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invention relates to the field of lubricant blending.

It nore particularly relates to an inproved nethod of

accurately blending highly viscous additives into

| ubricants. Still nore particularly, the present

invention relates to a nethod of dispensing

accurately small anmpounts of high viscosity |ubricant
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[0003] In order to make a blend in a laboratory, one typically transfers liquid
lubricant components into the blending vessel by using pipettes. Standard pipettes are
operated by air-displacement, i.e., controlling gas pressure inside the pipette. Vacuum
is applied to pull liquid into the pipette and pressure is appliegl to expel liquid from the
pipette. In many cases, use of a calibrated pipette results in accurate blending.
However, pipetting and transferring high viscosity liquids, such as viscosity modifiers,
may result in inaccuracies from several sources. The ﬁse of air or gas pressure to expel
liquid from the pipette may result in different amounts of liquid transfer depending on

the gas pressure and viscosity of the liquid. Viscous liquids generate significant
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may be i nproved by heating high viscosity conponents
[Opﬂ%} ebligh ingesitiy libmisant components are often deérived from high molecular

-

weight polymers. Thus, high viscosity lubricant components may degrade when
subjected to high shear conditions. High shear results when a high viscosity lubricant
is forced through a small orifice at high pressure, which may cause permanent rupture
of molecular bonds. It is therefore desirable when pipetting high viscosity lubricant
components to maintain a relatively low shear rate when ingesting them into the
pipette, and also when expelling them from the pipette. In some cases, the blending

process may be improved by heating high viscosity components thereby reducing their
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desirable to mnimze the need for heating conponents
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tenperature. [00061 A need exists for an inproved

met hod of accurately bl ending highly viscous

additives into lubricants to alleviate the
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di spl acenent pipette fromt | ubricant additive
the dssues/with the prierast methods ofrbleadingnbrieants. bl end
contalners,_ejectlng into the one or nore |ubricant
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vV t. p
aifRbris, PRI, % SRR, aClBRLL, B LRpAafs e TRifSuing steps:
pmmﬂm@ pedbimnyoidevalmges posngye tdlsplawnmg piplette efazc t:aqig lubricant

and the returnin addi tional |ubr
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| ubricant reservoir al sp be ., heat du&? al |l ow f
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tothe ogeor ymerg Pttt Riehepnianersipierting, fup g on 8§ inpqrg dubricant
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reservoir; and repeating the ingesting, the moving, the ejecting and the returning steps
for each additional lubricant component to form a lubricant with additives properly
dispensed. The positive displacement pipettes and the lubricant reservoir may also be

heated to allow for more efficient liquid transfer.

[0009] In another embodiment, the present invention provides an advantageous
method of accurately blending high viscosity lubricant components with tubeless
positive displacement pipettes to form a lubricant blend comprising the following steps:

providing a low void volume positive displacement pipette for each lubricant
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contained within a lubricant additive reservoir, a
wheasitg4neans for the |ubricant additive resepewu2007/010700

one or nore lubricant blend containers, a bal ance for

wei ghing a mass of the one or nore |ubricant blend

containers, and a robotic neans coupled to a conputer

or programmabl e |ogic controller for coordinating and

controlling the follow ng steps; heating one or nore

| ubri cant conponents with a.hi.gh viscosity to a

t enper ature bel ow about 110C, ingesting into the | ow
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the ingesting, the noving, the ejecting, the weighi

cieatiargtinto thePBE 19 1RO RiysicaR, blend |FORMATH GRAsieFiRIY Vele of the
luﬁr?%?ggﬂ ondrf? 9&)911 tHeNoWSoi@ VBRASRS p&itRRcdi Eﬁﬁéem&ﬁ%lpette weighing

esent fnvention provides an advant ageous
andccmrtlaﬂletllg/ abmgsed iofi gach dhbrigant @gmppnpmbpjegtgdtmto the one or more

EREFTBE heb LS5 el G BRSPS solume posice

dniplbdemunm gnpaememom the @niedirmnmore lubvicani blend lcan@inges tq theeadditive

dl S$ &?%gﬂe "ﬁ}&g?ﬁt‘f‘ﬁ‘%ﬁ?ﬁnga Chlglag%{glr an%;gct'i: ng, the %v%gghmg and the

reﬂ@ﬂhg REEpEEa¢ach additibaal 1hbficdnt aompanidit! i ve reservoir,
one or nore lubricant blend containers with a volune
less than 10 milljljters,. a balance for wei
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méhdd 301* aBQirhtely2 blBn@fHN ﬁ?éhedlsfcesﬁ%’ fl&llii'ﬁkféhi dofipdaents with tubeless
coupled to a conputer programmuabl e | ogj ¢

pasBiverdislagentanb piPsHeete ipFmis lReCR b%ﬁ?ﬁéwftga% fpllewipe steps:
pr?ﬁ‘af%% 16Q" vBROVIGAL | Pekid G&pthdeRidnt NBipkAE for each lubricant

ng steps; heating one or nore |ubricant
compapenie perfained hwiship| & dehicept gdditive resarypit.ap digpting gneans for the

luﬁxﬁ&fn{t ng% e%se}\poqp dn@ m&l%rlﬁﬁﬁ@cﬁﬂ bfen@f con€iRers RAth a volume less

I'ngesting into t [ ow voi d vol une
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con (iirlxetrls,ve d §3§80i drm® cor{nrécg;teéattb %nsu\f)Bl)HrB:ﬁdﬁfe c%upled to a computer or

programmable logic controller programmed with one or more lubricant blend recipes

for coordinating and controlling the following steps; heating one or more lubricant
components with a viscosity greater than about 500 centipoise at 100°C to a
temperature of less than about 110°C; ingesting into the low void volume positive
displacement pipette from the lubricant additive reservoir an ingestion volume of a
lubricant comporient; moving the low void volume positive displacement pipette from

the lubricant additive reservoir to the one or more lubricant blend containers; ejecting



| ubricant conponent; noving the |ow void vol une

positive displacenent pipette from the |ubricant
W@owBn023e9 reservoir to the one or nore | ubri capeT/DE®NT010700
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-5 into the one or nore |ubricant blend containers an

ej ection volune of the lubricant conponent fromthe

| ow voi d vol une positive displacenent pipette at a

shear rate of |ess than about 1 x 105 sec'; wei ghing

and controlling a mass of eagh |ubricant conponent

ejected into the one or nore |ubricant blend

containers with the balance; returning the |Iow void
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md 3R he Eﬁ&tiﬁ?,&ﬁ'@ hsighiflg Q%€ R} REmRIELASHsRP bacPaddifiéhal lubricant
present disclosure, the disclosed nethod of bl ending
compepeant additives using positive-displ acenent
l'i quid- handling equi pmrent provides for inproved
ur di . . o . . - .
[u?ﬁlgr i l?%eg us[ %OlSi %eﬁ grzfg Jf‘lgﬁr ﬁgr ﬁ{e}igﬁ% ar g\el%rb%‘g@r?g n{’P blending
lulricanh @dgditivee rusingi positiverdisplachment Sighsiskandlingt ¢quiproént disclosed

heRig AGY (R dﬁ?/%#&?d%oﬁfﬁ*e}éf&%s usi ng

positive-displacene I 'qui d- handl i ng equi pnment
provi des for a nethod of accurately producing snal
[001Z)r | Banteximpledsin wheroplaryreyntodimentd of thé giresent disclosure, the

.1 hroughput . e rinentation t of environment.s. o
iR RHog SHIREAIRE I firicaP PR wFE ARV fiiptecement tiquia-
hapdlége Rtjuipnsat qrovides tibe itipseleds accuramt b ddispensingnHighg viscosity

I.lfl.bri cant .additives using positive-displ acenent
adflifiyes M RIRRY-  equi prent provi des for dispensing of
hi gh viscosity |ubricant conponents w thout shear
[0013) UCRda dedh@datdniilagf ethb&lifRiPoP e preskMOdiddlosutedthe disclosed

further exenplary enbodiment of the, present o .
methag (ofhiprding Hubgeand | asiditives nusing positivetdisplagegnent liquid-handling
eqlipRient BRfviRAdbE A HRIndBo MRS pYShipRALTRRcant blends, which

I'T qui d-handling equipnent provides for |ess stringy
mayehsi wigd imhighbroyighput expefipeniatian dypsctianyonfeotss] I n a

further exenplary enbodi nent of the present
[0(5’1i4§C| 1354 rf&ﬂhérh&e%ﬁgyoectﬁgodimem of the present disclosure, the disclosed
method of blending lubricant additives using positive-displacement liquid-handling
equipment provides for dispensing of high viscosity lubricant components without

shear induced degradation of the components.

[0015] In a further exemplary embodiment of the present disclosure, the disclosed
method of blending lubricant additives using positive-displacement liquid-handling

equipment provides for less stringy residue at the pipette tip upon discharge.

[0016] In a further exemplary embodiment of the present disclosure, the disclosed

method of blending lubricant additives using positive-displacement liquid-handling



met hod of bl ending lubricant additives using
positive-di spl acenent |iquid-handling WO 2008/ 002349
weEFaNsE3e07/ 010700 -6 equi pnent provi des for BCTES2IN87/010700
of nore quickly dispensing small .volunes of high
vi scosity lubricant conponents. [0017] In another
exenpl ary enbodi nent of the present disclosure, the
di scl osed nethod of blending |ubricant additives
usi ng positive-displacenent |iquid-handling equipnent
provides for mnimal heatingef |ubricant additives,
‘and therefore | ess degradation and discol oration
prior to discharge. [0018] In another exenplar
equipasdit mmwdg$ ferhe meanseaft mares grisklyr dispensing)isme illogféames of high

ﬁﬁg! jubricant additives using
vj%g)éﬁfl ve- 8“ cement i qui d-handl i ng equi pnent

provides for a nmeans to neasure in real tine the
[00ET]s| Ity anbtheh exémbl'aqc anibodardentt oﬁ/ eheb prasgltddispbamed the disclosed

t br| 0 In.sti et .a er . .. . .
s taPiyniieo PRt S Bk it ARt PRt Jjguid-handiing
eqdi;ﬁﬁérﬁsﬁi@vfﬁ% lflbd rﬁfnuth _llhdhtnm bﬁ Ungfiaaﬁﬂ Aldikivesy and Utheredore less

posj t.i ve- acement . 1iq andl i ng equi pnent
deﬁfaéiﬂlﬂ’é@ 6 %loFPé%‘sP"{%t?raé?g}Bﬂ’ €in real tine the mass

of lubricant additive being dispensed into the

mgr@r | 62 R3hothe @28hplbRE TenEAmEIhSS tiRAYARERIESclob @Bl Wi Risclosed

attributes of the disclosed nethod of blendlng
methpd | efahlendingi tubvisant,additjveso ysing vRosifivepdisplapement liquid-handling

eqhi%%rﬁé;ﬁ@@i@lsé & & %aﬂgqgtms[oc{sure feraal & Ehed&éﬁi&%fr tﬁe lubricant

advant ageous appl i cations an /or uses” w
addéivedwingdisperfsed inte Hhe brisaited descri ption which
follows, particularly when read in conjunction with

fi :aS_.ap Al
“’ﬁ)@w %Elﬁoﬁgl gur)&%i19 %flg’pl E{%ngﬁ&gﬁgﬂ lr F’ gﬁeg:dmdosme’ the
disoddeedamiethodf ofabllendwng dublnwit wdditiyes msmgepositlwti@ptmement liquid-
Wpette .of t inven i gu .
haffafFe b Biebf BroPlE Tk e bRARTIC FanlrRak oot by B2 oy of lubrican

additivé beigidBpersed irito ve: ldbﬁpdracerrent pi pette of the
present invention. [0023] Figure 3 depicts an

[Oﬁi)p((glg]p e heF'a vgr?t;ﬁgsa fé)a\ivm\é? Ie%gt%laﬁggﬁ ggémletciiélc?osed method of
bléRARE Y&Br{oanmcﬂm W03 A 8si e 1dpRREMEALII(HA-handling equipment of
the present disclosure and their advantageous applications and/or uses will be apparent
from the detailed description which follows, particularly when read in conjunction with

the figures appended hereto.

BRIEF DESCRIPTION OF DRAWINGS

[0021] Figure 1 depicts an exemplary schematic of a low void volume positive

displacement pipette of the present invention.

[0022] Figure 2 depicts an alternative exemplary schematic of a low void volume

positive displacement pipette of the present invention.

[0023] Figure 3 depicts an exemplary schematic of a low void volume positive

displacement pipette in a lubricant additive reservoir.



[0024] Figure 4 depicts an exenplary schematic of an
array of additive reservoirs: [0025] Figure 5 depicts
wa@apoogmespd ary schematic of a |ubricant bl end sp@r/usw07/010700
based on the use of positive-displacenment pipettes.
DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0026] The
present invention relates to a nethod of bl ending high
vi scosity lubricant conponents conprising the use of
positive-di spl acenent pipettes. The nethod of
bl endi ng hi gh viscosity |ubritant conponents of the
present invention are distinguishable over the prior
i n_di sclosi.ng the use of positive displacenent
l“B?‘Het Fe@'r%d%%ta ABEXFYPIaET sshematic of gp arey Pf addigive gesgpvoirs.

viscosity lubricant additives into a |ubricant
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present invention include, 1inter alia, inproved
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di spensing, |lower tenperature for dispensing, |ess
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t he receiying vesse JS gas i s appl |e8@to ej
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SUCtIOI’]IS prOVI pn’p action is
tempmgﬂerﬁéddlsmr@uw lssgygaléuﬁll ﬁtdmwr: amd thehdipajof fhgpdevice after

t ; an S e r 1d e%gr:l%tf% Fdafitthid AOledrensity 41 ﬂgﬁf?%ﬁlgecgg%ensmg.

erent pipettes can "be us
| ubricant conponent. Alternatively, a single pipette
[0623] bBlerslsdnade aidcoi'ding tcemiadlebwhmﬁmat'mnms gemerally made using air

dlfferent bl end e n._aqr.der
disgRteFR] minges e B g RitpRETREN B edilE g, In an i
digfifdenemt pipesie, 4 sourex afipirds anadhat ao aheDer)d apihlei pip¢ticoms] suction is
esi et of ..
aoplisg Fo. S50 B the ety Tin piB SR i, BT Blebfd, 7B receiving vessel
anﬁfﬁl i Wpplied & Ejéce&q[iﬁﬁﬁmem&‘fdcﬁﬂ'ﬁﬁgﬂlvéssd NI @eddmbined air/liquid
nt|t| g to mnimze waste only snal
shleremeat Liguid, gfséfﬁte{“egli“? SRFUSHIS FLRY <q by apdpaand action is

tra%@f@fel:lrfﬁﬁm.@ﬁsd SRR ligRid ARPHR air BRK Behvdled@hsysty® Bfuid and the
smal I lubricant blends. In this way |ubricant bl end

liquightro b trapsismedn Disfcrensipinsjtes gam bstusad for ¢ach; lybdcant component.

