MANUFACTURI NG DEVI CE AND SYSTEM FOR PREPARI NG FI NE
POADER POLYUREA AND GREASES THEREFROM FI ELD OF THE

WO MERRI3CN [ 0001] The present invention rel at eBCT/US100E001813
manuf act ure of pol yurea powder and the manufacture of
greases therefrom BACKGROUND OF THE | NVENTI ON [ 0002]
I ndustrial lubricating greases are honbgeneous

products of sem -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 determ nant of

the praoperties of the gr eases.
coRdANBEACTURING DEMICH, ANI:S
_greases. ROW VRIS
dlrectly in the base 0|I by the reaction of- anjines
wi th i socyanat es. [0004] One nethod to test the

per f ormance of greases is cone penetration and

K7 bricating greases through ASTM .
LY I\]‘lilfld‘l}ll‘ed wei ght is.allowed to.fall

j “a lubri cat i-ni rease sarrp at 25C. The .depth of .
Hi}bh oﬁb“" preSepRention Lelatas tPﬁE? sanudactirg pEpobysea powder
mmé&snﬁ&ca&eyfgrgés%@%ﬁmﬁm the use of Table 1,

the NLG grade grease 1S |dent|f|edfromthe 60
stroke wor ked penetratl on. Table 1: NLA dassification

) ] be.used to determ ne the

----- HaHEearo LS Lk, aNdd@hbe through. prol onged

morkln% such as 10 OOO of nore doubl e strokes using

[08@2] Industrial lubncatlng greases are homogeneous products of s semi- lquId

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 sngmﬁcant determmant

of the propertles of the greases

[00603] 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 Iubrlcatmg 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



notori zed grease worker. \Wile cone penetrations are
typically conducted at 25C, neasurenents can be
w@a0o7iogtd2dut at ot her tenperatures. About 300 PECEHDS2007/001813
grease are required to conduct the ASTM D217 test.
ASTM net hod D1403, DIN 5 1 804, and I P 310 descri be
cone penetration equi pment commonly referred to as 1/2
and 1/4 scal e -devices for use when | ess than 300 grans
of grease are avail abl e. [ooog; Dr oppi ng poi nt of.
| ubri‘cating greases is used td deternine high
tenperature Structural grease properties related to
the thickener.. In _ASTM D2265, the droppi ng point of a
| ubri cati nd Aleds NLGLGlassifigation Bealeat whi ch t he

t hi ckg Q1T OT ot thesasesort—Sone of the
reasqﬁgﬂg‘:ég‘gﬁgno I %ﬁ%@ﬁ&oﬁi&%%?‘&tﬁwfﬂt he -
t hi ckener has nelted or the oil has becone sq|thin it

“is ngt_held by the fihickener. Grease is placed in a
smal || @%b and heat eq 448-415 oven- |.i ke device. \hen a

-dr op tof—ott+—fFatH-s—emthetower—epeni-nes—the]{ dr.oppi ng
poi ntldcﬂ‘t he grease i gopfﬁghl ated usi-ng- the o
tenpgfat ures i n.tne [g¥ggyd | Nsi de the cup. poap of
pol yner_t hi ckened_gneases denonstrate a dropping point
whi | ¢ 1i norgani c thi¢Bé0e340 such as clay or gr aﬁphi te

: j j Pat ent

may ret—ha#e—a—dmp{u—ng—c-zpm-m.—[-aaal}_m_u.&_
5,3.12 982 there is|dPb .%Ss,ed a process for mlikiAng-

pol yyrea greases by [EhRSizqraki mg—adry potyurga

conpq l]o’nd. Then t he (:g?ng(?usrgd IS pulverized to ¢ive
powders having partiqlzesosn the 100 t.o 400 m ¢ron
rangé.—Thereafter & paste of the powder and base oil"

i s heated, cool ed a|1d3ﬁo'rﬁ$beni zed in a high plessure

hono press f—466—t0—1560—bar—] 0008] In
U. Sj EPatent -6, 498, ng?gzs‘fa grease having | ow|noi se

characteristics

14

[OQOS] This test can be uséd to determine the mechanical stability of a grease
through proldngéd working, such as 10,000 or ﬁore 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 pénetration equipment commonly referred
to as 1/2 and 1/4 scale devices for use when. less-than 300 grams of grease are

qvailable.

[0006] Dropping point ;)f lubricating gl"eases is used td determine high
temperature structural gréase properties related to the thickener. In ASTM .
D2265, the dropping point of a lubricaﬁng grease is the temperature at whi.ch the
thickeﬁer 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



I's made by shearing a base oil and thickener to reduce
the thickener particles bel ow about 500 mcrons in

W@ @e/0813e3 t hi s | nstance honobgeni zation i s achi BUBUSAED7/001813
about 2000 psi. [0009] Both the above nentioned
patents show the desirability of using polyurea of
smal |l particle size. They also illustrate that the
.condi tions under which the. pol yurea particles-are
prepared i npatt subsequent processi.ng conditions such
as the honogeni zation step in3grease formng. [0010]
User demand for pol yurea greases has .been increasing
‘steadi | y;" however; manufacturing such greases has been-

the geeadefis caldulated dasmgomesempemﬁfesanmabaenta@ndtlhgxde the cup.
manuf act ure of other greases. [0011] One of the .-

Seaprarcrelymes thickened sseases fiﬁr@owrytwedr@mag @s)mtswhlle morgamc e
t i t I . . .
R khor A B ERRISE A 5BE YR boRbBleooiag. 1 <
readi l'y dispersible.in a lubricating base oil.. [0012]
(0667 dIRY. %, PRfs 8 1%098?{11&@% @fs@ﬁ%@& al proRBL V\gﬂ- xhékxhg

provi de a process for naking fine polyurea po :
pmﬂjnh'ea tgredses hyeflirst malehg ardry gpod)yuwal ommpcmrrtg ']I‘}wrghe compound

