- | - METHOD OF BLENDI NG LUBRI CANTS USI NG PCsI Tl VE DI SPLACEMENT

LI QU D- HANDLI NG EQUI PMENT FI ELD OF THE | NVENTI ON [ 0001] The present

i nvent i orwoebesroes34o the field of |ubricant blending. |ttcmarseoqgardroeul arly
relates to an inproved nethod of accurately blending highly viscous
additives into lubricants. Still nore particularly, the present invention
relates to a nethod of dispensing accurately small anmounts of high

vi scosity lubricant conponents using positive-displacenent pipettes.
BACKGROUND OF | NVENTI ON [ 0002] Lubricants are generally m xtures of several
conponents. The largest fraction of theiblended lubricant is a mneral oi
or synthetic basestock that typically nmakes up nore than 80 percent of the
total volune. The renai nder of the Iubrlcant conS|sts of varlous additives
whi ch inpart perf : 26 JCAN: NG ROSIELY

antiwear, foamredu s < e %
viscosity nodi fiers, are al so sonetlnes added to thlcken the lubricant and

i nprove t@@FVb%ﬁ@§¥ﬁ¥n¥9ﬁﬁﬁﬁo%?”peratUre attributes of the lubricant.

Viscosity mourfrers are nade or relatively high ol ecul ar wei ght polyneric

nol ecul es ite vj.scou Basgst

T scont by IOQELCCfk. AfesSY gt ¥ asscia Mg R Pb Ercath Pl ad Joos |

Inec esfi it a}[pertdufﬂgnﬁdle:ftgs ao_rra&oriﬁjphﬁvddh?tetmabf aacwmdely/:tfiaﬁitsﬁg y}ll%ﬂpgell-scélﬁog:ﬂ
n order make i or at or e typically transfers i

| br 1 cant oSSRt duPEett naf B rryedgly. Y werm v aiinesiae dar

pi pettes ateehap@mibpahsmg aclratd]l BhRdeiRdints of Kigh visBbity lubritgnidesmpurRatuUr €

i nside the pipette. ? umis ap&lled to pull liquid into the pipette and

pressur e P?“&ﬁﬁ?‘?‘@&dﬂ WXPENTPIPGHEY from the pipette. In many cases, use of
a calibrated pipette results in accurate bl endi ng. However, pipetting and

t ransf er r B CRGEOVNECOFIINWENTIONS, such as viscosity nodifiers, may
resul t in |naccuraC|es rom several sources. The use of air or gas pressure

to expel !. LR LORIAIS, R ulR D ézévérQl éihx‘iﬁcﬁ{eﬁ&t ﬁi@%&%& @écdo'nqu' d
transfer epe din ég(Jn the gas pressure and viscosity o '1qui Vi scous
liqui ds gehdreblen ddnbtlmant a mresr%pdrmeynﬁletlhéwaaqﬁmqkethatgtamogﬂmm upnd
gas conpr [ j om
e o pe. T BN phESH b GRSl it dnt RaRatll bERRHNE) SHURE 10
resi due neamousmlditm:mwlschianpm pprfpabdnee 1mpmmng atributes asfh dsi aptiodtidinepensed

th l,. .Th b]. i when t
0 ke SARNYRaa: BYCRPE AR Ui URer cAUTFETR. RAGHHoghHs b alOriably

because smrldifidth,eirel alsatpniines@dded id tHitkeni the AibFicaht dmt ianhpresas the Vig€okityt €
bl endi ng requires that |ndLV|duaI1%onE§nent vQl.unmes be sured W t h
m crol i t eMeSEE JPRESFAUIR AETG &ft TIEANt o AESEOSHY V\P’P rs |8 r Rade rof

better acedamely Hif®GAblebulat!Wéight lpblYniHd @ibleduled rthatl &l deeqEnd viddeas.t es

is that they require connection fo a punp or vacui ystem I'n the case of
manual |y SB8EScks af puchdewenin MEB%?‘Wbu‘F‘EP%eQ“?‘?‘Q”r %rtcynhttepﬁwgopqummer
in a robohhd rdtAdtsdudiaMy! hdrgssithid %@peﬁéﬂ@é RBmiponeMR i thA bpanC ANRRIE! Gdcdsryeach
pi pette. In many cases, "a systemliquid is also used to help the transfer
of the puf@®8iction to the pi pette tips and an air gap is used to separate
the systemliquid fromthe quuid to be transferred (a conbination of air
and |iqui J pI C A ab u o n Pi; tes
are used For xaﬁﬁﬁ%ng% gb%pgﬁgﬁggggﬁgébgﬁ“ﬂhg n%%ﬁ%gCLQSH
conponent lubexqamtrcmmpdnsntswmthp dﬂd;m,fhmg) vesseli by hsing mpettt@s c Stenidatdopipkttescarean