AhdRbseta eI %w& REPEEHISEit if BRaN¥d BRRBED B4R re to different
PCT/ USZ007/ 010
lubricant blend components in or_der to avoid contamination and inaccuracies.

[0028] In some applications, for example in laboratory applications, it is desirable to
make very small quantities of lubricant blends. Small blends enable testing of precious
additives made experimentally in small quantities and help to minimize waste when
only small amounts are needed for testing purposes. It is also sometimes desirable to
rapidly make large arrays of small lubricant blends. In this way lubricant blend

compositions can be rapidly evaluated in various lubricant screening procedures. The



process of rapidly making large arrays of small test

sanples and rapidly evaluating themis known as high
wao boosigsput experi nmentati on (HTE). [0029] LubrPCHOS®07/010700

are typically blended fromseveral conponents of

different nolecular weight and viscosity. Hi gh

viscosity lubricant conponents are sonetines used to

nodi fy the visconetric properties of the |ubricant

bl end. These viscosity nodifiers are typically

conpri sed of high nol ecul ar v&i ght polyners. It is

especially difficult to accurately nmeasure the vol ume

of hi %h viscosity lubricant conponents blended into

(o)

prgmsl bepitdy miking darge direays Hf simalk tost samples @ﬂera@%n evaluating
GtaBbn @ ghact or s.
kﬁ&P}s{%?hi r‘t\i;/}'lk)su t‘?& S agelr}grath signifi cant
reS|stance to the applied gas pressure, and gas
[OOMpr Esbricants aatersqxidailyi bldnded fromuisdverbkicogmeinentsedf different
the petteth IICI t ondf r
m?% 3{&5 aé}g &4 ¥ GR=OSVR sco'sgiht 4 g‘?llggﬁ comé) ne %g{“g aé% éomeumes
usky pocmbtify pibhé yﬂm(nnettlhqgropﬁnds ob tfle)rlnblacast rblﬂgy These viscosity

mp§Riety s e ORRRPRT oh e aneiobt R W SR e T cspecially
dlﬁi@wﬂ tedcéuratelyt ecapireetticeyoluhiechf titgh Miadsity librivadi Rgmponents

naccur aci e rror ntroduced by these t .
blprfetopes Swel;blendSou et i UPHRTS FRHS % e i a conventional

walH BB¢dust &F- twlo0fiz@drs.| NOA@ Rct62 e thah ivilitous igaRdst generate significant
| 'ubri cant. conponents are bl ended after heating

regigtancq &bl apRlicd S PreETUERt ando BT BRIBETEFHEN (2D r§§l&§ i ;}ess liquid
b &j eE@Bgﬁor\‘i‘}ﬁE ?tﬂéi'@%hﬁ@'&nﬁ&pat@&n% QBcdrid}fact® s that because high

Vi scosuty I qui Alternatively, they may be diluted
viggosiy | lobricant mmmyn@om eipisally polymersualien krsyl toaforpe a stringy
. g th
reglﬂ%é% Sé(is)é 21% 0{5 @ ée[nl atgi:urﬁgtﬂge u@ﬁdﬂy, lgénse%ﬂ&%% hg in the receiving
vee$t1§\lharedvasaxpeﬂat tiloen ﬂ@anipeti@swhhhghaw ileaglotsl blymdmg inaccuracies.
| ubri e | Qr ar s -
81}1‘%? %pléodﬁ eS| tgl%:sc‘e %\g g{f‘ % %h%’éraﬁ eL ?%da\gﬁen Inltlaléu?g small blend
qdaaatnemg. [ 0031] Another issue is that high viscosity
| ubri cant conponents may degrade under hi gh shear

ondi tions.,.Shear d ation cur h .
olal"; 55 Ben, @5 biBh SAtoRie i Ranl fodnd it 0G4 hoating
théxh tf)ldltén@éﬁdiuﬁl u Ssufficiestdotreentheg \Ki)sto]?xt)@ tcpefriutge whﬁ:xghhey can be

viscosjty lubricant co nent s areo n co
handled ke dew Xiscoriivg Haug Ve rf hégaywﬁtzﬂ §‘ﬁgv= with low
vifdoBity O§d19hté.hr wgémsa vﬁ?}ﬁ'the}f’%ﬂ' b8, easllp pipeaed naifte @asbard air
su

shear stress my ficient]y high to cause
dlﬁﬁlé@@% P&eﬁéﬁéﬁ E%ﬂ %m'satemlwnm odewewer sleyated temperature

caﬁ%@g%ulgé&ﬁQQubn@am components to discolor or degrade. It is therefore

desirable to blend them with minimal heating.

[0031] Another issue is that high viscosity lubricant components may degrade under
high shear flow conditions. Shear degradation may occur when such additives are
forced under pressure through a small orifice such as the exit opening on a pipette.
High viscosity lubricant components are often comprised of high molecular weight
polymers. When these polymers are forced through a small opening, the shear rate and

shear stress may be sufficiently high to cause breaking of chemical bonds, which



| oners the nol ecul ar wei ght and the associ at ed
benefits of the high nolecular weight nolecules in
wao b@siooetsud cant bl end. [0032] An object of the PCEES2W7/010700
invention is to inprove the accuracy of snal
| ubri cant bl ends containing high viscosity |ubricant
conponents nmade in a |laboratory w thout causing
degradation of the high viscosity |ubricant conponent.
In making a |lubricant blend containing severa
conmponents, it is necessary te.accurately nonitor the
concentration of each conmponent of the blend. \Wen a
blend is relatively large in volune, it _is |ess

lowsHpthemelscwian yeightiand the assoniatest benefiss of thei highuaplecular weight
mERERBI RIS uboRk 6Rly DI ends can be made by

controlling the concentration by wei ght of each

conmponent or by volunme of each conmponent. [0033] A
[0032) hém objeet tofothet hesgneiwmﬁdm\isano iioproee tthe meowiade of small

sial | rican

lugvgﬁg %?g]\d“?l &Q?aﬁﬁ E&ga\{dgﬁ Br({lxsa Si C(r)lgl £ cqm orAIngs rtn%‘e fna laboratory
wnhmmcmasuhg degidahﬂen sifethé hlglbwsc‘m;my lhbﬂmiﬁ wm]i(mbﬂt In making a

bI ss. than 100 mlli]Jiters of total ne, .
it oG deerahcompaene 11 PeeErerbio pesuiftely Monitor the
con@tntfitionddfeRhecoripdient Bf @ieeb&hhy IWEén hiendl®s relatively large in
~-mlliliters of total volune. [0034] The present,

valumeniti Snlesecamplex tp Measyie b ongentration Rl iidivigdugl; components.
TydiBdlly bithds CaRtbe RiKRIGy CORGENMEhe NédhletkstfoRS by Yweight of each
conponents can be i nproved by using pipettes

comndngat eiboyolnmeafeach egmponsingt on with a shaft all the
way to the tip, which are defined as positive

[ﬂﬁk%gl %Cﬁﬂﬁl@} ogjegfa&f he p@é&%ﬁﬁn@eﬁkcﬁﬁsr’c@ fp%\ﬁ&g alnfetASd for accurately

I pettes are typically gear driven and

prgéumn&tsma!sldﬂbnmmlermewmhempbxderiugh @ischsity biricanigegrdponents.

Tlge%é' 5%519 ll,l daﬁ-xlg %1Qﬁ&e'i:&gta E){'e%rahg' ?és@c’fhgg l&(PPrﬁllllhters of total
nprove b accurac ecause t prston di splaces

vodums,t andre vioeferzblpf leks qha:dZSe@dhtitemssyfotfotdll vpluoche, and even more

prbleBE ot e s O R RN ol y Tl evant

when using pipettes wth a small orifice as is
[0084]eS ThE HreveaNinVBlitidiretdt® {o the disdouétanhattacedracyd€Bmall lubricant
pj pettes with a small orifice to, dlse se hi
5& g]g pipettes

blwi?c ggm?yu% BB HiscosBHROTRANENtss fL, be, ipproved, (O3, s

acBivhed by THEVerkéht DFGlpieion Wath WEhaFEalb theCRa)f ROAE i) whiicH A8 defined
| ubricant conponents. Shear rate and shear stress are

asgrasiivierdisplasement pireties (kerein alsotsfemmdiags FPBD; fYuch pipettes are
typiedlly EBa" cﬁf&h%ﬁ%eﬂéxﬁte"gu?ﬁcléﬂt}fréé%ﬁfg 1o irRABAt AMiquid residing in

I's iportant to Keep now rates below certain
the pineyn bagrekiseigctecht3Ps improve blond aceuraey beraupg tie piston displaces

6:?3?291? oy rfl@ ? Eﬁe réé ﬁg%f ltn?\(lg U3k odfty Ot dw&Rer Sﬁl%u[.lnglon may

contro rate below 5 x 106 sec
gengrawlm»emzsmthpcmuwsmw @s1partioularly relevant when using pipettes

with a small orifice as is necessary when making small blend quantities. When using

pipettes with a small orifice to dispense high viscosity lubricant components, shear rate
and shear stress must be such as to not cause degradation of the lubricant components.
Shear rate and shear stress are proportional to the rate of flow through an orifice, and
therefore to minimize lubricant degradation, it is important to keep flow rates below
certain threshold shear rates. The flow rate of the high viscosity component flowing

through an orifice should be controlled to keep the shear rate below 5 x 10% sec™,



-10 preferably below 1 x 106 sec', nore preferably

below 1 x 105 sec', and even nore preferably below 1
wo2840s3¢x. [ 00351 The discl osed net hod of bl epdi/ng007/010700

| ubri cant additives using tubel ess positive-

di spl acenent pipettes is particularly suitable for

di spensi ng high viscosity lubricant conponents or

additives. A high viscosity lubricant conponent or

additive is defined as a liquid with a viscosity

greater than 100 centi poi se at0-100C. The nethod of the

present invention is particularly suitable for

[ ' lubr -1conponent s, Or, .addj ti Wit h

PREEAT YAy '8 I N PRARE BEEo e, btk e et aad gven more
prefesablybelow park0*sethrly suitable for di spensing

| ubricant conponents or additives with a viscosity of

t than 1Q00 centi.ppi se at . 100C. Lubri cant
OB S a0 T B bR B S e posive.
displacamimt pipéttearie patichlinly ts@sialsle,f_ovicﬁﬁﬁaéihg hingJiI;do%fﬁ’lubricant
di spersants, . detergents,. pour point depreSsants,

comy g@kﬂftwg_ﬁ'ﬁ', ,hggh Vigesity Jpbricans cgiponent or additive is defined
as@li@vjﬂi’dmﬁma‘i‘\flibébd%gy Eatweﬁ{aﬁefﬂgé 4 %g%ﬂbﬁ%g.g e Shethod of the

anti oxi dants, mul sifiers, [T ng agent’s,
present InYeRteRq A inapticularby spithlla farhdispensing Tabrcamnt ¢dnoponents or
dasflet i Wi S |35 da0,¢T es 4°f
a e a dcdSly OP%r%kﬁlgﬁC%(ng gérﬂﬁ.&?&ez;}g‘ln%{)?, and even more

these |ubricant addit]ves,
paiicularhe suitable) forpdispansing, lubrcant gomponents tor wditivex twien® viscosity

of%‘f@cﬁft%ﬁm PO L ehrip ggtz# Pihogant s, demulsifiers, seal
swel P

ing agents, friction nodifiers, corrosion
i nhibitors, antifoam additives, and pour point
iges Hi gh viscosity lubricants include, but

L
1046 CEbrilt by of cBEBEhle Jhhde ¥ are ot A g viscosiy

movdifiersy| disperaaintsht deperigynts pipaat efdins depsame, t bMﬁisobutylenes, high
m(gacg%ges. %ontlal nhn(g gne or. more of these hig o

P&t s?"fe%h uBst yephede A e SR BEMABRI B S fagents, antioxidants,
deflubsifibirs Osehldwd1liag hg @Sl fHENSS M flls, corrosion inhibtitors, and antifoam

ositive-displacenent |iquid-handli ng@eqw pen
addifives, @s Avedlaspackagesontaining mixtyes @b theseubiricanidditives, such as
forc bedthg1a! midtiRs NS¢ dfpeRRRMS] r | l,ah
Vi S.colgli {;/1 lI ubri cang265 gogly%’n gﬁitegge\%tﬁ? hﬁq‘ﬁ%&ﬁg@fﬁ%ﬁ 3’2’5{%“9“' agents,
antipadants,\deapidsifiess, saliswelling Agontsyfriction cosdifigrsyootirésien inhibitors,
 BhHOadaNANE | Vi RSOS kel NOEX .
o nprovers) ’pfﬁgdvi\ﬂgé& P‘E@?ﬁgg%ts %Q%-tﬂfsgﬁﬁé#&éﬁﬁqg%%ams include, but
are; dipbedisnitade topevisbosifyt ymodifiess paudi poiue sdéprpssants, dispersants,

ol isBBEN 184S C | ted tenmper,ature an .

P gc.c ggt{ya%'lle% é\%lﬂs%%g i ?Fegﬁ ré?lvg?/{,g}{’t g?lgbfﬁlgéi}s 3hd adaitive packages
containing one or more of these high viscosity lubricants. The disclosed method of
blending lubricant additives using positive-displacement liquid-handling equipment
method also allows blending to be done with minimal chemical, thermal or physical

degradation of the high viscosity lubricant components within the lubricant blend.

Viscosity Modifiers
[0037] Viscosity modifiers (also known as VI improvers and viscosity index

improvers) provide lubricants with high and low temperature operability. These
additives impart higher viscosity at elevated temperatures, and acceptable viscosity at

low temperatures.