? R %h%"é‘ﬂ‘t’?féi{r%ioéfvé%méaénéﬁvgt es folt b 40 guicron range.

gﬁﬁgﬁg on
an |ndust ?’%a?é%fg@] an %ﬁatwggsﬁ? g?n%g@g%%gﬁﬂder '

hstrmgwnzbct;meahfg}hplmgml Imm@gmnmh ati pressurf901£4D0 Yol 500 bar.
anot her object of the invention is to provide an :
aring pol yurea gr eases t hus .

i mproved_net hod for : |
[‘gﬂr&lt | {p Ue&é’arfglttqa‘ég&ulgfl Bha greass)haydng dpwinaise ﬁharacterlstlcs
15'%'&% %‘3}1 éﬂéapiglgvﬂ f)gken&f‘tan@ #iBREn Y to 1%86}59% ﬁﬁckener particles .

below about 500 microns in size. In this instance homogemzatlon is achieved at

about 2000 psi.

[0009]- Both the above mentioned patents show the desirability of usiﬁg .
polyurea of small particle size. They also illustrate that the conditions under
which the polyurea particles are prepared imp)act 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 difﬁcult and expensive

when compared to the manufacture of other greases.

[001 1] One of the di_fﬁ'cult:ies in manufacturing polyurea greases is coﬁsistently
obtaining on an industrial scale substantially uniformly fine polyurea poy{rder

that is readily dispersible in a lubricating base oil.

[0012] Accordingly, one 6bjeqt of the present invention is to provide a process
for making fine polyurea powder without the need for shearing or pulverizing

large polyurea particles.



[ 0015] These and ot her objects of the invention wll

becone nore apparent fromthe foll ow ng description.
WEINMOSRS230F THE | NVENTI ON [ 0016] Broadl y st at eRICT/US2007/001813

pol yurea conpounds are prepared by reacting am nes and

i socyanates in the presence of a liquid diluent in a

hi gh- pressure i npi ngenent m xi ng devi ce under

condi tions sufficient to produce polyurea conpounds

havi ng the consistency of a powder and in which .

di luent is dispersed. [0017]'ﬁ$'enbod|nent of the

i nvention conprises:passing the powder forned through

a contai nnent zone having means for.- nonitoring and

controlling the process. [0018] O her enbodi nents and

@98}t sAnéther bbject efithd inventibe if o pwidg as?‘bedzdse%r making fine

descrlptlon BRI EF DESCRI PTI ON OF THE DRAW NG'[ 0019

rowdersdpq xuréadqoagmmdﬁwhm crmcbﬁ practieed ea aasmustnal scale and

A A PR L o R TSRO 8L .

.\‘/vashed free of lubricati ng medl um DETAI LED. '
' [PE@@F' Pﬁét@ﬂo@erﬂﬂ%&t@ﬁ“@h@éﬂtﬂﬁ?x&]to ol & ﬁﬁgf&fed%ethod -

he 1 nvention prifmary am.nes and i socyanates ar
fios prepati rtg)pcplommqogts}msaﬁlus @rpatipnosiuci i 1] risk éhmdﬁsassoclated

. ncl-ud hat | c licyclic, aro tlc am nes and
191’??’31‘1’%3&?“%( ﬁe@g ?4%%05%30% fBno ami nes i ncl ude
pentyl am ne, hexyl am ne,

[0015] These and other obJects of the irivention will become more apparent

from the following descr1pt10n.~

SUMMARY OF THE INVENTION

[0016] Broadly stated, polyurea compounds are prépared 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 comprisés passing the powder formed
through a containment zone having means for monitoring and controlling the

process.

[0018] Other embodlments 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.



heptyl am ne, octyl am ne, dodecyl am ne,
cycl ohexyl am ne, benzyl am ne, aniline, diames and the
wo pdog/08730023] Suitabl e i socyanates are sel ect eRICT/D82007/001813

the group consisting of polyisocyanate,

nonoi socyanate, and diisocyanate, and any conbi nation
thereof. Preferably, a diisocyanate is used.

Furthernore the i'socyanate conponent may be aliphatic
or aromatic and preferably is selected from an

aromati c diisocyanate or mxt8res of aromatic

di i socyanates. Exanples of such diisocyanates ‘are

" phenyl ene diisocyanate, tol uene di’i socyanate, ..
[0820]y | Bigurd 2k ermiczophatiogsaplyafiapelyarda pheidle keade by

i cal l the am nes a nates are, reacted.in

i frigemigntpeogissgbashed frep SAIRARCETE BRgihant or -

[0024] In one enbodiment, A systemis created for

Dgrﬁ&g em conpri sing a

i To— T SOC ates in the
re e of a I|q diluent in a hlgh pressure
(f) i g@mprﬁ?&%ﬁ SWPU@H%% erme%mmm@ﬁ@néqumnems are
Q)d%ﬁ.‘ ﬁﬁr%ound havi ng t he consi st-ency
reta?télf erﬁ()lﬁ@}é/dj&\%ﬂps | uent is dispersed.. The .
i mpi ngenent m xi ng device reacts two or nore

[O02ZPOITER amiAekeinchirledliptaitic, RiiBycIRy, asswhfic bitiaed 'ana mlxtures
m xi ng chanber (spray-head) dispensing the material
themfz %]xamplashgf plech mepedinvings includg peatylaming hepylamine,

hi el AESTAHS GRES Ehtipe el Thmire, Biody panige, anilne,

diantrieguind thiellk@nt in a high- pressure i mpi ngenent m Xi ng
devi ce under conditions sufficient to produce a.

pol'yur ea conpound having the consi stency of a powder.
[0823] i rBuitablé isvicyamatts axe skilegted feain the grsupf oonsisting of

rocess t he
pcﬁylsocyan'cﬂg mono?socyanate and’ dusocyanate and any comblnatlon thereof.