ipettes. Wth cement o nation of_ ai ui.d di acenent
o pet t o aipned By mCURRLRESREC . soBOORR Faa BksRlre Uiie i aeft VRSN
practical is Zy¥plied eapilt diquid inrethei pipéttecarireisnrelisi dpplied to bupel tiguid from the
necessitates repeated cleanln of t he pLP te between each use ?ﬁ
di  f er ent PR§HHonhmany, cases B8 Py ol a%@gﬂmel Tegaiis p Acqurte Fing s

al so a pospweier, bipe&tng:m'&mm%a@mgﬁ ixBodBt AAs, tsheh ay visedBity mbldiead)d t he
| ubri cant addltlves [ 0005) g gh VISCOSIty | ubri cant, conponents are of t en

derived fPTRIUHNIBRENIACKS SRYCRIOPRER s Thege of Air OF 295 BresSYTe Jo FXBRi cant
conponent fqiRYrdiR IS Pipett hySiRile ¢4 affdrent tinthln®8AligEiaRinkic? WS peddif oahear
results mhen a high viscosity lubricant is forced through a snall orifice
at hi gh pthesgar pressire candnaiscesitys of gbe digwicht  Yispewsy dquids ngsinsrali¢ sigibeans. |t
is therefore desirable when pipetting high viscosity |ubricant conponents
to maintain a relatively | ow shear rate when ingesting theminto the

pi pette, and al so when expelling themfromthe pipette. In sone cases, the
bl endi ng process may be i nproved by heating high viscosity conponents

t hereby reducing their wviscosity. It is desirable to mnimze the need for
heatlng conponents because Iubrlcant conponents may degrade at elevated

M o, F A/~ -, r .




[0010] In yet another enbodi ment, the present invention provides an

advant ageous net hod of accurately bl ending high viscosity |ubricant
conmponentwownasgnoribel ess positive di spl acenent pi pettesPpco/dsesomoasbubri cant
bl end conprising the follow ng steps: providing a | ow void vol unme positive
di spl acenent pipette for each |ubricant conmponent contained within a

| ubricant additive reservoir, a heating neans for the |ubricant additive
reservoir, one or nore |lubricant blend containers with a volune | ess than
10 mlliliters, a balance for weighing a mass of the one or nore |ubricant
bl end containers, and a robotic arm connrected to a support bridge coupl ed
to a conmputer or progranmable |logic controller progranmed wth one or nore
| ubri cant bl end recipes for coordinating and controlling the follow ng
steps; heagsisignegrie thy apnlied gas prasewia@and gapesmapressioh maysesylsindess qujd dhaner

t han abou g@gg j L : : 10GC,
i ngesti nghf'%%gl t he }e%\%fe\?g‘lr \}%{)Bﬁghg'og? taf%\}ggéiaédgﬁlglgg%eﬁsﬁggﬁ%gﬁaé rggﬁnﬁxtlhe

| ubri cant feraiptringy resides nesr the Hpiingde theapipetts, wesnlidng in lesbliqeidrdispeosebirent ;
nmoving th VA2 u ey ' ! j . I j cant
addi 1 ve Ce RPNy Tl BiotiEs She BpBGRITRbyRe Mch Srh T bllee B P10
into the daberaorynblends wiidhcraquirb|achigh dlegtesi sfcaccucacy djeesuseosmalb blemds afiayt he

| ubri cant ent _f. L he ol ow,voi d val une itive displacement. pipette
at 2 shoaP PAPORER rUOBRRL BB RES, " R Bel e b e ERE YRR g
mass of eacipbhdntivimhes bopnessnicdejvitht métroliep atbiGacy)eandr compendnt nass ad

bl end cont ai ner wﬁth.?he balgnce; returning the | ow void vol une positive
di spl acenﬂ?FPS‘HFé@f‘fbemfl 181" AROSIFE 26T AB- e | ubricant bl end containers to the
additive reservoir; and repeating the ingesting, the noving, the ejecting,
the wei 9h'[l‘im)ctandAtfHﬂhérﬂhﬂftaﬁid?QoffeﬁnedﬁpIEéHm&ﬁ%&ﬁg'isI thandky retiieC@nhection
conponent. [0011] Nunerous advantages result fromthe advantageous net hod

of bl endi fy2IPYBH avAcutBGTSterts Indiefgsp e manyallxipryspigd pirgites) 7 ghbsr Rl i ng
equi pment ;diyeeda09aHi11268 8 Hbw Wy, [il% b6RE HaRld RaldIRBSybRA, Q{uﬁhg-is E%Qéaaiy For
exanpl e, in“exenplary enbodinents of the present di'sClosure, The disclosed
met hod of cohrestidntp eapbr pipatie. dddnany easessh riysisos lignideisdalasp lused e help the