WD 2008/ 002349 PCT/ US2007/ 010700 -tl [0038] Suitable
vi scosity index inprovers include high nol ecul ar
waowiogho2df¢pol yneric) hydrocarbons, pol yesters Bemus2007/010700
viscosity index inprover dispersants that function as
both a viscosity index inprover and a di spersant.
Typi cal nol ecul ar wei ghts of these polyners are
bet ween about 10,000 to 1,000,000, nore typically
about 20,000 to 500,000, and even nore typically
bet ween about 50, 000 and 200;Q00. [0039] Exanpl es of
sui tabl e viscosity index inprovers are polyners and
copolymers of methacryl ate, butadi ene, olefins or
al kyl ated styrenes. Polylsobutylene is a gﬁ
[00383d Stiimblsvisyositydadex improvers inchudst high nSQlPQld%‘l weight (polymeric)

Y%ggtgpl <Y ndee)§'§/ Ia??%ﬁggsawapﬁe)? %ngr'g%@%%ﬁeﬂﬁsethat function as both
a ViBEAMRGT Mldak Eisnprover mm(anqnbpe)rsamo w’e‘ypmahmhcalcmdaxs wgights of these

whi ch al so serve_ as poi e
polymers, Are Rptween Ia{)yutl E@QQO t F§O§,§Q6I ﬁ'iz) zplcﬂl ea'bout 20 000 to
500/000! 4hd S8 rﬂtﬁl@-tyﬁbﬂgybﬁ%en abopud rsogmoamddmm@@k
copoTyners of styrene and isoprene, and polyacrylates
(copolynmers of various ¢hain |length acr
(0839 npEgmplep £ syiteble YiERpTRS ™ ?f&rlﬂg'é""éﬁseﬂ’?’( ya*zﬁss {gppolymers
e ! Vd1efes, | SORI & oqpleyieRr Pblydbblene is a
Ofa&g%%%&(g mﬁ%ﬁg%r% [ar wei ght. %%ZO] %&c SCQSi t1¥
conmouiprfly gsgl viseosiy dgdenimproXers Lm@otg?r Visqogity glqﬁ(o}mprover is
€ | BRSS! talkylOdictiaRidates, for
pog’f%gt &g*alté @%&? egf“az(?ffdtaggﬁ?nta?ngarrig%r or)m)dl I ue?tﬁla >
exandplean gorne rfsrmulatlenabﬁ wehich alsosBTVR 95 FOVF VeIt figPEsFraliy- Other

t he ad
ik i SAEERY 3 g RS, L 0 o
h dPogetheﬁcmmld @ipotymeranf adysenekmdexmrm eud pelysenyiaes (q:opolymers

,tg%fqryg:’] Of Bx?ég e‘?céglfléo’a %U?Qag#@ f Cﬁf Eﬁ%’ %‘E%r%%ﬂ?s emclude olefin

cdeWn?éil aﬁa hydrog@apdd rstyrempizoprane aopblimer ogfe s to 200,000
yrene-| soprene copol yner viscosity nodifier, the
rnak&v@%“wf redient is in the range of about 5 to 15
W% in the additive concentrates fromthe _
(00RO 8554658 mbdifieA @Y Nise@fin tdnemﬂbmo&i abhourddid RBrwt% on an as
used mtheforrrulahonwa al so be Bels e(g 354 in a carrier or
rebeivedy bsis.t Becauss yéscopitamodifiess 9t syalty SoRRIERI I,
{ ed gﬁ% B St 20| 16 80 0WA%0 adkivied nlgrEdi\bﬁt%m the additive
dlu%gl ve1 %%gre [ etu Di spersants 5041 Du%'g~C g g df d
compentadtesons reocllved ] thguemasfavdmer,dhe BW)‘PBEI Yiscoghty moditiers use

ngh guce(iatl pagééﬁé“é%&%w aX6&Rg L ARG aRYP6OMRE 6.20M0 about 3.0
f m ni hei r dep03|t|on on
wt% active mgredlent preferably about 0.3 to 2.5 wt% active ingredient. For olefin

copolymer and hydrogenated styrene-isoprene copolymer viscosity modifier, the active
ingredient is in the range of about 5 to 15 wi% in the additive concentrates from the
manufacturer, the amount of the viscosity modifiers used in the formulation can also be
expressed as being in the range of about 0.20 to 1.9 wt% active ingredient, and

preferably about 0.3 to 1.5 wt% active ingredient.

Dispersants
[0041] During engine operation, oil-insoluble oxidation byproducts are produced.

Dispersants help keep these byproducts in solution, thus diminishing their deposition on



WD 2008/ 002349 PCT/ US2007/ 010700 -12 netal surfaces.

Di spersants nay be ashless or ash-formng in nature.
woe@BeoBld y, the dispersant is ashless. So caPdBEUS2007/010700

ashl ess dispersants are organic materials that form

substantially no ash upon conbustion. For exanpl e,

non-net al -contai ning or borated netal-free

di spersants are consi dered ashless. In contrast,

net al - cont ai ni ng detergents di scussed above form ash

upon conbustion. [0042] Suitable dispersants typically

contain a polar group attached to a relatively hi gh

nol ecul ar wei ght hydrocarbon chain. The polar grou

metphsurfaces, Dispersants mey lheaashlesy qp agh-EorHing dn nﬁW‘? o&é«?ferably, the
4 AnlEROSBRO c E%Qt% Is that f
POAART io AIRICSRTR THRSE o HRBLAF RRatiP ARrials that form
suhstmytlailysqzm aslanp@n nmyxbbsilmh aFm@mme,dncaeanQn@mmg or borated
tes ul f r| z h yl

metgi ng% r§g?1‘sant§c"> g c?erec? 8%1’?%3 , co% rﬁitr 6“%13? ngHtaatlnlng detergents
dlmmmbbusfaiﬁr astalpone&mb&sﬂam.ti cuI arI y useful class of

di spersant s are the al kenyl succinic derivatives,

iC roduced react.ion aof a | ong_ chai .
b B eSS ol S Sl BB A8 o o retavely
h1§1lyI BsdlédulirofleiSHE Ry dtbarboh YHaind Gl'hd/\pélhr groupQlypieully esitaiifs at least

ol yam no conpound. The |qng chain roup ‘i?nst itutin
oqerréerapr@oqﬂwtrpgen Wg%rprd?hom@rﬁﬁ anical rirofarbgpcbpins contain
506510 400 dattioh dtbmbihe oil, is normally a polyisobutyl ene

group. Many exanpl es of this type of dispersant are

wel | known commercially and in the literature
[Oyignppgpynqgll& n@gyé}mgermgs max e ¢ @@ergzﬁglhas phenates sulfonates,
suffuFiPE ?ﬂgﬁa?cs %Qﬁc%]gfégr ﬂQﬁlﬁﬁ@rﬁt&Y fatfES %?bdn‘i‘at&d" &hfocarbamates,

entire ar & 892;" 3, 2145, 707; 3,219,
p@sﬂl@uﬂdcn@tm& 542 Mquiadyous@“uhsqlmomf @lmsaglisz are the

alg'eyngrgsgmglgd'c deﬁvgt’i)"?ess 1é:§1’ésg S%r | gtgeéia:'ﬁ% ﬁ\e%%éac%%ﬁ og:«b%mg chain

di sper sant Pat
subiststuted, dmaéil,yﬂ)@l.’h‘;cuﬁc 200pd0nd, Budhda abstit@ed EﬁQ(ﬁm anhydr ide, with a

757: 454, 555 5 04: ,3.413, 34
polyipdlpoipar polyirBiioPRipoyngo d B Joni cfib grbug s bnstingtine fhecpleophilic
&tl%goggge :n;ld]’fgcgl.le?5®hlcﬁ %ﬁg&ﬁ%olﬁbllﬁ@ﬁ , ih3Ghe 3oﬁB7isgtﬁgtmally a
al SO Cor orate
PoliFRSHIER (X0t oMo cxmaples o i 5ot 7 gl known

coRhrR R aH Xpﬁﬁd 'ﬁﬂychbfhtél‘&ﬂﬁe Eqempragy il s, }iat’bnﬁu 'Nh@ealBscrlbmg such
Pat ent plication . 471 071, alsq i ncor

dispergantss apd ,uppom(ga@ﬁthyr @f%;enc[eor(lmth?lr entirety, are t869% % ,2145,707;

3, twis&&ardoyie wiostal 344tﬁdz Stz.&mnml ac3|4$4csvwogrsiﬁ oauze 3,630,904;
ticular, succi n

u ar
3 gliél hat a87e§ "eagd 4&34§l}c5€| Qthes tupasedl ‘Hﬁ?‘?ﬁ@t e ea$°ét!>ed in U.S.
P;ﬁ’é’nté hﬁos. 3,036,003; 3,200,107; 3,254,025; 3,275,554; 3,438,757; 3,454,555;

3,565,804; 3,413,347; 3,697,574; 3,725,277, 3,725,480; 3,726,882; 4,454,059;
3,329,658; 3,449,250; 3,519,565; 3,666,730; 3,687,849; 3,702,300; 4,100,082;
5,705,458, also incorporated by reference in their entirety. A further description of
dispersants may be found, for example, in European Patent Application No. 471 071,

also incorporated by reference in its entirety.

[0044] Hydrocarbyl-substituted succinic acid compounds are popular dispersants. In
particular, succinimide, succinate esters, or succinate ester amides prepared by the

reaction of a hydrocarbon-substituted succinic acid compound preferably having at



reacti on of a hydrocarbon-substituted succinic acid

conpound preferably having at WO 2008/ 002349
weERQNsE3®07/ 010700 -13 | east 50 carbon atons PCI/UK®07/010700

hydr ocar bon substituent, with at |east one equival ent

of an alkylene amne are particularly useful. [0045]

Succi nim des are forned by the condensation reaction

bet ween al kenyl succinic anhydrides and ani nes. Mol ar

rati os can vary dependi ng on the polyam ne. For

exanpl e, the nolar ratio of .abkenyl succinic anhydride

to TEPA can vary from about 1:1 to about 5:1.

Representative exanples are shown in U S. Patent Nos.
lezst 39 cadme atgms i Ugopdrocarhan ggwtingng pvitly algleasy opg zqaimglent of an

all?ﬂg%%a@% aqégfm%%lpaéﬁll%gﬂgr Zn?ncgﬁgg?gt Egt by N?éf erence

in their entirety. [00461 Succinate esters are forned
[0045) h8uccinbeidssitare nformed t by rthe e¢conslensatiiok e reactions uhatweere alkenyl

anhydri,des. .and al cohol s, or pol.yol s. Ml ar rati os gan .
s GHRF ERigRh g nning: RleshiBHSS e sy Rindhlipe G i polyamine.
Farxexaplple, theemolan datis af ialltengl eaktihic Ginhgdridd ke MBPA can vary from
succi nic anhydridg and pentaerythritol is a us
UGG ol 48,500 J0k7] REEESTHEvS. EKHEPIeh A b Poly Sf Hefatent Nos
3,087,99610R "EREI DB, 2 BAEGE; B2 1261463 &3 28,6807 Yihd 3568206 1, G,948,800; and
Cag}n %%rai.(lj\g%l?@,(?% % glgw%rénqlﬂg%jpggé%r%{e@w reéferts:#cletigkﬂne%r entirety.
pol yal kyl pol yam nes, -propoxyl at ed pol yal kyl pol yam nes
[0046] PSLYEhMENkters R YSHTHE By SHE todemalivR (B tRACbetween alkenyl
pol'yam nes. One exanple is propoxyl ated

sugeipimantydridae and gloebols pemadyalpt Aelae ratiasrgsnesary depending on the

SIS Br Lt Hep “FEF bxlble, thetefacilanol Biithel B an plkgny! succinic
anhptiedehmd pewagythrivd! is hesefukdispérsantcci ni ¢ anhydri des
used in the preceding paragraphs wll typically range

(ofi " Shestiata St Ao 58 SO e o FRR RIS R perween alkeny!
subXiyiieahhytifidesittehikaleo] adfin&0XPor exaniple,duitable allamodhmites include

aci d, and. bqgron conpounds such gs borate esters or
ettt BORAIOObo R PR GBrP S 18 R CEY o RS Alepolyalkenyl-
pobgtiniingsl ¥ichh okl §B1yRRIine0 pbljaniabNUt OndTodRp s Prépbxylated
per di spersant reaction product._ [00491

nol e of ¢
heygmsthylensdiaming.s p &epraieniatye ¥aRPISS: 8ff SheWpelk({-8n Rytent No.
4,8 8Y0DRANO B incd PR NHl&Gend W i erigsty. See U. S.
Patent No. 4,767,551, which is incorporated herein by

reference. Process aids and catal ysts, such as oleic )
[0848]d Ahe maledudari weiakt afshe alkanylfuseiniscanbadridest used én the preceding

pagare%?%ﬂpso&il . '{;‘%ﬁgreaﬁ{gé fEHlan ¥6U 8RA 52,5‘.6‘0. U fie above products can be

henol
post-reacted with various reagents such as sulfur, oxygen, formaldehyde, carboxylic

acids such as oleic acid, and boron compounds such as borate esters or highly borated
dispersants. The dispersants can be borated with from about 0.1 to about 5 moles of

boron per mole of dispersant reaction product.

[0049] Mannich base dispersants are made from the reaction of alkylphenols,
formaldehyde, and amines. See U.S. Patent No. 4,767,551, which is incorporated
herein by reference. Process aids and catalysts, such as oleic acid and sulfonic acids,

can also be part of the reaction mixture. Molecular weights of the alkylphenols range



WD 2008/ 002349 PCT/ US2007/ 010700 -14 from 800 to
2,500. Representative exanples are also shown in U S.
w@aioeno23mos. 3, 697, 574; 3,703,536; 3,704, 308; PCT/US2007/010700
3, 751, 365; 3, 756,953; 3,798, 165; and 3, 803,039, all
of which are herein incorporated by reference in their
entirety. [0050] Typical high nol ecul ar wei ght
al i phatic acid nodified Mannich condensation products
useful in this invention can be prepared from hi gh
nol ecul ar wei ght al kyl - substituted hydroxyaromatics
or HN(R)2 group-containing reactants. [0051] Exanpl es
of hi gh nol ecul ar wei ght al kyl -substituted
frdmp 08k yon 26708 | Represeplativel sxamplesotrgpalspshpwanisl U.S. Patent Nos.

It | )t RY .
B B TR 7 B0 TR SRR SR oy 5 R 80,099, al
oftiidclpaedender indorporatedibyl refererge in ahedl grstiretysuch as BF3,
of phenol w th high nol ecul ar wei ght pol ypropyl ene,

o8R0, PH S e s ChAB! YBAAL SR REUB Raphn Yokfensaion
prb@w'tsﬂlgse’ﬁl ?N%ﬁ%@?ﬁ@nlﬁﬁ,&oﬁt epiﬂedcm&mrhitghir?ﬂbculbﬂ%iﬁht alkyl-
S .0 r -contai ning.reactants are
subgi Ry SRS or HTRYE Bisapr TR pearTENe
pol yam nes. Ot her representative organi ¢ conpounds

[0091Y 2ERAMPIEAT of CRiZh PGleER) Weigh Uik glddRlthed MyddSByaromatic
I'nthe preparation of Mannich condensation products

compoupds arciaadyaropyihensd) prlEbutilphereloandipther polypikydphenols. These
pog#%gﬁggﬁnﬁ{l}d g%% Iﬂg' Jbt:ﬁﬁpcf by tHE Sl ARML IR thé a)igcsence of an alkylating

i et hanol " an ne;” arorfmtic di am nes,
catalyst, supheasy | BRs of aphenw!] withnihigh nmplechiar eweight polypropylene,

het er cl.i ' i ne, . | .
ool FUBREh ofle 153 RUBIRAL 26 0D MTET Sisucnis on the
beneéraniingeofpletnbhizaving an bedraga 16603 100,600 gwledudi5adight.