Preferably, a diisocyanate is used. Furthermore, the isocyanate 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 one embodiment, A system is created for preparing jaolyurea
compounds. The system comprising a chamber for reacting amines and
isocyanates in the presence of a liquid diluent in a high-pfessure impingement'
mixing device under conditions sufficient to produce a polyurea compound.
havmg the con51stency of a powder and in Wthh dlluent is dlspersed The
1mpmgement mixing device reacts two or more components under relatxvely

high pressure through a m1x1ng chamber (spray-head) dispensing the matenal



and a lubricating oil in a processing vessel at
tenperatures |l ess than 350 OF, neans for mlling the
w@e@cessesl pol yurea and lubricating oil at a prerpES2087/001813
| ess than 2000 psi, and nmeans for cooling the
processed polyurea to form pol yurea grease.
Optionally, this system may have neans for additizing
the grease to-achieve favorable properties.” [0026] In
the invention an am ne and i sqQcyanate is reacted .in
the presence of a liquid di | &t 'in a hi gh- pressure -
i npi ngenment. m xi ng device such as inpi ngenment device-
10.shown in Figure 1. In one enbodinent of this
[09221nt [nanother guhodimgnb & SygicridRl Prpparivarpolyutea grease is
[yur C IRy i Elized: . This. devi ce L .
Rt T IR bkl ottt for fipoing HiuleS pnilispeyangies inthe
preraceora Isqhidtdifien®in amhi@iiphessafe IHPRLIAAR idh@device under
“lubricating nediumar solvent into. an.inpingenent C
copdittans suffigicoh drbeeduogta palyhieeadéamgpeund bayug the donsistency of
-t he i npi hgenent .reactqr., .an orifice on the: inpingenent -
- B B et] FRGe e ofbefied, ke Jor pieeibipgigaoiyurea
ahil atl0BriceBAf 0MNn0d ptREMAR VRSsdMat PerhPErap@ed1EQ than 350 °F,
[0027] In another enbodi ment, a device for ‘making
mpaagJer milling thezprocessedpalypwice anddmpricating @ibatacpessurg less

oMb P o R RGeS Cheiria b oy potyurea
o LD P e B A e [ AR PP oo 0

aghieve figvanablepropstties. xt ure t o f orm a_honogeni zed
grease at tenperatures |ess than 2000 psi. The-device
maki ng pol yurea and for maki ng grease can be conbi ned

[0 Oihetheawiv 68O af a8 ah8Geddyahe Isi @HERaqh!tHE Blesence of a
1i§£r1% c?i¥x$edntli2‘at Qi%h%raecs:;;;rg ?m%fingtergeftrriisﬁgg dler\]/\i/c?enétllc?lnasl >
impingement device 10 shown in'Figure 1_.' In one embodiment of this
invention, a novel device for making a particulate polyurea composition is
utilized. ‘This device comprises an impingement reactor, pumps suitable for
feeding a solutiqn of an amine or isocyanate and a lubricating medium or solvent
into an impingement reactor (mif{ chamber) while feeding a isocyanine into the .
impingement reactor, an driﬁce pﬁ the ifn‘pinger‘nent reactor for spraying the

particulate polyurea formed by the reaction (:)f isocyanine with the solution. "

[0027] In another émbodiment,, a device for making grease is utilized. 'i’his
device comprises a processing vessel for rhixfng a base lubricating oil anﬂ 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 milling device
for rhilling the heated mixtufe to form a homogenized grease at tefnperatures less
than 2000 psi. The device making polyurea and for making grease can be

. combined into one device or system.



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

and is conpatible with the conponents of any end
wWee@dog12i o be forned fromthe pol yurea. Thus, PE€TIUS2007/001813

i nstances where the polyurea product is to be used as

a grease thickener, a lubricating base oil suitable to

gr ease fornulatlons is a preferred diluent.

Additionally, it is.preferred that the am ne or .. .

'polyisocyanafe be readily soluble in the-diluent. In

general, it is preferred to diSSotve the amine in a

base oil and preferably naphthenic, paraffnlc PAO

| mj gp?eo S'zryéif‘g‘ i %‘Q&@%ﬁ‘é‘io?g@ llj’gﬁgef'l;'lfarégm o present invention is -
b Wi h§‘{‘% thib mlhé{&gqf@%q Nag%[eﬁ and js %E»ﬁﬁo%@ﬁge With the

vents t are conpa
mrrpomn faan dnd prod firkdeantr n{%g;?dl n
of dil ueﬁts) S§Zd [ smﬁogcgfg)s% utely. C?I tic gn%'% mg f "
igsiseses vdere E@rm@wr@mmcumg ha;esledoam gteasy tbi‘ckbher a.
{ uent
IBPAEAEAE bafe Sl sulBICHY iBaldrorBnetionis dpisteaen uent
Addmmnaﬂyl hds gird foerat]. th&tgt@eramrhe%rqidlyﬁ% éﬁat@% readily soluble

jected to just am ne dal one but can be conb
Hg © dilyeyta fngenensl, it dsprefened te idissol ﬂ}memnmanwsbwlsd 6il and

ﬂempyq}aggnﬁ&% B Pt AR S48t agggmbe used
shrdulailpor g CoRbiANPGH ad B%ﬁl@ﬂ?f&e&ﬁieﬁ% lHélVE#\Fdlly or

socyanat e or polyisocyanate -dil uent co |nat
sirﬁgf %@g@xs\l,ghe EQ, q%gmwé@m b@s@sd)lvsetsaheﬂamcoinpa&hﬂg With either

o of..oil to am.ne wll be - o
Ogggfjﬁ%%mt%&ggggﬁég{jﬁ%ug?%ﬁ%ﬁf IE)?B%H ence has shown
thdat in the absence -of diluent, the inpingenent.