Vi Soosi ty ARPP oE MY PIRRscBRR b A8F piitig T, A BRTHA Yoy 0 AR B 11 07

enbodi nensysi¢mt heuigr femnthediligoidoserte, trahsfented dhosmubimati¢ro dfodir anein diignigl

| ubri cant | L . Usi ogl tive-dj | . g, g~ | j ui nt
provi des fi gsgﬂ{ggllrlr%ﬁﬁ'od?% gcf?:lcﬁé élth}eé?yc%rr?%h%gfng § Ha{nﬁhl* wgndfrggfsgﬁdsﬂgﬁmm ch
may be usesgamplehifghanhblendputpoarms rarerbeingtused, ¢acheoafpoaam reqnivenits own0014]
In a further exenpl any, enbodi nent. of the, present disghosure,. the disclosed
et hod - of PEIEERAONBY ST AN co Taafipfously SR BRtet | ViR B isnment

: [ g ui d- haoembiatien ldfmwn?]uiﬁ rdisﬁdmam g)ipﬁt?p,ga&ihn%peﬁe h‘ug]tcn be Lmnsdté& to a
ubricant conponents w t hout shear uced degradation of the, cqmponents.
[0015] | nPHmPL PEIRY MaY S4h P PIAchitlo A HEAEIYAY- 9Tt BPELE ey chesifiizey But thive

di scl osed na@ésﬁmiesqfep&twdiemn% P EHeCEpétteabidiveby 8Schusse ' a different component.
positive-displacenent |iquid-handling equiprment prqvides fqQr. less string

) y
resi due af®tthe Prpevhee pyaseh liguitinrged: thegriiprlit HPEWIRLY 1dr crestreans
of nore quhskhindionHRARAINS H?étém\lﬂlhim&ﬁi @E 1Y AddiGodst Y | ubri cant
conponents. [0017] In another” exenpl ary enbodi nent of the present
di scl osure, the disclosed nmethod of blending |ubricant additives using

posi ti ve- 100§ addighnvis¢asiyilubrieant comporents 9 aften devived dromg high malegular
heating o ri ddist iV her I i

di scol or aheg%Rp}?(?%?Ertsg gll.l'}sdghg%he%S%%g]l@%%agﬁoc?%&g%an%?gr@éké%%m/ hr%lnt of
t he presentbjcited fobighsheatheonditsmiso Jdighraberogsdts whemdihigh visbesityahwbricant

o1 ves 0 SRS Bl SR T A O b DL PR

for a neans inrea ensi rican Itive
bei ng di sp£nsdetulart lopridee Ik ud theefote dddiabil when giipdtiing highanistdsity mbeigmitar y
enbodi ment_ of tf}@segresen . di scl osure, t he di stt os%d net hgd O{hﬁbl endi

Ubr | cant CRARPITLE0 FRRAKhSoTIAPELG EH| Sheehant M0 HEHAREI e g (ent
provi des bpipetts, sRPAISo heBaPellig theinefibm! theepipéiee. Ths Soraé chsdsl tiwablendiglgdi ti ve
bei ng di spensed into.the lH ricant. 100201 These and otg‘%ar ad%ﬁ’pt ag&;,
features BIFSSHPRY BEdwErgrdyheahag hRLUSHRSIY sempongrs theray reyiciesthelr
addi tives using positive-displacenent |iquid-handling equipnent of the
present disclosure and their advantageous applications and/or uses wll be
apparent fromthe detail ed description which follows, particularly when
read in conjunction with the figures appended hereto. BRI EF DESCRI PTI ON OF
DRAW NGS 100211 Figure 1 depicts an exenplary schematic of a | ow void

vol une positive displacenent pipette of the present invention. 100221
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[ 0026] The present invention relates to a nethod of blending high viscosity
| ubri cant conponents conprising the use of positive-displacenent pipettes.
The net howloahosalogsadi ng hi gh vi scosity |ubricant conponemrC3/uskoozioeo7pe esent