Exanpl es of al kyl ene pol yam de reactants i ncl ude

| enedi ani iethylene fri.am ne, triethyl ene .
sl L ERFRLRT AT | @RuBusntnifl Bl 8 AbiER: polyamines,
priei@ily n @olyeeyaaich ypotyeminept aadihere, rdpegstaiatihy | erganic compounds

octaam ne, octa ene non i ne, nonagt hyl ene,. .
ORGSR 76 T¢ash anad LG R e ST K Wi e HgSaiption, pf Mannich
co‘ﬁd@ﬂ’satiéﬂifrﬂﬁl%cﬁat‘ié REllNinohvagaid ifclnte fHeSmoens Arindinahing alkanes and

the alk ne pol yam nes, in the

KY , . fornula P
theip R AIKE FRAIOEHE R+ SROAME Bkdietiane] amige: gpogytic diamines, c.g.,
pHehPche Bamiié, dibfido iaphfhalhes;! RetefRlyEO! A8ink§r B1¢l,amorpholine,
Correspondi ng propyl ene pol yam nes such as propyl ene .
pyatoderi PeTeliting)i umidezole, imidagaliding.e prd ipgnidingiemelqmine and their

suB?tﬁt{lféa’anQ%QEra' and hexaam nes are also suitable
reactants. “The al kyl ene pol yam nes are usual ly

obt ai ned by the reaction of
[0053] Examples of alkylene polyamide reactants include ethylenediamine,

diethylene triamine, triethylene tetraamine, tetraethylene pentaamine, pentaethylene
ﬁexamine, hexaethylene heptaamine, heptaethylene octaamine, octaethylene
nonaamine, nonaethylene decamine, and decaethylene undecamine and mixture of such
amines having nitrogen contents corresponding to the alkylene polyamines, in the
formula H,N-(Z-NH-),H, mentioned before, Z is a divalent ethylene and nis 1 to 10 of
the foregoing formula. Corresponding propylene polyamines such as propylene
diamine and di-, tri-, tetra-, pentapropylene tri-, tetra-, penta- and hexaamines are also

suitable reactants. The alkylene polyamines are usually obtained by the reaction of



WO 2008/ 002349 PCT/ US2007/010700 -15 ammoni a and

di hal o al kanes, such as dichloro al kanes. Thus the
w@bdogloease pol yam nes obtained fromthe reactiPer/v§2087/010700

to 11 noles of ammonia with 1 to 10 nol es of

di chl or oal kanes having 2 to 6 carbon atons and the

chlorines on different carbons are suitable alkyl ene

pol yam ne reactants. [00541 Al dehyde reactants useful

in the preparation of the high nol ecul ar products

useful in this invention inclusde the aliphatic

al dehydes such as formal dehyde (al so as

araf o ol and f rmal,i ), acetal dehyde and al dol
“5’6 d%’g&a Kpnes PHuPIaRgPd e Tps the alkylene polyamines
oﬁtﬂhealtﬁﬂhydﬁ abtich @,9 z e@qtlamoléss oP#ABbARIwithOPX8110 moles of
dlgg’drocar byl substituted am ne ashl ess di spersant

graalkanes hagingi Xt 6 satbonfatpms apd the ehlorines Jois dififerentearbons are
3,565, 804; 3,755, 433;
suNQE}e a:fkig ére g&gamﬁbé'ggcfétﬁz

, 822 all of which are herein
|ncorporat ed by reference. 100561 Preferred
[0854) e Addehyslei ma¢ta|t¢te usefiud i dhea preparation cofathe chigh molecular products

Gl N . . tives fr.om
usihf Sh i G drl et 3k alinflR SISt aRS i pé hialgetyde Galso as
paméfon_nak_dehﬁdlﬂ ahdl sfoﬁuai:lm)n Iétﬁ?tdhbhy&m ﬁ“ﬁ' andmhqs lhy&mymtpwmehyde).
SucC | e .. | l.ve yom a yaro ene group
PRy B o Fem I EF S T ecteiS BT 2bout. 90D
to.about 5000 or a mxture of such hydrocarbyl ene
[ogsS pHydEEd?aﬂByl mueét&ﬁfeachn@hhé &@mwaﬁpexe&hmlm%d Giré ais‘élosed for
acl -est ers and am des éﬁ4eno -pO %gm ne- coup
XA O o (At NG 17 5o s G Ao A PB4, A S B G: 3,822,209
and®), 084 10.CONPONERh Sre 1%&&% a@&?afavé%ﬁbwe@ﬁcéised in an

amount of about 0.1 to wt% preferably about 0.1 to
8 wt % Pour Point Depressants [ 00571 Conventional pour
[0836Int Prrfprred éwn@@al(talmlﬁdqmedgnd moa-hoirated kesginimides, including

thb@cie‘i%%ﬁ%s fr mgﬁo ?\S’%ﬁqnh&)e ﬁx%%?rﬁi&e% o%}%ir/](?rf m )H&res of mono-

present |nve ion 1 pour
andeﬂmsesmnnnndaﬁ beherdibe dhe ohjrdrbcarb;alt |sugcmnnides iig | devivedf from a

M oYY R4 O s 50 0 s
SODOlﬁreﬂmnEliﬁmiﬁ ﬁﬁh Q@drmwﬁydﬂiie%rb@pﬂ Otlientprefened dispeisants include

i ncl ude, ,pol acryl ate | at es,
supCY s ARG B cand B AUPORRGT DR VESH G caplsh Maprich, adducts,
thaiﬁ&aﬁ)eﬂﬁfbrﬁbﬁﬁ@st hfid 6@RP RN com\pbﬁélﬂts C 8uBR%ddiAvEs may be used in
poI merg &terﬁkwﬁyers of di al kﬁylfurmrates Vi ny
‘éi"é fibquty 1 to %, BrsEerably\aboyt Gl to §tier-s. U. S.
Patent Nos. 1,815,022; 2,015, 748; 2,191, 498;

P@FMMNSE_@J_&SS 479; 2, 666, 746: 2 721, 877;

21,878; and 3, 250,71 all of | ch
[0&577] Conventl%nal pour point d%pressants (also own as lube oil flow improvers)

may be added to the compositions of the present invention if desired. These pour point
depressant may be added to lubricating compositions of the present invention to lower
the minimum temperature at which the fluid will flow or can be poured. Examples of
suitable pour point depressants include polymethacrylates, polyacrylates,
polyarylamides, condensation products of haloparaffin waxes and aromatic compounds,
vinyl carboxylate polymers, and terpolymers of dialkylfumarates, vinyl esters of fatty
acids and allyl vinyl ethers. U.S. Patent Nos. 1,815,022; 2,015,748; 2,191,498;
2,387,501; 2,655, 479; 2,666,746; 2,721,877; 2.721,878; and 3,250,715, all of which
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i ncorporated by reference, describe useful pour point
waelepseesant s and/ or the preparation thereof. BUNS2007/010700
additives may be used in an anount of about 0.01 to 5
w% preferably about 0.01 to 1.5 wt% Typi cal
Addi tive Anmounts [00581 Wen | ubricating oi
conmpositions contain one or nore of the additives
di scussed above, the additive(s) are blended into the
conposition in an anmount sufiicient for it to perform
its intended function. Exenplary anounts of such
additives wuseful in the present ipnvention are
are| heyielt KGOTHOTAtEH by rff%@}csmﬂe%% U§?4‘§E PORPIR dgRfessants and/or the

%Sja‘ii%ﬁdnv@l%re%ffe Sabh REGEvES %%@%s@@ﬁi‘ﬁx@%%ﬁﬁf oPaBbUE 99 to 5 wt%,

certain anpbunt of base oil solvent in the
préfgrably abaus 9.014eck? aNthyl y, the wei ght amounts in the
table below, as well as other amounts referenced in
Tydiéal Aldaisevd Aflionitsosur e, unl ess ot herwi se i ndi cat ed,
are directed to the anmount of active ingredient (that .
[0058] h&Wheon lubsicating qibicompasitipng [centaim gnedek prore qf,ghe additives
dlg&'fséqat aQ@J SRk a&ﬁﬁhb&?ju%?é eerireh Oﬁ‘{t(f‘rtﬁe ba&sbspibrd € an amount

Tht" Of bri cati ng conposi tion.
sumﬂ&ﬁfoirabb @etforrmyitsi lomlndﬁdrﬁxmtlgn oExemiplasy amoupts ¢fziwch additives

(0] r
o hl 3 B S R 5 P G PR, Sl RO iy of
adBét_i\es genghifpeilfr6mQhe mamufabtwprearxhuﬁed@_vllh _a&eﬂam -agnount of base oil
s B SR APl R 1o B 8 e Roft iow, o ven
asAsthér Mmalintd\defictdneed GJn @He preferfd Wigklodooe rurfPess ndtherwise indicated, are
ressant 0.0-5 5 Anti-foam Agent 0.001-3
diggeligrico Qs amigaEt of 20T BHTE R B (UG8 18080 el pertgn of the
mg.%meht)v ETRAGKAIR pekterfigky iddicetlBeloRUire Haged 64 the fthledeight of

one or nore detergents, dispersants, friction
the behricating ol seMPRFY¥SRt s, corrosion inhibitors, and

[0059] Table 1: Typical Amounts of Various Lubricant Oil Components

Approximate Approximate
Compound Wt% (Useful) W1t% (Preferred)
Viscosity Modifier 1-25 3-20
Detergent 0.01-6 0.01-4
Dispersant 0.1-20 0.1-8
Friction Reducer 0.01-5 0.01-1.5
Antioxidant 0.0-5 0.0-1.5
Corrosion Inhibitor 0.01-5 0.01-1.5
Anti-wear Additive 0.01-6 0.01-4
Pour Point Depressant 0.0-5 0.01-1.5
Anti-foam Agent 0.001-3 0.001-0.15
Base Oil Balance Balance

[0060] Commercial additive packages usually include, but are not limited to, one or
more detergents, dispersants, friction reducers, antioxidants, corrosion inhibitors, and

anti-wear additives.

[0061] An exemplary, but not limiting, engine oil formulation will contain 70-90
wt% base oil, 4-10 wt% VI improver, 4-10 wt% dispersants, 1-3 wt% antiwear/extreme
pressure agents, 0.2-2 wt% antioxidants, 1-4% detergents, 0.01-0.1 wi% each of



anti-wear additives. [00611 An exenpl ary, but not

limting, engine oil formulation will contain 70-90
woweseese oi |, 4-10 wt % VI i nprover, 4-10 wt % PCT/US2007/010700

di spersants, 1-3 w % antiwear/extreme pressure

agents, 0.2-2 wt% antioxidants, 1-4% detergents,

0.01-0.1 wt % each of WD 2008/ 002349 PCT/ US2007/ 010700

-17 dermul sifier, seal swelling agent, friction

nodi fier, and antifoam additive, 0.1-0.5 w % pour

poi nt depressant. |In-sone cases, sone of these

addi tives are packaged together by an additive

pplier. In these additives, the VI inprover and
demléepﬁms émlss\’éﬁlbnm ngent, frictionghedifien mnd matifean additiys, 0.1-0.5 wi%
pod B0 SR, AP0 5SRO Wai 8 e MhElpe g
ancadditive rsusplimcr badhese additivies.ctisi VY improver sdnsudispesants are high
v@&%gff% ch%g)% ?ﬁ?t('l?gbﬁ fe| lgfg)ﬁﬁ ctehﬁ 1?1% @H%C@W%%%ag I’l:%ndition). When
heateddbtabontd09 Cothiedvitamsities rod tbuanwnmutnpoheﬁﬁmbcm:ay to a viscosity

a4 3o 00 ARHE il S S SRR i v st
di Stk tb MaAdleiish thepraditiorabliyeidihahd e eqaﬁpmenﬁl l'y where

a high degree of blend accuracy is desired. If the

iston and_barrel are not be fitt one anot ]
n MaayP Py haye a pisten of PynesT wﬁ'éclbah@@mﬁ@ el gthe tip of

wPﬁQi) li'iTFa efs tbiafhpoifPt S&hktnmﬁf‘ﬁni h? Ghal bdiviely Bfie eésﬁg&ﬁl‘gy where a

because t here |s a voi d vol une ween the piston an
higly degnsgrafdilend pccaretis slesired. r Ifctha nigon aagd hagre ags peinbe fitted to

oﬁe%o em;an prstb% ik Pt mk&me\é%rén oVt By TRl 10f Yi§uid, not all

acenen pettes (herein also reférred to as
the Liqvidjwil)l bartaectpd because tharetis hawped pobiem betyreepl thagésten and the

bagl?,lc IT§ %Hﬂloﬁh Qﬂecaﬂrbq—: ﬁ%@%d_lt%t&/% ﬁ{e Loh eﬁ‘ﬁr fhe! lbqu%‘d Low Void

pensing tfp or need I's mni zes
VilemeeRBositine Qisplagranent rPipéttasotheeninl alsohecfemed de a§f “EVW¥PDP”) are

pl?‘%]e%f/%gt a% 1|sto§§] gr Plﬁ%@f]ss 'ﬂgl%h%‘[a @tln @ﬁﬁfg ?nd 52e 3o ltwgac%t/te barrel

prefer
anldelispenhtiag tﬂ) d&r mfbﬂllel [Tihfsnjnimizes thx gd;ebexb/leyn thrspiungdrm piston and

0.05 mlljiliter even .nore. ly e .
the igsidly of otb?t é?etfgr eéeiﬂ’? dispgps E&rgp (Iﬁﬁi nilnrrf% ile{/t DP, the void
voallri]iﬁdlﬁﬁ le$ (tjlidnqll hdllﬂiterabfeféfaglyﬂefk thah \Mmifm'ﬁerp?ﬁira grefaﬂibly less

t iqu.d. A LVVPDP nm e alter e. ef I ne
g O3, 0 201 < o MAPS PR g 163 Oniaiiraier pgespifially zero

tothiduﬁﬂzemse tahﬁ)um BN Gghid dr04ir tﬁpﬁe@béﬁe&a&w@sﬂﬁi anfdl theQiquid. A
is one_  having at | east 70% of the

VVPDP,
LVYFDemay bpngemagpemeﬁgeq bt S adtang of 119 SapPepmap or necdle
thﬁi! HNEIRLa byt @ £ o8 his! dMrifive de@inftioPbs gE[.VVPUTE it is one

tip or nee 30% or less of the total vol une of
having atilgast r70%eeﬂtlhe volwsne ofthefdispebbipg tip enngedie filedpy the plunger,

thgr%}‘drg Qeﬁhtnllg h i1d°Rume of the tip or needle of 30% or less of the total
volume of the tip or needle. More preferably, a LVVPDP is one having at least 90% of
the volume of the dispensing tip or needle filled by the plunger, therefore resulting in a
void volume of the tip or needle of 10% or less of the total volume of the tip or needle.
Even more preferably, a LVVPDP is one having at least 98% of the volume of the
dispensing tip or needle filled by the plunger, therefore resulting in a void volume of

the tip or needle of 2% or less of the total volume of the tip or needle.