[0029] © The amount of diluent used is not absolutely critical and w111 depend to

~ a certain extent upon the solublllly of the reactant, e.g., the amme in the dlluent
-Indeed, in the present mventlon it is preferred to dissolve the amme in-the
diluent. Again, the diluent is not subjected to just amine alone but can be
combined with the isocyanate. At least sufficient diluént is used to dissolve .
(disperse) the amine, and preferably, the amount of diluent will b.e sﬁfﬁcient to

 provide a solution having about the same density as that of the 1socyanate or
polylsocyanate — 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 dlluent the i xmpmgement
device plugs almost 1mmed1ately, and the polyurea formed typlcally has a
31gn1ﬁcant amount of unreacted i 1socyanate groups, a result whlch isnot

desirable.



devi ce plugs al nost i mredi ately, and the pol yurea

formed typically has a significant anount of unreacted
WO s@ecypsasat e groups, a result which is not PCT/US2007/001813

desirabl e.[0031] Referring to the Figure 1, isocyanate

contained in vessel 11 is fed via line 12 to

i npi ngenent device 10, while primary am ne and dil uent

contained in -vessel 14 is fed via line.15 to "

I npi ngenment device 10. [0032] Means (not shown) which

are typically punps are provi‘o%d for regulating the -

flow of reactants fromtheir respective vessels

t hrough orifices in the inpi'ngenent devicée 10 (mx

[©93dD e Befahing ta the Kigepo hersosyanateicoptaigediiranessel 11 is fed via

. d. ..[0033], Th ctants a fed.to i ' t . .
5 T80 mpinasrettdrers [omybie poan nind FUPeR catsained in
&Hseéxumsafmixqf&a1s:9ﬁﬁﬂ§ﬁ%eﬁmﬂeytd%emz.onsI stency of -

-a powder and in which diluent 1s dispersed. The fluid
conposition of the solution or emul sion can be from

@032} tMvednsl(dut shewahtwltithdird wasitally pagifsaie provided for
" presented in Lazer Light Scattering.analysis performed L
regplaime; the flow jof seaptamts fromit their respretivs| kassela thxnmgbuerifices in
il G L kgl ' 10 1 wth . .-
e itngfRERALCIRAEL 18 (R3S TRHRRE) St for o EARRS sid bpinged
dritbdeatcrgdact the size OF the particles produced incl-ude
the reactor orifice size (dinensions of the mx-

éhanber%, flow rates, pressure,-individual conponent
[0033Ekr rgagladts argded e impinghment dévies 10 (088 chatnber) under

cf lg?iﬂ&ér?staﬁgg%geéé 2«? pg(gtﬁ?cggg%bgl_y%?ga E:ngip%%lnld)flaiv?ngt B?e ggAs?stency 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 fo component. As
presented in Lazer Light Scattering ahalysis performéd for particle size
determination, the polyurea compound will comprise particles between 700 to 10

microns with a'standard size being 200 microns.

[0034] Conditions that impact the size of the particles produced include the
reactor orifice size (dimensions of the mix chamber), flow rates, pressure,

individual component temperature and reactant residence time.

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

described aboye. :

[003'6] The reactor orifice size for the amine and diluent and isocyanates
typically will be different.from that for the diisocyanate and generélly will be
chosen for facilitating the metering of fhe reactants in the appropriate mole ratio.
Typically, the reactor orifice diamefer will range from about 0.030 to about
0.150 inches; however, the reactor orifice diameter for the amine/diluent feed

generally will be larger than that for the isocyante.



[0036] The reactor orifice size for the am ne and
di luent and isocyanates typically will be different

wo e@mos1zas for the diisocyanate and general |y ®T/0S1967/001813
chosen for facilitating the nmetering of the reactants
in the appropriate nole ratio. Typically, the reactor
orifice dianeter will range from about 0.03.0 to about
'0.150 inches; however, the reactor orifice dianmeter .-
for the an1ne/dlluent f eed ge%erally will be Iarger
than that for the isocyante.[#037] The pressure at -
which the reactants are fed into the- |np|ngenent
“devi ce typlcally wi || be above 500 psig and preferably
1000 psig to 1800 psig, while the tenperature at which -
[0037] affbefmdssmy at wihgeh theoreastants argdiedivteathoumpiogegent device

oy SHET B2 AYare”SuhBeloins BTREREN B B2l IO ik Site e
té’rg})Hfﬁure‘ attwhichAREY fak & fedlfinlyGingl it aBbt 6*@@8%0& f60°C and

ust ment of which'is wel he ski |
prcﬂi@tabigr24°ﬁ3 toh®5°«?.t The B@s88int rcsxdcrmeemmds meﬁuhctlhn off iregctant

ered .pol yurea, forned in i erren evice 10
el T e@ﬁfifis Ok S Blime rhretneckibt AGER T SW. Ghappher, the
aﬁ_pﬂs E; f mﬂcl?%@lmﬂﬁ% tﬁ@@ﬁllf-@f HR%uliRefiihe art. '
y I's equl pped wth an antistati-c. device. 17.

The f| nely divided powdered pol yurea then may be

[o038]eclie@nerntbotimeny tHe it poswietadpdBuired felehdd/BY Hnﬁlﬁgement
hop er 19 fromwhiech it can be automatically fed to.

sm@algl fallsthreughhp coptainment zane b@g@ sheywnds the Figare 1. The .
: cbh mkﬂpg’(? e 5@ ngﬁd?)ow dé i ﬁ{l &&J&? vk'{m%ﬂtdnqgtatlc dev1ce-

con a nnmen zone

lﬂD‘m'hb diriety divided @@Wdﬂredrpal}&xr&i thepigia %'m&wdtéw offeadthveyer
i nclude_ an infrared spectroneter detecting the

bskéyéﬁe;eze 1§tfor deliverydeyhanmes 19rfsomswhith i candecadepptically fed
1 5 mAELET 5, Vudl atshﬁaéé %%x% ok e like.