i nvention are distinguishable over the prior art in disclosing the use of
positive displacenent pipettes to accurately neter small quantities of high
viscosity lubricant additives into a lubricant fornulation. The advant ages
of the disclosed nmethod of the present invention include, inter cilia,

i nproved di spensi ng accuracy, |ower shear rate during dispensing, |ower
tenperature for dispensing, |less residugl additive on the tip of the device
after dispensing, and the ability to real tine nonitor density and nass
during dispensing. [0027] Blends nmade according to volume concentration are
gener al | yvisgerstyusilhgs sdasirable pton seinimize pihp creeds Iggr begting compenesits flesauseent

liquid ha 1 ! i Blanpkpette, a source of air is
attached F%ch%g @ﬁo@?ﬁﬁs%&p@%ﬁ?@ﬁ&{sﬂ&@ﬁgn I's applied to draw fluid
into the pipette. The pipette is then placed in the receiving vessel and
gas i s apf0aoéjl tA negdexistsi fipuiad impravesihmethed eif\acogratedy bleEindinignhighkyovibcasd
air/liquid,displacenment liquid handling system .the sucti.on.s..provided by
a punp anad‘glbf’%olﬂgq FF%’H§%§? %Vdgtfﬁﬁ’%?}gﬁe entipned ﬁsfsflf’shfﬁsﬂmgﬁfg W‘ghﬁ P%ap
bet ween t bR techaiques bf Blehdingndbridiatd. i quid to be transferred. Different

pi pettes can be used for each lubricant conponent. Alternatively, a single

pipette may be used if it is cleaned between exposure to different
| ubri cantmmrder to avoid contam nation and
i naccuracies. [0028] In sonme applications, for exanple in |abgratory

appl i cat i W71 tlt has desp digsouered thake methgd ofdlending dubriqagt additivep usingnt
bl ends. S B itiv@bﬁﬁ%eﬁaﬂﬂkcﬁliaﬁﬁh&ﬁ&% Q%uiﬁth@ﬁt' Y Jutiidhnt beads FRERes many of

experinmental 'y in snmall quantities an elp to mninmze waste when only
smal | anothetissugs avithethe prior art methedsnf biendirghbricants s al so soneti nes
desirable to rapidly nake large arrays of small lubricant blends. In this
way | ubri ﬁﬁﬁfs bl o it ' t ' '

| ubri cant *scr Leg:ﬁ%epér}gg(gcg@%gg Rﬁq_ﬁ:?e@eié&?rﬂgﬁoﬁggﬂgﬁ r %ﬁ’iﬁﬁ&gﬁngk@%?oldar ge
arrays of of meburatedy tblealing déglmndsaoaity dihrieans | eomepangntshwithi tubklesswposiiviei gh

t hr oughput,. e [Lnen i ( . i « AlLe j ded
from sevefi af agg%%tn h%gteg]ﬁ °di erae&l‘?oq-?r%%‘tecl:b E%]{édr %ﬁg‘ﬁ’g‘ﬁ?‘ga%a& \% @‘g‘lc')ié%t gé.es%}li gh
vi scosi t y ptauiding aat losonpuid endlmnsr gositivet disphcanent tpipatediffy eable lnbsicamet ri c

properties of the lupricant. blend.. These.viscosity nodifiers are tvpically
conpri sed"%‘F‘pﬂ‘i‘%ﬁ By I‘g}th\ﬁe‘i‘g caBY eqmiree “Tsfr‘fc’gr’ @%’geo&e EIRRAR lr"?’?{lgﬁ’?ctt to
accur at el ylenaashfaters)enatingnto thdioghvoid Sohfhé poditites displaternentpipette fom

bl ended into small bl ends when air, di spl acenent gi&attes are used in. a
convent i o luREGAN Sddife T85eTY Ol 2p dRgesHien V@i‘é"? gf ¢ dybricant fOMPOREBLMOVINEq i ds

gener at e gl VHARbIES psdiave BispReéontdipdtiecfoiakie RitkReanl Aditviregs oir
conpression can result in less Ii1quid being_ejected fromthe pi p%i,t,e t han
ant i ci pat & theppnseeiomare bbrisant blepd, spnigiess; SieHngHRL be Qo §F Pas [HORRent
conponent g1l ConYRhé&d! dnY ejROidRbRumd BEYhd RitidaRt ESMmPbrent fdm Ate 1166/ ok
inside the pipette near tip. Consequently, less liquid ends up in the
recei vi ngve Ipositive wisplasgment eripgties nTatwaing ghe t W wyeidh vabine qogitivs