the vol une of the dispensing tip or needle filled by
the plunger, therefore resulting in a void volune of
W b@snis4or needl e of 10% or | ess of the total PODUS2IBT7/010700
of the tip or needle. Even nore preferably, a LVVPDP
is one having at |east 98% of the volunme of the
di spensing tip or needle filled by the plunger,
therefore resulting in a void volune of the tip or
needl e of 2% or less of the_tgtal volune of the tip or
needl e. WD 2008/ 002349 PCT/ US2007/010700 -18 [0063]
Two representative types of | ow void positive
[0863p! Ewmpreswinmivces'pas eof bwoweid poFitiygr displacement? pipettes are
h th
shgrvgxsxgxoﬂ%?lp? 1 ngér 2 ?h%‘\&/@gﬁnéﬁw o?ﬁléér@f;{{aﬂé ai) 19121}1 be mgde out of
plmsltnasglass orFgtal. ePdJypmpyﬂmeaxelppéfanyd pm’omdFrg;ma 1o oae exemplary

AR T B bl R SRR Lo 5 o i

préséht jigenlibrk EThe LAY P-IDP t10ds a spiingeelike fpagathat May be disposable or
non- dIS osabl e. non-di sposabl e, devi c be reuse
nafipesabls. o SeB=lispqsable clige may be TRV RGEaL 4 fippasable device

¥Senddd forBsglaRke. Al RetichsD ehe e ifigitebd! 6848 multipl
lsnuln I ple tI%ES for th Qﬁigﬁg céqgonen??m Thel%VVPDP 1mulpe

tithescfagdbe samp gomyiongnts. sl MMYEDE] 20 inglpdesga parrehbl, a plunger 12
tgg%rt'bethe i);rreltapl ﬁaa%téé%a‘?%r ﬂ%gfo%jﬁe I%El?lg% 121960, algls pfjn(??tip or needle

i spensi ng or nee sﬁen5|ng
14 6B thsmsmgdfmoaiﬁeﬁldﬁh%pmfdrdpiﬂ thesl adwrghdesTm ‘Ahghigh viscosity
.SCOSH I a e e .
ISR AR ok by RS 58S e p or

ncetle bict The actumwr ridymbyp bm)mad:dug) aud:lddwmbybfytler ahpamml means or

TR, g RO T g ERFASA 5 n e up o

fill pbditipmntithe otted dchidneatiet(bRof Figiemit de.(plc(tb )heqﬂuﬂgegun ¢heldown or

gﬁggﬁé%sgg’éﬁeﬁé%%mkgbsé& ljg! i a:]_s ﬁﬁv@oiehgt between the

plﬁﬁgb‘ienfdxﬁ thethamen1 kech & mﬁﬁﬁmiz% the d'oichﬁolbﬁfer\@heril&le plunger is
such as to mnimze the void volunme when the plunger

fullg actugtedy act uat ed. [00641 Figure 2 is anot her
exenpl ary enbodi nent of a | ow void vol une positive

[0?6 Pl piRiR 1?'219@&1519 e)lénﬁlgfy Hﬁgo&llﬂlénli‘%fpi fP Rloid volume positive

nvention. The LWPDP 15 includes a barrel 16,
dxmlmgmnt Pipettet t5eﬂ)rtuse tilghehpresast ingention. aT:thIaVB’rPQ% 1pdncludes a

téH 1

balghf 15, ¥ Pt (7 08 8 nghanale, A cchudl LERAE phihger 17, and o
dispensiapttigr matwedée 3aa|aametumel anlnng@rsl % laditip or negdlgnt9 are of an

et ween,t he l.u n l.nsi

oGS oS e R Vot ol Uened e OB B, and he
inyide of thelbamel mﬁaﬁdl dispengihgitiper ndcle $9f hisymandnizes ¢ void volume
wl%nnethse p eunmgaéx! ?2 (1 )fuﬁy ac%:t%%lerde %)n%egh(e:ltn%tig a) of Figure 2 depicts the
plunger 17 in the up or fill position, and the other schematic (b) of Figure 2 depicts the

plunger in the down or dispensing position.

[0065] An advantage of using a LVVPDP to dispense lubricant additives is that
individual pipettes may be used for each individual additive. In the case of air-
displacement or liquid/air displacement pipettes, each pipette requires a separate pump.

This results in a cumbersome system when many pipettes are used. LVVPDPs do not



plunger 17 in the up or fill position, and the other

schematic (b) of Figure 2 depicts the plunger in the
wa@loms/0a349i spensi ng position. 100651 An advant BQEUS$007/010700

using a LVVPDP to dispense |ubricant additives is that

i ndi vi dual pipettes may be used for each individua

additive. In the case of air- displacenent or

liquid/air displacenment pipettes, each pipette

requires a separate punp. This results in a

cunmber sone system when many {li9pettes are used. LVVPDPs

do not WD 2008/ 002349 PCT/ US2007/010700 -19 require

pupps, and therefore equippent conplexity and the e
reguus; pumpsy #1d  twrrfare eauipmend é’°é‘\‘l§?’8§’d. and the possibility of
cdRahARAeH %rd Q{'d/ideci.h@o?ﬁé@ﬁ&{dl\'/r{%%g&bQﬁ@?allbiuﬁﬁeblﬁ%léﬂcﬁhg Bystem is
is sinplified when using L s. 100661 Figure 3 iS
sigpligied yyhearysingcdh ¥W&DRS. of a | ow voi d vol une positive

di spl acenent pipette in a lubricant additive reservoir

| Reet By e [ S0 ngert i ot s

10888]  FIESHE L35 Con oYY, Sohdcheie BYPACES PR Flume positve
displaverent iipettedidi a lubecant edditiveirese2oir 80.s I thisinateda BV EPDP 10 is

. heatjn | ock..24 so_that-4 he high Viscosi lubrica ..
indStd il Btsiie B8er0f 27 Bohelindl KBRESH! Gate bRl *he additive
regeryoirsl ys suffoundpd dyed heatjrgiblophidt so thap thes hipht giscosity lubricant
di spersants i sobut vyl es,. hi.gh nol ecul.ar. wei ght ]
o fts R PRL i heale R itudt B Sty VY igtisets, pour point
de}ﬁmssﬂiteﬁdﬁpaimg,éppmedﬁuxyéb@@t gfghfrhﬁrébﬁlb.ﬁ%ig}ﬁ_pdg@ﬂ@ﬁﬁ)leﬁns and
1.0. about, aegr ees to ecrease .t helr, vi scosl
otfigy high JALOB I MR RS A6, DAL e drarg s ¢ degrees C
toAfdut i1 §@ JepR6KEI6 HebRAtAINRIrNGsuRy Br iNBéioAlinfoh@fEejection out of

hh%? vi scosity _lubricant congfnents are typically . . .
thedaY ¥EDE 400 Lulditivespagkages containine ome ar moreqeigtheas high viscosity
Qﬁ%bﬁﬁﬁﬁ hi8 Gl typicaN9 Hehtéd fRim aBGRHA0 ¢3L@ t&Bbbut
tobfloi co RS AR RE PRI ST BB 0ot G 1 aoout 60 degrecs
Cdq dagpreagethgie Iviseasitycfon ingestion indg and ejgdidon puteofrtbe BMAMPDE 10.
30. Each additive reservoir 22 is surrounded by a

[ 0 ) ddi.tive r [ A .
10087 | Hielrefi5s 2 ofeififlad Wi | R Wl of%dtdiiVe rescrvoirs 30.
E4daodddstivenmeservais 22d5 surasunided bycailreatiag ibbacked. L EAGBDIditve reservoir

0 avoi d.iss associ ated.wi,t,h.cross,..contam nati on of )
24 s Dufin BB D B Kb B TE T MBS s el as its
owhl | dedicackel D.?T/b\lm}m?tdéh_ﬁﬁﬂﬁsﬂéé Sas@cm 1lzdédlgvithr,ll|0ﬁi’s_stdmtamination of

pe ang. nu 0 ri.cant additives. eatin )
bR 300 Therd mastod Brm | i oSAaiRe ks 24depending
u;ﬁﬂﬂt!ht i %xﬁfﬁmsdt:ﬁ@flaepi?&m Qddiits.ng I]E?éaﬁﬁg bleck ZRyhaealso control
contro e . a e erarure rangin rom.roagm
fromnpns 19 ar’éwﬁau% FAdHBG rei%qﬂ'%g?%ee e chegtipg ipgles 24 may be
cahRdNed i€ alt¥RBedtura dshigihg Grom room temperature to up to about 100 degrees

C depending upon the type of additive.

[0068] Figure S is an exemplary schematic of a lubricant blend station 40 based on
the use of LVVPDPs. In this embodiment of the present invention, a robotic means is
used to control the movement of LVVPDPs 10, ingestion of lubricant component from
the lubricant additive reservoir 22, and ejection of lubricant into a destination blend
container 52. An exemplary, but not limiting robotic means, includes a robotic arm 42

connected to a support bridge 44 as shown in Figure 5. The robotic arm 42 is used to



100681 Figure 5 is an exenplary schematic of a
| ubricant blend station 40 based on the use of
wWOXRDIS49 | N this enbodi ment of the present i NRENUSINT/010700
a robotic nmeans is wused to control the novenent of
LVWWPDPs 10, ingestion of |ubricant conponent from the
| ubricant additive reservoir 22, and ejection of
| ubricant into a destination blend container 52. An
exenpl ary, but not limting robotic neans, includes a
robotic arm 42 connected to2a-support bridge 44 as
shown in Figure 5. The robotic arm42 is used to WO
2008/.002349 PCT/ US2007/01Q700 -20 select_a, LVWPDP_ 10
sefqchm L Y Y PO b@ diomy éts Jasnertiveeadditiue geservom2 fin tﬂFFeLVVPDP source
arka e I BRSPSt tRE LW PSP 30 b EHe?JID@WﬁP ddiink0o ke
the LVWPDP destination array 48. [00691 The source
array 46 may al so include one or nore heating bl ocks
[0969% o Thesomees arrpe 46 gwwalg@ o§¢lv9e 2agi o1 more jheatingjdlocks 24 to
[
péﬁe#@“%%é? E}Ségﬁﬁg§§‘?lﬁve zones 2 §’ Evg\gmtﬂevmvﬁggéihe Yor example, in
Fl@@@ 5atheee aredthage E@@ng zancs 24 showu with ouoat 90°C, a second at 50°C,
e t Th e nati-Qn. arr A48 1n
ark PR HE Sopud RrERUMRET O BERAHAR, ARG 4FCHoRldes o series of
de@iﬁhatuﬁr Plenid téretaimersh 52i for odéliverypadi thleva,ghTthosuy additive. The

t i nat 48 d 54 fq
R DA g s IpF ot B bR 5 Miich Bebedhe Suppal ubrican
addﬁﬁﬂ‘ depdenéd b laoiesbhaam Kewt wmﬁhepp@:ﬁd»madl o2 Halkeice 53. The

al.ance 3 The positions t \VVVPDP
robetia g 42 misitipes et VEDID] SrtiveOhe dpsiioen bomdconfainer 53 that
is Mitibh&!‘ 8fl t6p of A Pdlahdte5PRMPRGES theddtllitivi Bé thd BlRnd container

dditive into the blend container 53. The robotic arm
5342“??359‘99% AT J2ianathen opHpaally injrst theqpdditive from the sagpe LVVPDP

l(ﬁﬁﬁg o'angore]-&hbphgstﬁﬁﬁoﬂ 'bléHar Sorf4iR&s ﬂesﬁ'h@ 3bbSUt arm 42 then
bl end containers 52. The robotic arm 42 then noves

moygs the/ UMYPRB 19 ekk to tltemgmal grdisive sergrediy 22 pEtherspyrae array 46.
Ng %veﬁfﬁnglﬁ‘ the qfn%ea\x}sp%gx 4(9’ the I\I‘EVW%? mxsoﬂeehgc? bhfvﬂ:%naé&gh use as
the ti b

Fo”i S needed” bet ween . eac
tht ladditistd ireingims constantsinceank additive mesea@hr 22ldEacly additive reservoir 22

andfor dedd Jtlo%ﬁ?xﬁgf' g%%g%l% an%)q{a\(lg a seét%ﬁn @1&9 /sl%wn to reduce the

estlna I'on a se
anjaott of isom)s adnimmjmmhm n@ﬂtnmtumbf the $AOVIBDRA. t | ve
coating the needle or tip of the LVVPDP 10. [00701 The

1ob P rosie 3PPl o™ A2 AR AR BriIgg 4 B P by AgtomButer or

prégRMmable mgietdoﬁtmn&e(xfot FRYRARE combdlt thiie thévdrént relative to the
sour ce array nd the destlnatlon array 48 in order

SOPESEATERY- 4 g‘er a?ﬁB‘Pﬁ“‘P_'VWBPQS ip @rderig RigHP japd e{F'H’F‘HéVVPDPS

10:0Thé BOHARR §h 32 COARSA&! bPh RANPud GHBRIgahRdble logic controller
controller (not shown) is also used to control th

t he
(nghywhomn) ds alse dﬁsw teconsegt e ampewntiod @ddifiypspeked into the LVVPDP 10

at the source array 46 from each additive reservoir 22 and the amount of additive
dispensed at the destination array 48 into each destination blend container 52. The
computer or programmable logic controller contains information on all the additives
contained in the additive reservoirs 22. This information includes, but is not limited to,
_ physical properties such as viscosity and density. The computer also has a list of blend
recipes, which includes the concentration of each additive in the blend recipe. The

computer or programmable logic controller also has a feedback control mechanism to



at the source array 46 fromeach additive reservoir 22
and the anount of additive dispensed at the
waele@siomatd on array 48 into each destination bleemus2007/010700
contai ner 52. The conputer or progranmable |ogic
controller contains information on all the additives
contained in the additive reservoirs 22. This
information includes, but is not limted to, physica
properties such as viscosity and density. The conputer
also has a list of blend regipes, which includes the
concentration of each additive in the blend recipe.