[0039] In another embodiment of the invention, containment zone 1.6.is 1
provided with product monitoring and cpntfql means 21.-Such monitoring means
may include an infrared spectrometer for detecting the presence of free ’

~ isocyanate groups and a microscopy device for defermining the size of the
particles. Preferably, the monitoring means are operably connected fo a
computerizk;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 forrﬁing
greases and is mixed with a base lubricating oil, comprising from 85 to 95% of
weight of base grease. The base lubricaﬁng fluid and polyurea powder are
together placed in a gonventional greasé kettle or greas.e .co,ntac'tor'at ambient

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



particles. Preferably, the nonitoring neans are
operably connected to a conputerized control device

W0 bav/o8sext i ons to adj ust processing conditi onBCEHES2007/001813
necessary to produce particles of the requisite size.
[0040] The finely divided particulate polyurea powder,
conprising from5 to 15% of the total weight of base
grease, is particularly sui-table for formng greases
and is mxed with a base lubrjcating oil, conprising
from85 to 95% of wei ght of ‘e grease. The base
| ubricating fluid and pol yur ea powder are together

pl aced .in a conventional grease ketotl e of grease -
terBRerbITSrindhe samgenf ab sEuoel Tinér €opled to a specified -

B M N T —

cooled to a specified tenperature then mlled
'[éhom)genl zed) to.forma finished honbgenous grease.

QHli1] In eno ambedbwentshe milling mpdrfqrgxectb@mefemiﬁémo 2000 psi

i R R0 F Rl RR it fs SR prss L PRRE R e

ﬂ%ﬁﬂﬁa%ﬁﬁ{)ﬁ ssAreRWNAIpSIFusLaease. | Th 2 ppéRERW &Abodiment, the
enbodi ment,; the mlling is only one pass prior-to
mjling istandy onerpass ipeiorio caspletien. glmaﬁwrsre@slsx the grease sees the

tling.devi ane
e 8PS e indin Gt ag® e tufibihe BRursecs Senifopring
process of creating the polyurea grease is preferably
conducted at tenperatures |ess than 3500F. Most

[HH43] er B 9ntuterﬁy5é¢mmr@rpcwezfs:rsatmg thel polyReSFgmase ip

i GEE]Y bt s o BRI [ e TR0, DA i febaly. the

ethlel TBBeddl SESUbIEly B H MQ6p téHpbratitd! o hiOhixirdii Ran time of
conmpounds and the i ke may be added to.the mxture

5 mmutes

[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 Exafnples an air purge gun impingement device sold
by Contrast Equipment Co., Kansas City, MO, was used. The mixiﬁg chambers
used were obtaiﬁed from Glas-Craft Iné., Indianapolis, IN, and had either flat,
rectangular or round dispensing patterns. Fourier Transfdrm Infrared
Spectrometer (“FTIR”) analysis of the reaction was conducted on appropriate

product samples to determine whether the product contained free isocyanate.



before mlling. [0044] In yet another enbodi nent of
the invention, the finely powdered pol yurea, rather

wo ban/ogaekaged, is fed directly to a grease ker€T/€S5007/001813
m xing with a base oil and formng the mxture into a
grease. EXAMPLES [0045] In the follow ng Exanpl es an
air purge gun inpingenent device sold by Contrast
"Equi prent Co.,, Kansas Gdty, MO was used. The  m xi ng
chanbers used were obtained frgm A as-Craft Inc.
I ndi anapolis, IN, and had either flat, rectangul ar or
round di-spensi ng patterns Fourier. Tr ansform I nfrared

' "ET s.s of th react]

congﬁ:: ”%i%s é‘é%l Lﬁf‘% a‘&é%‘”%%%f‘g'i’ye&‘% O&E{g\é\ﬁ’rﬁ SiP@"tral
pisherhd hﬁn@dxﬂcﬂiﬁhy&ﬂﬁé eesva fhsiused tb TREHAAAL 8F TR0 dIUR

al l ows eval uating a product in process by nbnitoring

¢ogamsdainreactpdaRineThe st andard ni nhydrine test was
used to determine if a product contained unreacted
m ne. Co a’rat'v 2. Exanple 1. [0046] In this
:e the reaction chanber had a:flat .
" m Xing charrber ‘The anmine used was cycl ohexyl ami ne,

[@0d 61 hdndhissmmyparative @xemphamamhybn ichagiben énayllaaﬂaat mixing
reactants.

56 58 Fiof S RASBAD ST niink chpb e SERyAmHe used was
r’hﬁﬁﬁfléf% 8iphRh9leat AEBLGMatt ETREbAIFEiARLtdd Tor ﬁfkﬂre%%geﬁnts were

was fed to the reaction chanber at 700 psig.
362 bnuichestrmddh 84D enchdscrggathhv@@nﬁﬁlateacearﬂ swepe at ambient

temperature (21°C), and each was fed to the reaction chamber at 700 | psig.
Within 5 seconds the chamber clogged.

