@’@gﬁ??‘lﬁﬁg ABIYONSS n substantial |y conpl ete reaction.

13. The systemof Claim6 wherein the processed pol yurea and | ubricating oil
utilizes the means for mlling only once. 14. A device for making a

particul ate polyus davie© i afdkingopLaEMite poRUrea compoditioRBompRiiAgeNent react or
a. an impingement reactor
b. pumps suitable for feeding a solution of a mono-amine and a liquid diluent that
is inert to mono-amines and isocyanines into the impingement reactor (mix chamber)
while feeding a isocyanine into the impingement reactor;
¢. an orifice on the impingement reactor for spraying the particulate polyurea
formed by the reaction of isocyanine with the solution, the orifice diameter from about

0.030 to 0.150 inches.

15. The device of claim 14 wherein the pumps are designed to feed individual

component or component solutions at pressures of from about 1000 psi to about 1800

psi.

16. The device of claim 14 wherein the impingement reactor is kept at

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

17. A device for forming a grease comprising;
a) a high pressure impingement mixing device chamber for reacting mono-amines
and isocyanates in the presence of a liquid diluent that is inert to the mono-amines and

1socyanates;

b) pumps suitable for feeding the mono-amines and isocyanates and liquid

diluents into the high pressure impingement mixing device;



b. punps suitable for feeding a solution of a nono-amne and a liquid
diluent that is inert to nono-am nes and isocyanines into the inpingenent
reactor (m x chanber) while feeding a i socyanine into the inpingenment

reactor; c. an orifice on the inpingenent reactor for spraying the
particul ate pol yurea formed by the reaggion of isocyanine with the sol ution,
the orifice dianmeter fromabout 0.030 to 0.150 inches. 15. The device

of claim 14 wherein the punps are designed to feed individual conmponent or

conponent sol ut} anerifide dir ths hlghgsesiirefniieingaleoitt cAiifiBerdsi sproyimbthiat 1800 psi .
16. The device of claim 14 wherein the inpingenment reactor is kept at
t enper at upasichlaternpdyuremigemed by hernrashion of meuoamingsovith Begyanates, the efifidece f or

form ng a.grease conprising: . a high pressure inpingenent m xing
devi ce chgﬁﬁbe er?@fnﬁoélé@ioﬁgt%ﬁggﬁ%ﬁes and i socyanates in the presence of a

liquid diluent that is inert to the nono-am nes and i socyanates; b)
punps suitable for feeding the nono-am nes and i socyanates and |iquid
di l uents into thepticeising essel for mimpigragese hibricatiigng] ateld pdyurea paricle; c)

an orifice on the high pressure m xi ng devi ce chanber for spraying the
particul ate pol yurea fornmed by the reaction of nono-am nes wi th isocyanates,
the orifice di @ﬂ%&ﬁ{s Ifﬁ’éé}lﬁg Qmﬂégfﬁ %11(%38;)%; R8BS0 a tem rat‘a%el?ltﬁ)é ocessi ng
vessel for mxi’ng a base Fcat i ng 0| yurea pa? e)
means f or rda@abf Mebut NS0T tetabbet UfseOagrl oi | and poI yurea to a tenperature in

t he range of about 150C to about 175C, and O amlling device for
mlling the heated m xture to form a honbgeni zed grease at a pressure |ess

than 2000 psi. f) a milling device for milling the heated mixture to form a homogenized grease

at a pressure less than 2000 psi.