The conputer or progranmable | ogic controller also ‘
they halapes fascieatRllingntheoveight ph prchnadditiviocompenpan dispgnsed into the

deﬁfﬁgﬁlﬁl}@z& OJC?IZQQG: - 531 U é&hg{i&ﬁ dropr abld 'fthri]E héntroller
wel ght of each additive conponent dispensed I1nto the
inadluddsi acalibration| rentine fortthé steokesd therhhingemiinghe barrel 11 and needle

proglr i t el . j -] OR:
1PHOBETVPRDR, |09k IR S o RULIALA Rl B pensea
Thilcaibsiativme thutine lahdofeetibackl vuiRfoP rhechasissugllbive theilghticant biend
of a vapticular lubricant additi.ve di spensed. ~The .
stfiap 5 B s S FEPRRE BB ARy frgnse lubricant
adaitive\Wsndpdfents kitb aaiebtimdtntblernd ednitdifierS3 pdsitidiedurethe balance 54.
invention to nore quickly and accurately dispense

| ubricant additive conponents into a destinatjon

[0871dndAs dhr eampitendingsds p i \ohBRP I terithdipy iegpesific volume of high
viscBGityl lubcahh %oﬁ%ﬁ&?te froffl R Ciddlifvd- YARRR i 02t ndMdepsdifl¢ into a

a specific volume of high viscosity |ubricant

degtinpiondiend qosaingT Bl di MpY eakeSWp\siTROTe neasaremets j Thg gomputer
mdtnﬂ&ﬂs the Widhé BRhigAVISRY 19 RaAl Sfthpotnt WithdBYWWHTBY the LVVPDP

Wo or nore neasurenments. The conputer nonitors the
10y oIy pddigionh thehmasss 06 hiighy visgpsitye bricasinpunpenenidenesitedninto the

deDndtidf #Jl}/é}{ﬁ %nt&iger s ?sd%éa'sﬁ%geﬁ?eth arftle g%lgge}tting under the

VI SCOSi ricant “coitponent deposited Into
destirsttionablend cohiaimer cnt diheedestifation bisadromthingr fdrelubricants may

bal ance 54 sjtti u th stipati st
e R sk 0 5 St BB AP 80 an 10 it
in bohm<fniptodiing satalDhibBidaitdblémelss t han 100 nmilliliters

in volunme, and preferably Iess than 10 mlliliters in

vol ung, for ucing soal| l.ybricant. hlends. [.0Q72]
ol Pty TBBBS ) e ied, et Esel SRS RS Gty e souree
arra$ 460 mlalQlSObE 6 ispushBlE-téfe PRkttal I8 thie qse, the robotic arm 42 will
_di sposabl e-type \égette. In this case, the rogatjc arm
pidoupig pispprad E@P RP sibdapye it PPECPIHIY @it ve greservoir 22
dePt}ﬁiiﬁ'é’ ROl Alcri sl diditede 1645 Be/ Aisposable IAPEPDPNY0 Glith additive,

he addi tive desired, |oad the diSposable LVVPDP 10 |
maye e theidestingtion blepd €ontginer 82 deanld kgondep pf a halance), and inject the

lubPdhne %@cﬁhvé %Tt& G bRnECoRRidePB20TIR J@hﬁﬁfcﬁ) bleftlontainer 53 may
I'nject the It d

ubricant a Ive into the blen .
alsoooptwinaly b 3ittimien desbilprasi Bhathe Hihecafrinjgctien toMepgyye real time
the weight of lubricant additive being dispensed. The disposable LVVPDP 10 is

discarded once the additive has been added to all the required destination blend

containers 52.

[0073] The positive displacement technology of the present invention still requires
heating to handle high viscosity lubricant additives. However, by enabling more
accurate blending of high viscosity lubricant components, the use of LVVPDPs results

in more accurate blends without excessive heating of the high . viscosity blend



al so optionally be sitting on the balance 54 at the
time of injection to neasure real tine the weight of

wo pesioeams additi ve bei ng di spensed. The di spoBebU£2007/010700
LVWPDP 10 is discarded once the additive has been
added to all the required destination blend
containers 52. [0073) The positive displacenent
technol ogy of the present invention still requires
heating to handl e high viscosity lubricant additives.
However, by enabling nore agzxurate bl ending of high
viscosity lubricant conponents, the use of LVVPDPs

results in nore accurate blends w thout excessive
compan¢ntg fe tempetater of the bighsvitopsity blead\nongoognioeyasiditive should
| > leg ) el 51, of
be{%%eg Vﬁ g \7Pg%fgé?%yb?}ﬁér%e‘(ﬂ:ﬂ’gnponéﬁetﬁ%%réalggi%t I ve should
be bel ow 110C, preferably below 91 C, and nore
[09T4]f eThd lagcuradyoof Sdbritanf bndh ridde withuhighyvisdosity lubricant blend

| ubri t pl i th hjgh vi ' | '
I N e e el T ——
sitfiblyarieously rmhéwetrihgplico weikho yind Siotarhé dakbvered yo theablend ngssel. This

th i ght and vol u del.i vered to,the bl sel
iy g Sk, by RS, SO HBAFEN GIREHES V81 e LR bEpTol By volume
calc@RitddV¥PRRultipltiRg the ImuiBured ahass @ithckhbydensity ioflthé dgh viscosity
t he rreasurgd SS vvithtﬂg density of, the hi

h .
copPoReY; sigred 4B G SEMPUETro b e Ko %ﬁ‘ﬂfseﬁeg’f‘ife‘?’ﬁ%ts are not in
aghRhieRBIRAGN R cBRith B BeSrepbRedBY tHetongait@ement

than an error condition may be reported by the
conmputer. 100751 I n another exenplary enpodi nment_ of

007 plreanatherj srpamlaryembngimgentyofghe prifephinventien slepsity of a high
. - a r . »
visg 8o} AR ARGl i ihe? SEAEAL fryaS@RU! BRI ihlitaneously
. malong luteicaot blends)viathebtampusesi or prograroimiable. logly gontrpller. This is
i he 2 :
ol B i e 18y i BN HRE R RS Sy BAE BhiRplTR for Bach high
visvosipw hibpicant| dddvjfonehtn yet anot her exenpl ary enbodi nent
of the present invention, density of a high viscosity

ricant, conponent b asured.over a. ran of .
100l o ch BOT oA AR P e 4 resed "R fensity of a
high $13666ifyylubiibrit GaRiponenfaaR bt neusdredongr i rafigé bE temperatures by

vql ug and mass. The densjty.is %hen cal cul at egpay t he . b
vaping thestemperaiprs Rt V‘SF?VJ’g'iyc‘“ BRI SOFRCTENES §G i rgatgring the
voliific ARG Ay, TR Helsityss th&Déalbulbfedshy tHe y@thp@ePbh pfogrammable

enbodi nent of the invention, the identity of a

) ] resent
IOQF\‘F%“‘PH"@WY\H‘&M%W%BPW&%YOIBHWponent may be

verified by conparing the density
[0077] In still yet another embodiment of the present invention, the identity of a

given high viscosity lubricant component may be verified by comparing the density
measured as above with an expected density stored in a computer database. If the two
densities agree within a certain tolerance, than the identity of the high viscosity
lubricant component is known to be correct. If the densities fall outside this tolerance
than either the wrong high viscosity lubricant component has been used or its density is

outside of the specification.

[0078] The accuracy of dispensing a given amount of lubricant additives can be

further improved by using a combination of a large LVVPDP or a conventional pipette



measured as above with an expected density stored in a
conputer database. If the two densities agree within
W@2@8003i4n tol erance, than the identity of theP¢i/gk2007/010700
viscosity lubricant conponent is known to be correct.
If the densities fall outside this tolerance than
ei ther the wong high viscosity |ubricant conponent
has been used or its density is outside of the
specification. [0078] The accuracy of dispensing a
gi ven anmount of lubricant addstives can be further
i nproved by using a conbination of a |arge LVWPDP or a
conventional pipette W 2008/ 002349 PCT/ USZOO?/ 01070Q
witp. sinalh T4 \HRP! - Theriese VPR gt the gprysngonal givetie 1s used to
di%ﬁ%ﬂgf 5. 99 bt {He’:ig}%e? gh? %ﬂdttﬂe a&hﬁlp&l%ﬁtﬁgd&%%hqetermmed by
ar ge quantlt e actual quantitly added is
thel &aknne.n dhebyompiter b:aﬂmm@grmablsripmeﬁwrmollph ¢hen calculates the
R0t I
refa i B R XU B b il (PP PP G po BB e pack routine
caatheom’dad ﬁlﬁheltbsmjzrowe uhe daspenang lof luloricant edditives from LVVPDPs
rov ensi ng of lubricant additives from
mﬂ% ioh ﬁ%‘ % ventional pipettes. [0079] The
| ubricant blend station including LVWPDPs for
[007FPeThe hbritafhbléhd stasiohincladidp i WEBDPE fbh&spdfr&ﬁtgﬁhgh viscosity
invention are suitable for |abora ft@ q%l i cat
adfiiseg afribe MFERE IRVEROR FeSUIARS, BF JEhqjRTy Shpligationg gvhere the

blepPGh&afes Ia}ee%tﬁk‘?} E:R11 WMeUdbﬁéhdtWQatlcfrpfncludmg LVVPDPs
dlspen5|n% i gh viscosity additives of, the, present

for msmmla& vireestys additiNese of dhe Presg NMERliRihatst also suitable for
hi Bt 2k p&mEhthEdn t(m)qué hﬁﬁﬁdaﬁeﬁs The&Lapplications do not
Ilcatlons do not |im range of ot her

hra*s pthp cangeont other appligefions foy H?lmdam Jubnigants, ppd dubricant additives
anii t etdhe

WS 1B Tca B diliorl faht SR IR A BEufhecdl®
have attenpted to disclose all enbodi nents and

lﬂﬂ&!]l i ézpplicmss bdvet ditempded ti disddsesalbgmbodimentseand; applications of the
. f or I er b

dlsc Sgr esg’ba Irréa “ Eié%tb 5‘23’? a Hgg\g,l %’a F%Qs err’eﬁnglr% may be

urﬂ&reeqaab}eal 1embstanwn Imodnﬁ&nqmseﬂmntremaueml eqmwdmtbeehvhile the
descri bed.in ,conjunct h specific | ar

PR GG (e RO Joporibed JpcRaupRion pafif sbeclic, exemplary

endthddimatits Qh&eoﬂ@disfdv@ﬁml I s, matydalvensiti dis] ﬁiliﬁhﬁcmlbhs,bﬁnd variations

ed in e art .in li

arent to those .tz f t.he .
w$€ Hnargt de dhose ah i%i thf, gtfin ’@Qba ?}er@r?g% fpgription without
frﬂgtﬁ&h thé Q?ﬁthfr scBfe Bf fCpresdtit PrdchSUEE - Accordmgly, the present
ccord he present disclosure is intended t

dls_qm@es @Fqndgé do embrageal] sueh alFﬁéﬂi‘fﬂScaloﬂthf‘sm"aﬁcP“d variations of
thé’%é@de@eﬂ&d‘lfescﬁﬁ}ﬁm@b‘)Ve detail ed description.

[0081] The following examples illustrate the present invention and the advantages

thereto without limiting the scope thereof.

EXAMPLES
Example 1
[0082] Three lubricant additives were dispensed using the 10 ul Gilson Microman

low void volume positive displacement pipettes (Type CP10) and the results are

compared with those obtained using the Tecan Liquid Handling device which is based



[0081] The follow ng exanples illustrate the present
i nvention and the advantages thereto without limting
wao bessespe thereof. EXAMPLES Exanple 1 [0082]prdhugmo7/010700
| ubricant additives were dispensed using the 10 |
G lson Mcroman |ow void volunme positive displacenent
pi pettes (Type CP10) and the results are conpared
with those obtained using the Tecan Liquid Handling
devi ce which is based WO 2008/ 002349 PCT/ US2007/ 010700
-24 on air/liquid displacemepd- The descriptions and
the typical properti es of the additives wused are
given in Table [180831 Table 2; Descri Ptl ons, an s
onwrﬁll@a dmnﬁf@mqnés ¢ deseaiptions and the ypieg! prppertics Af|the additives
%én%tg‘\?ﬁ@: fi neum D3426 I nfineum V387 Additive
ype i%pog%ivlér& Addi tive Pour Point Package
Depressant Kinematic Viscosity at 1025 190 85 100C,
[0083] KTables: i Desériptions and Bypical Propertizsiof thegfslditiges Used in

,S_G | sSon '\'/l craoman M 10 _aoaava

T,

excel lent results af Pawenesid, Jiinfineyn 3426, tnfogpm V387 |

Additedyne qui d handl|i nY! Byexayss cdul d Aftitiveingl g t f@ur Point
sane _conponents at _foomtenperatyre Papkage oy t s Depressant

Exafipdell It was found that the | ow void positive
—displacenent pipette

Koteraatived Viscosityt het M cr ot®35M 0 ifs gi v8R0in Taple 3. 85
100CceBtpari son, the Jdata fromtheg Tecan |iquid

Kiaadating ¥issosity | sat@i ven i-n Tabl g 4. [®0@51 Tapl e 3:740
40Cse®insi ng Preci si o% of the Mcrdman MLO LVPDPs

(Target 10.0 |, Room Tenp) Paratone 8011 InfineumD
[06846 I10fwhe usuyBShat ghamewgvaits msihive diBpkpemsnt #Hipettes Gilson

@r@ggrg 1\91(9 %%ge %xgeql%nt resuPls aP rggr% tgr%pgra Qrzgwhlle 91elTecan RSP100
liquid handling system could not handle the same components at room temperature.
The results obtained using the Microman M10 is given in Table 3. In comparison, the

data from the Tecan liquid handling system is given in Table 4.

[0085] Table 3: Dispensing Precision of the Microman M10 LVPDPs (Target 10.0 pl,
Room Temp)

Paratone 8011 Infineum D 3426 Infineum V387
grams grams grams

. Dispense #1 0.0078 0.0090 0.0083,
Dispense #2 0.0079 0.0091 0.0080
Dispense #3 0.0081 0.0093 0.0085
Dispense #4 0.0080 0.0095 0.0081
Dispense #5 0.0080 0.0091 0.0084.
Dispense #6 0.0078 0.0093 0.0084
Dispense #7 0.0080 0.0094 0.0083
Dispense #8 0.0080 0.0091 0.0083
Dispense #9 0.0079 0.0092 0.0081
Dispense #10 0.0080 - 0.0091 0.0085
Average - 0.0080 0.0092 0.0083
Standard
Deviation 0.00010 0.00016 0.00017
% Coefficient of

Variation 1.22 1.73 2.09



Di spense #3 0.0081 0.0093 0.0085 D spense #4 0.0080

0. 0095 0.0081 Dispense #5 0.0080 0.0091 0.0084.
we@pemse #6 0. 0078 0. 0093 0.0084 Dispense #7rPCOr/09807/010700

0. 0094 0.0083 Dispense #8 0.0080 0.0091 0.0083

Di spense #9 0.0079 0.0092 0.0081 D spense #10 0.0080

0. 0091 0.0085 Average 0.0080 0.0092 0.0083 Standard

Devi ati on 0.00010 0.00016 0.00017 % Coefficient of

Variation 1.22 1.73 2.09 WO 2008/ 002349

PCT/ US2007/ 010700 -25 [0086)25Fabl e 4: Di spensi ng

preci sion of Tecan RSP100 Iiquid handling System

t .5 |, .Room Tenp) Paratone 8011 |nfineum
[9938b Qﬁ%‘?‘ 2 r i PG, BiebisipPok G BSPE)S ahebandling System
( %)?532 il 56685TemMBHo32  Di spense #2 0.00527 0. 0108

0.00987 Di spens 0035 0.01015 0. Di spepse

#4 0.00639 0. ooggiﬁgé’ﬂg’(f@gg D spg“rﬁné?“%gﬁgg%s 0. (pgHEm V387
0. 00989 Di spense 3‘5“ ‘.80542 0. 0095F'8M50949 Di spefEEmS
Dispensodd12 0. 0088690088049 D spens®09839 00018 = 0.00932

DispaRé420. 00935 DDHPSRTe #9 0. 0066®.01081016 0. 0092700987

. g #10 0. 00638501011 0. 00974 pispense #11 o oo
’g@%@?% 0. 01046 O. 8.%9%?: D spense #0_%5500563 0. 00(%?,3983

Disperne 4 0
Dispense #5 7E-05 0.00912 0.00989
Dispense #6 0.00542 - 0.00959 0.00949
Dispense #7 0.00012 0.00886 0.00949
Dispense #8 0.00018 0.00874 0.00935
Dispense #9 0.00666 0.01016 0.00927
Dispense #10 0.00629 0.01011 0.00974
Dispense #11 0.00616 0.01046 - 0.00938
Dispense #12 0.00563 0.00981 0.00973
Average 0.00426 0.00976 0.00958
Standard
Deviation 0.002622 0.000637 0.000226
% Coefficient of
Vatiation 61.52 6.53 2.36
Example 2

[0087] It was also found that Microman M100 (100 pl) low void positive
di;placement pipettes also gave excellent dispensing precision at room temperature
when compared with Tecan RSP100 liquid handling system. The results obtained
using the Microman M10 is given in Table 5. In comparison, the data from the Tecan

liquid handling system is given in Table 6.