Comparative Example 2:

[0047] The procedilre of Cdmparative Example 1 was .followe_d except a round
mix chamber was used, and the pressure for each component was 1,0'0'0 pﬁig.‘

After about 3 seconds the chamber became qlogged. '

Example 1:

| [0048] In this example a round mix chamber reaction chafnber 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 v1sc031ty @ 40°C of 143.21
cSt. The weight ratio of oil to amine was 1:1.2. Both the amme/oﬂ 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 con51stency of a
ﬁnely divided polyurea powder in whlch the diluent oil was dispersed. FTIR
analysis failed to show a diisocyanate peak, and a ninhydrine test failed to show
free amine-establishing cdmplete reaction. A sample of the product was mixed

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



[0047] The procedure of Conparative Exanple 1 was
foll owed except a round m x chanber was used, and the
w@e@sssmes f or each conponent was 1, 000 psig. APCEDS2007/001813
about 3 seconds the chanber becane cl ogged. Exanple 1:
[0048] In this exanple a round m x chanber reaction
chanber was enpl oyed. The orifice dianeter for the
am ne feed was 0.109 inches, while the orifice
di aneter for the diisocyanate was O. 052 inches. The
cycl ohexyl am ne was di ssol vettin a napht heni ¢ oi
haV|ng a kinematic viscosity @400C of 143.21 cSt. The .
ht ratio'of oil to aminée was 1:1.2. Both the
Tzhm mbmsuea@éﬁ ingraperatediin Seggradacepskysteavwitbont agy signs of
.Then each were fed to the.inpingenent device
S E%ﬁfpﬂn chanber at 1000 psig. The resultant product
had the consistency of a flnely di vi ded pol yur.ea

Bg(gﬁ@éj n which the diluent oil was dispersed. FTIR
al failed to show a dii socyanate peak, and a
(OO b B Rl RSl B3 BAteE St Themarpaised was
té’ﬂ&\p aflin RUASs Qv e %n%h Bnfd di by % hCRbidto amine

used I n EOFH‘U atl ng greases. The OI "was re

wenghxrqaubaf[‘he dlrsot:ymate odisctt 2460 while the hhﬁue/oalnﬁeedlvgmheated
In this exanp

tq 5%%3 PRoth o ?re é tQ i‘@dl[‘e%%@ Ak 300 méd%sewap@)wplyurea
pﬁfﬂd&‘? h\yﬂtaélige&’ﬁﬁlaﬂécﬁ% & 1P @%ﬂ?& (ROl aohils%é'a?la%e peak

2:1 o0 wej ght ratio I socyanat e

aeziﬂss lV\il‘h'cﬁ‘erB%t anmvaaRithittARd. w@&vhﬁaﬁesr&m&%%ﬁ%ﬂe 1,
f-eeds. were .to the reactor at 1800 psig.
t}nepmdtmttblp@dqd,wga easily w1th a grease lubncatmg 011 w1thout 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 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 mcorporated in the product polyurea

without any signs of separatlon.

[0051] An importaht.aspect regard'ing 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 pﬁor 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



product had a powdery consistency. FTIR analysis
showed a diisocyanate peak at 2270 cm of about 27%

W@ e@nosn3es ance. As with the product of Exanpl epdT/Usivns001813
product bl ended very easily with a grease | ubricating
oil w thout any sign of oil separation. [0050] Another
attenpt was nmade to manufacture conpletely reacted
powder by using the -same round mi x chanber, the oil to .
amine ratio was changed to 1: 1.5 and the ‘feed pressure
to the m x chanber was chang‘e’oato '1000 psi. As a
result, FTIR analysis failed to showa diisocyanate
eak, and a ni nhydrine test failed to show free am ne

P
messnpetnsed, hy sl off hemsaesssing dﬁscsmma this patent, are porous

I t '
o R0k VP R s el e e R i vsea n
thieaitiliyn ol ¢ies BRYiRé,off dxplAiied s ﬁ%léta ngiéé rBSebd hﬁ létncapsulated
any_signs of .separ ‘ati on. 0051] ant. asp

or sathetiPerpmt therinerstices oftthe ptahteclstaswd:m)menmﬁgdre 2 As observed .-

arti.cles are arativ different.. The prior, art,
I N R AR (o SR T
pbB&kikd powaet m)rﬁbtmir&ﬂg%opﬁﬁepiwé%&@d&afstﬂxﬁhés be' ng :

soli.d, compact and vary in size. S. Patent

5 314,982 and U.S. Patent Appl i catl on No. 2006/ 0052261
exanphgs of1 the r-.ant arl son, pol yur ea '
i cl es 0 qu %rrfértf’ssp‘# QOQ}QQBT cyally aygilable -

pﬁbzmlpdx fehe T f@h ﬁxfeféﬂaﬁlypﬁéé 4 a%ﬁm't} ?@égfmgﬂ 6.5 1bs/gal,

di fferent The yurea particlesmanutacture
mgre prrfeggbly rlu@ssgggn éslbslgl ded cnod gaefanablyi lmsrmﬂalimty of Riss than

' r cells) jn their :
503 18V RAL I HOEHE ket ef Bt Pav Bu bia fareensurface are than
prdor art ipolyuital PReRIABIO ﬂ@spcﬁyﬁte@ Wdéﬁhém sPEARR R face area of

presented, ,is encapsuf at ed
more than 20 m%/g (measured by Hg porosxmetry) more preferably 26 m%/g and

most preferably more than 32m /g

[0053] ' A shelf life study was conducted to momtor the mtegrlty of a
typical batch of 1mp1nged polyurea powder over a 12 month perxod The

. observations made from the shelf life study are as follows in general thf:~
polyurea powder still maintained its ongmal integrity aﬁer 12 months of storage,
there was sxgn of excessive caking and no indication: VlSlbly or mlcroscoplcaily

~of il Ieachmg from the stored powder

[0054] Regarding grease processing with the impinged i)_teformed polyurea |
powder, the visiblylérg‘e partioles are easily broken apart, or fragmented, by the
shearing dewses mills and homogenizers, used in grease processmg Thus, over.
time durmg the base grease processing pr1or to top temperature, the mass

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

" course of the proscribed manufacturmg process.



or rather occupy the interstices of the particle as

shown in Figure 2. As observed during inpingenent
w@e@cesseng, there is no oil pooling or separap¢DOSWH7/001813

t he pol yurea powder fromoil during or after the

powder is made. [0052] The polyurea powder is |ess

dense than comercially available prior art polyurea.