Average 0.00426 0.00976 0.00958 Standard 0.002622

0. 000637 0.000226 Devi ation % Coefficient of 61.52
wWG2®8/0@2386 Variation Exanple 2 [0087] It was BCBHUS2007/010700

found that M croman MLOO (100 I) low void positive

di spl acenent pipettes al so gave excel |l ent di spensing

preci sion at roomtenperature when conpared with

Tecan RSP100 liquid handling system The results

obtained using the Mcroman MLO is given in Table 5.

In conmparison, the data fromeéhe Tecan I|iquid

handl i ng systemis given in Table 6. WO 2008/ 002349

PCT/ US2007/ 010700 -26 [0088] Table 5: Dispensin
[0088]ci sTahleds: Dispensing dirgeisionoof theplisrqmen §di00 I%OPIDPS (Target
100,0 o Beofehgrrp)Par at one 8011 | nfi neum D3426 | nfi neum

V387 grans ens O 086. 0. 094
0.086 Di spe ?éatﬂﬁgggggsgqé‘ qB? %‘@ Y383
0. 086 0.0936 0. ®&%B5 Di spense SN 0861 0. 09:%*“8 0858
Disprase#1#5 0. 09508®. 0938 0. 095894 Di spense #@-08®86
anims@#m%g DOd)85Ase #7 0. 088P30. 0937 0. 089859
sRBs#3 #8 0. 085086 0935 0. 0850936 spense #90[D83861

9)19&% 9. 940856 Bigwagnse #10 0oQ@5ES 0. 0936 0. Qaf3s

8‘8%'%# 086 O0 35 0. 08582 ndard 0. 00
00016 3/I ation % %) fl cient 0.0 (g 209
1i1§=§1se# 0859

Dispense #7 0.0861 0.0937 0.0858
Dispense #8 0.086 0.0935 0.0857
Dispense #9 0.0861 0.0939 0.0856
Dispense #10 0.0859 0.0936 0.0858
Average 0.086 0.09375 0.08582
Standard 0.00008 0.00020 0.00016
Deviation
% Coefficient 0.095 0.209 0.189
of Variation

[0089] Table 6: Dispensing precision of Tecan RSP100 liquid handling System
(Target 125 pl, Room Temp)

Paratone 8011 Infineum D3426 Infineum V387

grams grams grams
Dispense #1 0.02438 0.0478 0.11589
Dispense #2 0.01614 0.03666 0.115
Dispense #3 0 0.00935 0.11019
Dispense #4 0 0.00995 0.11077
Dispense #5 0.00345 0.01134 0.11143
Dispense #6 0.00803 0.01256 0.11477
Dispense #7 0.01981 0.03488 0.12335
Dispense #8 0.01368 0.0295 0.11597
Dispense #9 0.01262 0.02792 0.11578
Dispense #10 0.01449 0.02479 0.11587
Dispense #11 0.01894 0.02808 0.11596
Dispense #12 0.00852 0.02679 0.11578
Average 0.01167 0.02497 0.11506
Standard 0.00784 0.01209 0.00341
Deviation
% Coefficient 67.20 48.42 2.97

of Variation



of Variation [0089] Table 6: Di spensing precision of

Tecan RSP100 liquid handling System (Target 125 |,
wWOoRR@sNTBAP) Par at one 8011 I nfi neum D3426 | nfi nECMUN387010700

granms granms grans Dispense #1 0.02438 0.0478 0.11589

Di spense #2 0.01614 0.03666 0.115 Dispense #3 0

0. 00935 0.11019 Dispense #4 0 0.00995 0.11077

Di spense #5 0.00345 0.01134 0.11143 Dispense #6

0. 00803 0.01256 0.11477 ©Dispense #7 0.01981 0.03488

0.12335 Dispense #8 0.0136820-0295 0.11597 Di spense

#9 0.01262 0.02792 0.11578 Dispense #10 0.01449

0.02479 0.11587 Dispense #11 0.01894 0.02808 0.11596
Exgmpledse #12 0.00852 0.02679 0.11578 Average 0.01167
[069@249313@0&1@&@ wad a&ﬂéﬁééd%%&ﬁ‘ke&p%%g% S09@034d 90°C using 2.5

Devi ation % Coefficient 67.20 48 of Variation
ml\depgms/ §cizatific AWFitS2 dBPlageZE0 plpems @%&Tﬁ%é with and without
a

m{:%?%gtr}%rfu%?ag %gé)el‘%a%ﬁ%dqb %BFE)%?)S})&{[% ﬁ]ggmgrrhove the air space near
thSe'né wof ithie tip.p Ak trhodi fidatig mdecmsrthe wojskof the pipgd®- (D8Yas found that
with.and. wi,.t hout . nodi ficatian. A.razor. bl ade was_ used
tnf el 15 Bb iRy vsmel® i osrinelg o GdiR g P&ture and
att508C e Hbvwaivei ftc00°Cpno ddveaniapeividsatiseved) Tl da drbgiveaiifl Table 7.

of the pi pette. It vvas found that the nodification

[0{)§ %E{!x%\g@:s Verrent ;ng\g@a ng}({ Deedd gxhograg%%;é)oag] and 90°C

@’tkf}ﬁ %}pealfe@ iy end wit q%pgd ications.

Room Temp 50°C 90°C
Regular | Moadified Regular Modified Regular Modified

PDP PDP PDP PDP PDP PDP

grams grams grams grams grams grams
Dispense #1 2.135 2.167 2.134 2.141 2.118 2.093
Dispense #2 2.152 2.162 2.145 2.149 2.120 2.121
Dispense #3 2.158 2.163 2.127 2.146 2.107 2.102
Dispense #4 2.166 2.166 2.128 2.154 2.118 2.099
Dispense #5 2.153 2.152 2.144 2.158 2.127 2.124
Dispense #6 2.139 2.171 2.133 2.142 2.098 2.131
Dispense #7 2.140 2.157 2.130 2.150 2.107 2.114
Dispense #8 2.148 2.175 2.149 2.146 2.114 2,123
Dispense #9 2.143 2.161 2.124 2.137 2.084 2.122
Dispense 2.131 2.159 2.115 2,137 2.108 2.107
#10
Average 2.146 2.163 2.133 2.146 2.110 2.114
Standard 0.011 0.007 0.010 0.007 0.012 0.013
Deviation
% 0.502 0.311 0.488 0.322 0.587 0.594
Coefficient
of Variation




[00911 Table 7: Di spense of Paratone 8011 at Room
Tenperature, 50C, and 90C wusing 2.5 m Jencons
W®e008/0023f19 ¢ pi pettes with and without nodifi car¢DNS2007/010700
Room Tenp 50C 90C Regul ar Modi fied Regul ar Modified
Regul ar Modified PDP PDP PDP PDP PDP PDP grans grans
granms grans grans grans, D spense # 1 2.135 2. 167
2.134 2.141 2.118 2.093 Dispense #2 2.152 2.162 2. 145
2.149 2.120 2.121 Dispense #3 2.158 2.163 2.127 2. 146
2.107 2.102 Dispense 44 2.168-2.166 2.128 2.154 2.118
2.099 D spense #5 2.153 2.152 2.144 2.158 2.127 2.124
Cg@]g@se #6 2.139 2.171 2.133 2.142 2.098 2.131
se #7 2.140 2.157 2.130 2.150 2.107 2.114
D spense #8 2.148 2.175 2.149 2.146 2.114 2.123

1.0 spanagetiéd %fmgpeasﬂqglh%h1%c&it;3mb2ic&&4c&nﬁaaems with tubeless
Di spense 2.131 2.159 2 115 2.137 2.108 2.107 #10

Positéyegjeriacement pipettgs o form plubmgant blenyl compusingsthefellpying steps:
0.011 0.007 0.010 0.007 0.012 0.013 Deviation % 0. 502

0. 314d -id]iﬁg\oaolo%\z $ofd 5&Mﬁﬂwecﬁﬁé!;ab&h§rﬂgplﬁéne for each lubricant
Variation WO 2008/ 002349 PCT/ US2007/ 010700 - 28- :
camppnest contajnedpwithin splubgicancadditive resefiyolri g8éopeyor more lubricant

b%ﬁl&)g{)&gﬂ,tersconponent s wWwith tubeless positive
I'splacenent pipettes to forma |lubricant blend

conprising the followng steps: providing a | ow void
vol uineeptingg intoesaill dpwacsdevdlupe paisitével dispkaeinent pipette from the

ubri.cant. conponent cont ai ned w thi Jubricant
o R E RO on SRRVt T Brig 4P GRBBB Rt g
cont ai ners;
moving said low void volume positive displacement pipette from said lubricant

additive reservoir to said one or more lubricant blend containers;

gjecting into said one or more lubricant blend containers an ejection volume of

said lubricant component from said low void volume positive displacement pipette;

returning said low void volume positive displacement pipette from said one or

more lubricant blend containers to said additive reservoir; and

repeating said ingesting, said moving, said ejecting and said returning steps for

. each additional lubricant component.

2, The method of claim 1 further comprising the steps of:
providing a balance for weighing a mass of said one or more lubricant blend

containers; and

controlling an actual mass of each lubricant component ejected into said one or

more lubricant blend containers with said balance.

3. The method of claim 1 further comprising the step of heating one or more high
viscosity lubricant components to a temperature below about 110°C prior to said

ingesting step.



ingesting into said | ow void volunme positive
di spl acenent pipette fromthe |ubricant additive
WO e®800iy an ingestion volune of a |ubricant PCT/US2007/010700
conmponent; noving said | ow void vol une positive
di spl acenent pipette fromsaid [ubricant additive
reservoir to said one or nore |ubricant blend
containers; ejecting into said one or nore | ubricant
bl end containers an ejection volunme of said |ubricant
conponent from said | ow voi thgvol unme positive
di spl acenent pipette; returning said |ow void vol une
positive displacenent pipette fromsaid one or nore ]
4. | ubfMheantthbd efi¢laimri firther somprisiaiz dhe step tof \heatieg; ensyef more high
.and _repeat | sai d _ingesti ' ' igGlo, . :
VISEOUR} A ﬂ%gg}pé’ nF%?u?’n%n%%&egag{ﬁf or %bg%gﬂétgg Si(t:i%rﬁogl to said
indewtitig stgpt conponent. 2. The nmethod of claim| further
conprising the steps of. providing a bal ance for

wei in s. of id one or, nore lubri.cant bl end .
5. Comglgqeﬁ%wgpg}i &lad@n‘f %B‘ﬁ]er ﬁamgﬂsxggttﬁ%lpteﬂé)g € ?n%gg% or more high
vischity FabHcanp raRRiMEN®] RCheknipeAutkabelosnabont SHRCE eprior to said

| ubricant bl end containers with said bal ance. 3. The

ingestim@#feBf claim 1 further conprising the step of
heating one or nore high viscosity |ubricant

co : ; I8P Qi id 4D& sREar Qdite 1o@ less th
6. coirRAE Mol eI ATRRkih SuBhENURB AR if KO shtar Bic o oss than

abe@% ¥ 107ses et hod of claim 3 further conprising the
step of heating one or nore high viscosity |ubricant

comp@nent s 10 -a,.t J . . i ar
7 SRR BoA B SRS SRR PPt v
abeapxilefseg’'t he step of heating one or nore high

viscosity lubricant conponents to a tenperature bel ow
abo 51C

I, t.0 sai i ngest. st.ep.
5.of ol ot et RIEEHeRTh LR is o, (G BRE aFfoss han
abbat ExQD° bk&s's than about 5 x 106 Sec-1. 7. The nethod
of claim®6, wherein said ingesting step is at a shear
rate of |less than about | x,106sec '

The ..8.. T th
9.0f cThg methodgflaimS.suherein; 2 Pjﬁ@t?%g gpP igatg s eeagﬁ%tgr%?l less than
abb £x90* 5&S than

10. The method of claim 1 or 2, further comprising the steps of:
providing a robotic means coupled to a computer or programmable logic

controller for controlling said low void volume positive displacement pipette; and

using said robotic means coupled to a computer or programmable logic
controller for automating said ingesting, said moving, said ejecting, said returning and

said repeating steps.

11. The method of claim 10, wherein said computer or programmable logic
controller is used to measure a volume of said lubricant component ejected from said

low void volume positive displacement pipette.

12. The method of claim 11, wherein said computer or programmable logic

controller is further used to measure a calculated mass of said lubricant component



about | x 105 sec-'. 9. The nethod of claim8, wherein

said ejecting step is at a shear rate of |ess than
W@bwenoB4x 104 sec"'. 10. The nethod of clai mPCDUSDN7/010700

further conprising the steps of: providing a robotic

means coupled to a conputer or programmable |ogic

controller for controlling said | ow void vol une

positive displacenent pipette; and using said robotic

means coupled to a conputer or programmable |ogic

control ler for automating sai3@-i ngesting, said noving,

sai d ejecting said returning and said repeating

cigbiF Jioap i Do Pl feufte POSR APpIAtDaFRLPirtBt hyomftiplying the
deiisits Of €aid lutsridanecarhpsiteind by u’&rvalamb efcerqosfesaid RibeicaitComponent.
fromsaid |ow void volunme positive displacenment
net hod of cI aim211l, wherein said

i pette.
lgonpli%lermsilwsregwéafﬁﬁaai e WRRIFIR saignfomPYIEF 9ts Progrematable logic
cohtidlet & RARF uSedid Rlehslird beGIdRsEd g@ns‘igl & $418TiG:3¢¥ht component
cconponent WO 2008/ 002349 PCT/ US2007/010700 _-30 o ]
ciested tfeomf saginlewi woidovelysiedpesitividisplasemiene plpette by dividing said

i I f
el GREE By <R\ ihite OF iFY Hhbnkahl Bitmpifery ERRRY Hodlsaid Jow void
voluineipoaitive clisplasement pipt¢Be. The net hod of claim 12

wherei n said conputer or programrabl e |ogic

ont &0l | r I Juse ur, I cuI
légenslrﬁ I%Fthoﬁ f ctlfgﬁl Clgh t‘g}é%g%lg?éﬁt gm?ut% & ipr gmmagle logic
cdntrollen |1sj furthenrnosed aei micasmrel ian picam mmsxtp |oiﬁ esafde ldbyricant component

<ify PoRpEid I SREL FoluP EPativR Rismleciis®s HiRettBy BvjifigRaid actual

maﬁgsby said vibilamnk aﬂ'&ﬁﬁlﬂmbﬁbmtdoﬂ'ipoﬁém & b&tedEiom® daidf ool @oid) volume
\A%erei n sai d conputer or progranmable |ogic
p‘tsbti‘i‘fer lacement pipefifer ysed to neasure an act ual
density of said lubricant conponent ejected from said

13.0W YRé dn¥Bbl "Bf ROSi 114¢ \dh&ahagﬁaremmpueﬁtdxe pRigrammable logic
di vi di ng,  sai d actual ,_mass by said _vol une of said

canigellee isfurtberyssd do verfyelbe ddentity af said dnbirisanteprapensmi pigcted from
saﬁ@%\;z'v\b?d dbﬁ:ﬂi@g@ﬁﬁ% dﬁgﬁﬁéﬁl@m gr i m‘i‘g %ﬁﬂg%“and%&hﬁ‘ density

wherein said conput pro
anﬂomldotiail@ilatcé demsitheof saéd dubricant rqomponhet, ia@éndeitelymofng that the
dxﬁ%{re‘ﬁcé &’A%itﬁ@rhis %gfﬂ%%%ﬁ‘et ejected from said |ow void
vol ume posi iV

I'spl’'acerent pipette by conparing said

actual density
16. The method of claim 10 wherein said computer or programmable logic

controller is programmed with one or more lubricant blend recipes.

17. The method of claim 10 wherein said robotic means comprises a robotic arm

connected to a support bridge.

18. The method of claim 1 wherein said lubricant component is selected from the
group consisting of base oils, VI improvers, dispersants, detergents, pour point
depressants,  polyisobutylenes, high molecular weight polyalphaolefins,
antiwear/extreme pressure agents, antioxidants, demulsifiers, seal swelling agents,

friction modifiers, corrosion inhibitors, antifoam additives, and mixtures thereof.



and said cal cul ated density of said |ubricant
conponent, and determning that the difference is
wowaoRion3a speci fied of fset. 16. The net hod of PCHUS02T010700

wherei n said conputer or programmabl e |ogic

controller is programmed with one or nore |ubricant

bl end recipes. 17. The nethod of claim 10 wherein said
robotic means conprises a robotic arm connected to a
support bridge. 18. The nethod of claim 1l wherein said
| ubricant conponent is selectdd fromthe group
consisting of base oils, VI inprovers, dispersants,

et ergen 0 gi.nt. depre nts ol vi sQ utyI enes,
15 gn THeraatr P R Bi st 3r 3Bt SBmpbnat bk s VIEcESity greater
thantabvetad00eoentipoise pt B30SQr e agents, anti oxi dants,
denmul sifiers, seal swelling agents, friction

di ers, rrosj on jnhibitors, antifoam additives,
fﬁ*ﬁtw'@gg ‘h'gf’i@m‘ 15\/\@’1@%8/Wéﬁ@“mﬁmewmhmemlsmsw
gm%rﬁﬁ\na&ﬁt 1e00@ntiphise hel ¢o°, Wherei n said | ubri cant

conmponent has a viscosity greater than about 500
centi poi se at 100C. 20. The nethod of claim 19 wherein
2kaij dTEGI metaechef claim d neldreinamidalubrisarg sidtlitivegesaveir it bavered by a
S€§ t 1000 centipoise at 100C. 21. The nethod of claim
erein said |ubricant additive reservoir is covered
by a septum 22. The nethod of claim1 wherein said
22.ubr Thamiethdd nfl clatnt hivherein Saill dabri¢an@blebdcontainer is less than 100
"‘a}*b#l liter,s in volunme. 23. The nethod of claim?22
exs {1 YQIP®e ypri cant bl end container is |ess than 10
mlliliters in volune. 24. The nethod of claim1l

23vher Thé nsaahéd bOvlawaiZd WRETEsHP ThBricatt 9!&8|&ﬁﬁiﬁé?tls less than 10
@hgett 'éi di sposabl e. 25. The nethod of claim1

m, Meret hod is used in high throughput
experimentation type applications. 26. The method of

24| ai Thd NAREEIR cBhi1 |\9Pﬁ§r¥19' Siy gé\y Foid %rl}rhé/ %oamve displacement

di spl acement pi pette has vol d vol une ['ess
pipettq is|disnesable7.  The net hod of claim 26 wherein said
| ow void vol une positive displacenent pipette has a

23/01 A0l HER ok 656 cfalﬂ'ﬁnl Owﬁer@M lsllildi hitttod is used in high throughput

experimentation type applications.

26. The method of claim 1 wherein said low voici volume positive displacement

pipette has a void volume less than 1 milliliter.

27.  The method of claim 26 wherein said low void volume positive displacement

pipette has a void volume less than 0.5 milliliter.,

28. The method of claim 27 wherein said low void volume positive displacement

pipette has a void volume less than 0.05 milliliter.

29. The method of claim 28 wherein said low void volume positive displacement

pipette has a void volume less than 0.5 microliter.

30. The method of claim 29 wherein said low void volume positive displacement

pipette has essentially no void volume.



28. The nethod of claim 27 wherein said | ow void
vol unme positive displacenent pipette has a void

wo odosne23iess than 0.05 milliliter. 29. The netPodUsf007/010700
claim 28 wherein said | ow void vol une positive
di spl acenent pipette has a void volune |ess than 0.5
mcroliter. 30. The nethod of claim29 wherein said
| ow void volunme positive displacenent pipette has
essentially no void volunme. WO 2008/ 002349
PCT/ US2007/ 010700 -32 31. Hs@-nethod of claim!]
wherein said | ow void vol une positive displ acenent
pi pette has a tapered tip with a void volune of | ess

t han_30% of th otal volune of .said ered tjp. 32.
3hne Hit fsdbot OE el | WHEHE! 1S 0 Yok oOHBe popiie displacement
pip&&d ﬁds\éetaﬁéréﬂ Iti@q:eme BtvoidV a8l as ﬂ@adsmroﬁhé {oalWollline of said
a void ume of |less than 10% of the total vol une of

tagered it apered tip. 33. The method of claim 1 wherein
said | ow void volunme positive dlsplacenent pi pette

3? as %E%&B?@ df dlaitf & hwﬂer\ég'l chid Qb olhﬁﬁé progﬂﬂe%{%placement

he total vol unme of sai tapere t|p
Pln%ttqwhﬁ} aghpered tigm viith a vokbyolumewfiless igant I“Q%sxf ¢he totalyoiuge of said
uﬁk | ow void volune positive displacenent pipette
0 I rove the dispense accuracy in combination wth

a large low void volune positive displacenment pipette

330r aThometindd ofilaimi pevieein s35d 1dw niidiadhohe gosipieon disilacement
h vi scosi |can on nts.,w t yhel es .

pipesh by 2 e Fipc W v it BEPSOL 1555 Gfiede plBis B wolume of said
tapdredéipconpri sing the following steps: providing a | ow

voi d vol une positive displacenent pipette for each

| ubri cant onent. contained within a |ubricant
341 4di ﬂ*wer@eﬁ%@mm TaTHihet icREPRERsthe sfers af ysing a small low void

vdldﬂ’ﬁé iposifive AfpldceiRnt E pefY & i’mpx‘é@@ 1Y didPerRe la8BiraEAH combination
bl end cont ai hers, al ance for weighing a mass of

wighy# dargs, LoV VO GH QP FIEAR L SPIASATCEPIPESEY & conyeatignal pipette.
robotic nmeans coupled to a corrputer or programabl e

35l 00i & HEMLHOLE g'fspfe%mg qQeAli \H?Jo'sﬁgol ?ar{t; od'grﬁa]%de;l&g With€ tubeless

.follow ng steps; heatTng one or
posisivseisplrosment pipattes igHfounadubiicant blsnd cogppising the dollowing steps:
bel ow about 110C; ingesting into said | ow void vol une

pOSl};rb\\{ﬁu%l 2%@0\%{8 onll%Q % ts‘?lvta rcﬁgglgcement pipette for each lubricant

component contained within a lubricant additive reservoir, a heating means for said
lubricant additive reservoir, one or more lubricant blend containers, a balance for
weighing a mass of said one or more lubricant blend containers, and a robotic means
coupled to a computer or programmable logic controller for coordinating and

controlling the following steps;

heating one or more lubricant components with a high viscosity to a temperature
below about 110°C;

ingesting into said low void volume positive displacement pipette from the

lubricant additive reservoir an ingestion volume of a lubricant component;

moving said low void volume positive displacement pipette from said lubricant

additive reservoir to said one or more lubricant blend containers;



| ubricant additive reservoir an ingestion volunme of a
| ubri cant conponent; noving said | ow void vol une
w@omBN2se di spl acenent pipette from said | ubriBP@mUS2007/010700
additive reservoir to said one or nore |ubricant blend
cont ai ners; WD 2008/ 002349 PCT/ US2007/010700 -33
ejecting into said one or nore |ubricant blend
contai ners an ejection volune of said |ubricant
conponent fromsaid | ow void vol une positive
di spl acenent pipette; weightdy and controlling an
actual nmass of each |ubricant conponent ejected into
said one or nore |ubricant blend containers with said
bal ance;. returni said lo v0|d vo 0Si tive,
di s pEIECHRE ARIOPISLPRESE moRs Wers A eiegtion volume of
sd1t duitsticaantGthpérient fronbsid 1AM dbid' Wiuhe %6!31‘05% Hispfidement pipette;
repeating sald ingesting, said noving, said ejecting,
said weighing and said returning steps for each
addi tweeﬂapg|aasrqoe1§ﬁillrxgoﬁpeﬁ@ak magpof Tagh luabrigant egmponent ejected
irtb 84l ohe oS8 dbrRBhfbIeHE b AR IR IR 'i)td{%née,s el ect ed
romthe group consisting o ase I'mpr overs,
di spersants, detergents, pour point depressants,
pol yiretoiming lseiddeow Nig tvolmhe puki&ilve displacement pipette from said one or
t [ LS0E, plessure agents,
n{&% I}/@){f& ggt ollt’lg'fld gﬁft%)\ég"sa seal r%?/ver? Hagent S,
friction nDdlflers corrosion |nh|b|tors antlfoam
addi frépeating dall Mgebin S Ssald i ARhg, shid ejrd&ﬁngegiia Owéifghing and said
cl ai m 36 erein one or nore |ubricant conponents
refpming;stepy e@‘?‘k%‘g’éﬁl?’y" I jubricapkcamgpprepbm t he group
consi sting of VI inprovers, dispersants, pour point
36€PT §hdhéthod BP bﬁlﬁ%ﬁé&ﬂ?scmd mﬁﬁaﬂpéﬁﬁw%t Y@é@éﬂted from the
pol yal phaol ef i ns, ditive packages 1 ncl udi ng
graupnepRsigings of dbase bPil% aHtI igenrpeerendispgisantsa d¢itqggents pour point
ty. hod cl gl,
déelﬁré%tglﬁ{r? g s e@mm lg%tssheg r at 121 oﬂ%‘c ﬁﬁés‘é‘hﬁ%ﬁ ag{))lg? lpf aolefins,
axxtu&%/es@cnm p@suré'hzgm headfiosfdanisai denB8sifivisersealn swallithg agents,

o R 36, BB OB o S ok B i o
fromsaid |ow void volune positive displacenent

3Pi pellhe meéthod dhelaimB360shertinCdaid Bn38r mobehbriBamiaddinponents with a
contr is further

C uter or pro nmrahl e | ogi ¢ er
B ohsHoson g fipaol BOH B erpid chpasingr %l piabpsc digpersans, pour
péiafidpestbantd) 30RBARIARs PRIHIIRORAUIRL G¥&iBht polyalphaolefins, and

additive packages including one or more of said lubricant components with a high

viscosity.

38.  The method of claim 35, wherein said ejecting step is at a shear rate of less than

about 1 x 10° sec™.

39.  The method of claim 35, wherein said computer or programmable logic
controller is used to measure a volume of said lubricant component ejected from said

low void volume positive displacement pipette.

40. The method of claim 39, wherein said computer or programmable logic

controller is further used to measure a calculated mass of said lubricant component
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44, The method of claim 35 wherein said computer or programmable logic

controller is programmed with one or more lubricant blend recipes.

45.  The method of claim 35 wherein said robotic means comprises a robotic arm

connected to a support bridge.

46. The method of claim 35 wherein said method is used in high throughput

experimentation type applications.

47. The method of claim 35 wherein said low void volume positive displacement
pipette has a tapered tip with a void volume of less than 30% of the total volume of said.

tapered tip.
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weighing and controlling an actual mass of each lubricant component ejected

into said one or more lubricant blend containers with said balance;

returning said low void volume positive displacement pipette from said one or

more lubricant blend containers to said additive reservoir; and

repeating said ingesting, said moving, said ejecting, said weighing and said

returning steps for each additional lubricant component.

49. The method of claim 48 wherein said one or more lubricant components with a

viscosity greater than about 500 centipoise at 100°C is selected from the group
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53. The method of claim 52, wherein said computer or programmable logic
controller is further used to meesure an actual density of said lubricant component
ejected from said low void volume positive displacement pipette by dividing said actual
mass by said volume of said lubricant component ejected from said low void volume

positive displacement pipette.

54, The method of claim 53, wherein said computer or programmable logic
controller is further used to verify the identity of said lubricant component ejected from
said low void volume positive displacement pipette by comparing said actual density
and said calculated density of said lubricant component, and determining that the

difference is within a specified offset.

55. The method of claim 48 wherein said low void volume positive displacement
pipette has a tapered tip with a void volume of less than 30% of the total volume of said

tapered tip.
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56. The method of claim 48 wherein said method is used in high throughput

experimentation type applications.