The pol yurea -preferably has a density less than 6.5

| bs/gal, nore preferably |ess than 6 | bs/gal and nost |

preferably has a density of ~Il&ss than 5.75 | bs/gal. 1n

addi tion, the new pol yurea powder has a Iarger surface . .

are than prior.-art polyurea. Preferably, 'the pol yur ea
[Oﬁéﬁmeﬁmse masigewithipolgunch asingtheancot mmshed 1hlaa mmzmoved

Prﬁﬁﬁﬁ e S RIS b B3 B 5D G ea ases

Ik
?ieeg Arxl ltb ;egor‘éﬁiéd%h;\gl@?éﬂ? ggit‘igérﬁﬁ)rfa@ Rp%éé% Ellrolg hlgﬁher apressures

Sqmpkd:eB 1smgreaseJJﬁado with pewi ipdyurBaendbsithvew anghoddAs shown

[ f, life st -a as fallo ner al
ingFbTh 21 SaRiie fotnade i Rl paSs hanefida sy BRar cook
e

B oo Ol BRI B GAR pehAlion
propertiwsc ofample B sh‘owx impmeﬂ |p1rgpéntxemutshg ﬁtemewl method of

B V\der&]je0054J Regar di ng ' grease processing with the ,
pr a‘b?‘i‘@ P¥%f or med pol yurea powder, the visibly:large

particles are easily broken apart, or fragmented, by

t he shearing devises, mlls and honogeni zers, used in -

gr eabABlHZeBpipeyties bﬁshe Bobur¢d Geeaber i ng the base

-eaS-e—hr-6eeSSi-Rg pr:nr t ot op—t-enperature, the nass

L'Ehjrl(nr and. nmorle HTPAQPJILF‘ as ]lrre ahd

&S at ure increase over the -
Homogenization pressure @ 6000 psig 1500 psig

Cook temp, °F — [.__400 320
Thickener content, % ‘ 12% 12%
1 smooth dark émooth light

-| Appearance . __brown brown
Penetration o ,

| Unworked . 300 294
Worked (60x) 324 | 292
Extended (10K) - 400 100k = 353 -
Points change (60X to ext) 76 . 65 '

Dropping Point, °C 254 269




course of the proscribed manufacturing process.[0055]
G ease nade with pol yurea using the new net hod has
WO prosBeB properties. Table 2 shows the differeet/us2007/001813
properties of.the two polyurea greases. Sanple Ais a
grease made with conventional pol yurea and hi gher
pressures. Sanple B is a grease made wth new pol yurea
cand with new nethod. As shown in Table 2, .Sanple A
made with the old prior art gﬁt hod - of hi gher cook
t enperature and hi gher honogeni'zati on pressure
exhi bits poor penetration properties: Sanple B shovvs
|rrproved ‘properties using the new nethod of producing
ChAdMS: TABLE 2. Properties. of the -Pol'yurea '
GreaseCLAI VS, 1. A system for preparing pol yurea
conmpounds conprising a chamber for reacting am nes and

I SocyanQkgsteni fdrifepase poBREa dolipduhes dbiﬂpersting A chamber for

hi ghpressure.inpi ngement m xi ng devi ce_under
regghug 1airrun§s gd fisasyenates &n phopesenee pba Jiguic ddoapioisnahigh-

L
P Ee G RERL FuERR s Vied uhd KEndRitnd fushidt i i aradyce a
pdliarda ébmgodndi hating the TofibisteMR VI YoWdELEndvir twﬁ&? diluent is
am nes and . socyanat es wher ei n” each conponent exhib ;

digpgrsedntial |y simlar densities. 3. The-system of
Claim1 wherein the am nes and i socyanates are fed to

he | i d f ab 1:1 -
bout DHASSTRE Elin.] MacslthRe heluid dbest S abmuitanpeusly
mtx%damutthé Q%Ge#AHd ?i’sdé"yﬁﬁe?ﬂéﬁ w&eﬂﬁe&%&m %?erﬁ%ﬁlblts

roug reactor orificés havi ng an orifice rom -

' subbtamxaljy(simdao debhsities. .

3. The system of Claim 1 wherein the amines and .isqcyanates' al-e fed to
the impingement device in a mole ratio of about 1:1 to about 2:1, ata térﬁperé— :
ture 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 abouf 0.030 to about |
0.109. '

4. The system of Claim 1 wherein the particles are bassed through a

containment zone equipped with FTIR monitoring means.

5. The system of Claim 1 including process control means operably’
connected to the monitoring means for adjusting processing conditions when

necessary to maintain substantially complete reaction.

6. A system for preparing polyurea grease comprising:

a. means for pumping amines and isocyanates in the presence of a 11qu1d
diluent in a high-pressure impingement mixing device under conditions
g sufficient to produce a polyurea compound having the con51stency of a powder

and in which diluent is dispersed;



0.109. 4. The systemof Claim1l wherein the particles

are passed through a contai nnent zone equi pped with
wOo-TloRosmed t or i ng means. 5. The system of C ai nPdT/US2007/001813

i ncl udi ng process control neans operably connected to

the nonitoring neans for adjusting processing

condi ti ons when necessary to maintain substantially

conpl ete reaction. 6: A system-for preparing polyurea

grease conprising: a. nmeans for punping am nes and

i socyanates in. the presence of6a liquid diluent in a

hi gh- pressur e i npi ngenent ni xi ng devi ce under

conditions sufficient to produce a pol yurea conpound

havi iy tieans (fmspmcesm;lg dlie polyometeandadubricating bil in a processing
dilyent is d| er.sed aps for processing the:
Vﬁé?‘?jﬁé%f“&ﬁ qsdﬁﬁt@é’t’l 55 g in a processing vessel

tt i ling.
e FRRERLY TS RITER O350 o s EATR ol 500
ppemwtesslthmmﬁalpszooo psi; d. means for cooling the

.processed p éﬂ);ure? to, form pol yurea grease. .7. The -
-~ syst émmany tr cogling the Brocessast PolyMgEaroafosmy pelytrea grease.
additizing the grease to achieve favorable propertles
8. The systemof Caim6 wherein the |iquid diluent is
si nult.anectisé yystemeol slainh 6t fuethericoatprivitly nsany FoAkdditizing the
wherei n each conpaonent exhibits substantially simlar
mltf’laé’gle‘? fa’?‘ﬁé’*@??f‘%ﬁﬁr@f’s Claim6 wherein the.system
has a top tenperature of ,

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

substantially similar densmes

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

below 350°F arid 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 mofe ratio of about 1:1 to about 2:1, at a tempera-
ture in the range of about b"C to about .1.00°C and a pressure above about 500
psig through reactor orifices havihg an orifice of from about 0.030 to about -
0.109.

11. The system of Claim 6 wherein the particles are passed through a A'

contamment zone equ1pped with FTIR monitoring means.

12. The system of Claim 6 including process control means operably
connected to the monitoring means for adjusting processing conditions when

necessary to maintain substantially complete reaction.



bel ow 3500F and a maxi numdwel |l tinme of 5 m nutes. 10.
The systemof Claim6 wherein the am nes and

w0 smecysasat es are fed to the inpingenent devi cePCTUS2007/001813
nole ratio of about 1:1 to about 2:1, at a tenpera
ture in the range of about 00C to about 1000C and a
pressure above about 500 psig through reactor orifices
~having an orifice of from-about 0.030 to about 0.109.
11. The systemof daim®6 vvhe;,zi n the particles are
passed through a contai nnment”z0he equi pped with FTILR
nmoni toring nmeans. 12. The system'of Caim 6 including

" process ,ﬁontrol nmeans operably connected to the- .

moni tlgki 'ge A obf-lain) ;ﬁwhﬁgelwm_p‘sﬁeﬁ@ecbpﬂlﬁmfeamd
86, EE6H et SadH R (O RMTHARI Brick O Pe

processed polyurea and lubricating oil utilizes the SR
meansi 4 o gévick For HHIn® AGRy iétﬂate?(ﬂgﬁi’é‘aec&ﬁgo%%h%nqpﬁsin
particul ate polyurea conpdsition conprising a. an o
i npi g earemapingantemt réactounps -sui table for feeding a

sol uti on of an. an r j.socyanate and a lubricating :
medi fhn RJimEg, F\}’éﬁf%ir}ﬁf ge%iang ﬁﬁi"ﬂt}éﬁbﬂ? ap @gupgor (spcyanate and a

1G5 3EH R meBivre oﬁ'%%f’*}é?@ ifto a%Per}?i’ﬁ'g@&e’n? trﬁactt&en%mix chamP’er) while
| npi ngement reactor;.c. an oritice on the | nplngénent:- ’ -

fecshing erisdayansipy to e inpingendéntutadter;pol yurea formed’ '
by the reac%i on of isocyanine wth the solution. 15. S
The -§eACF1H¢e £ .mwmllza?é?@tﬁeﬁﬂer Sorspraying depagtieulate

prf\fr@;?Porin%H M %}3%9%%}38%0 Pnifr® {mmt S oﬁﬁéi &]il .ons.. at

pressures of rom about

15. The device of claim 14 wherein the pumps" are designed to feed
individual component or component solutions at pljessilrés of from ab(Sut 1000

- psi to about 1800 psi.

16. The device of claim 14 wherein the impingement reacto‘rlis' ké;pt at -

tempefatures in me range of from about 24°C to about.55°C.

17. A device for forming a grease comprising:

a processing vessel for mixing a base lubricating oil énd a pdlyurea

particle;

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

a rniiling device for milling the heated mixture to form a homogenized |

grease at teinpe;afures less than 2000 psi.

18. The device of claim 17 further comprising a device for makingl a
particulate polyurea.compdsition, the device comprisirig: '

a. an impingement reactor; -



psi to about 1800 psi. 16. The device of claim 14
wherei n the inpingenent reactor is kept at

W0 esopesBeires in the range of from about 24C tPCHDS2007/001813
55C. 17. A device for form ng a grease conprising: a
processi ng vessel for mxing a base |ubricating oi
and a polyurea particle; neans for heating the m xture
of base oil and polyurea to a tenperature .i'n the range

" of about '1500C t.o about 175C, and-a nilling device for
mlling the heated m xture tolsorn1a honogeni zed
grease at tenperatures |less than 2000 psi. 18. The
device of claim 17 further conprising a device for
neki rig puﬂ@lstsuctabhtibr fedditig acsotatipoef th @mint lve isesianate and a
conprising: _a. an inpingenent reactor;
lgbnt:m&me&mmé@cﬁ%era 18t ¥R iBRINgCMENt aﬁaqﬁ@rngmx chamber) while

féﬁﬁﬁﬁ §é§¥£ﬂgaiph% % ﬁﬁﬁﬁ qQH&%?{%ﬁfLZZPLgLQtO an

| Socy@nameriffiet @i the mimng@ﬁeﬁtnﬁeaemqbﬁgpragmg the Pitticulate -
.orifice on the inpingenment reactor for Sprayingt

p@ywnee dpemed by the reactiosy pigopyanine widnthe smutwn
I socyanine with, the sol ut.i on.