bl endi ng i j L /L ; tbF@ﬁe GhHahs ddditive
exacer bat g!ﬁ%&%ﬁ%ﬁ?ﬁggsnanﬁﬁﬁpgéng} 38%%? Fg?ée)&sﬁt _003% 1ieéllﬁ&?mny c.gselsnvﬁi gh
Vi scosi t y résatvoirg and repratiop bt ingastings thenohedtingt the cjpeting ang theawiurping steps

tenperature suftficient.to re i i Sty k r. . . can
be handl el fite gL d B EBmipokt of GEACH Worta? WiRTEALOR Brofdf, 3
with | ow dispemseil! yTHeoposttivesdisplacdrhérs piwottes laag thahubnigastasséryoipimat aled bei t h
standard iregi sgl acenent pi ettels aﬁg c%n be accurately dispensed.
However, OFHELIGHPLIPSPEEFHBEERPULER M Yh vi scosity |ubricant components
to discolor or degrade. It is therefore desirable to blend themw th

m ni mal  hegggong.Inl ARcthér ARMolRferits Shte présehhdhveitioh prosidesi iy ddwhiitageoiis
conponent s may. degrade under high zgear fl ow conditions. Shear, degradation

may occur Mad of Arcarigly | Rlerdigg chigh - Wsepsty glubrisants SYPRORSHS YYH! 4 S|

orifice suehiids dispRcembht NIP&RIsRE forn 8 IbrRahi Blendic@npHbing @ follohiRs sepstt
conponents are often conprised of high m ecul ar V\elx?quite I%&l yners. . \Wen
shéa

these pol PrRfidingra iy c¥eidt MPlymen pesitivg| displsesmegf, M eachy lubgfants hear
stress may be sufficiently high to cause breaking of chem cal bonds, which
| oners the nol ecul ar wei ght and the associ ated benefits of the high

nol ecul ar wei ght nol ecules in the lubricant blend. [0032] An object of the
present invention is to inprove the accuracy of small |ubricant blends
contai ning high viscosity |ubricant conponents nmade in a | aboratory w t hout
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Viscosity Modifiers [0037] Viscosity nodifiers (also known as VI inprovers
and viscosity index inprovers) provide lubricants with high and | ow

t enper at .Wwe 20¢sa02dav| i ty. These additives inpart higher PCTAS0071ET00

el evated tenperatures, and acceptable viscosity at |ow tenperatures. WO
2008/ 002349PCT/ US2007/ 010700 [0038] Suitable viscosity index inprovers

i ncl ude hi gh nol ecul ar wei ght (polyneric) hydrocarbons, polyesters and
viscosity index inprover dispersants that function as both a viscosity

i ndex inprover and a dispersant. Typical nolecular weights of these

pol ymers are between about 10,000 to 1,9€00,000, nore typically about 20,000
to 500, 000, and even nore typically between about 50,000 and 200, 000.
[0039] Exanples of suitable viscosity index inprovers are polynmers and
copol ymerconionent keutairiedt withipua dubricest adilisivieresserypirapidyaating omeangr oache

Pol yi sobu L\y}él iGaht. addlifive, PN D\Q)luy ol{)%egr \fﬁgfg Olﬁbﬁ%ffﬁh ngie d IC%BJ Wé?g a %%J&@r for

sui tabl e g%%%l? i ndeX 1 nmprover I s polynethacry opolyners of

vari ous cweighirges gmdms aifkhé onetoln anmqal labdeant fhkmcbmmtplnex)s apd merobotigumeansons

of which als rve as our oi nt dep nt.s it y

i ndex i npYBP g‘?i%? nd| EY8 %Sbo‘fyﬁéqgga% E’f%j?%lﬁecg %e ogyrl %ﬁe'%l Aﬁ%‘ o%ésrj\at ed
bl ock copeintivtirsy fe Bllywaipestépss lheating ORe or aiude hubricant yduapesemmphlaymghs of
various chain_length acryl ates f%ilp i\ﬂ@jqe %BCI]‘IC ﬁ ﬁ% Iesdln | ude

ol efin copstesitrtoandemperabe helevy sggrdine i dhs s 3‘6‘8 to

200, 000 npdspisd dispraBédit-pipdH4Pdm\the @\ﬂﬁrichﬁt AV ﬁsérv@freawﬁxgébtidﬁ Wu@sount
of about 1 to 25 W% on an as received basis. Because visc Slt nodi fi ers

are usual 92 dubsinant goRPPRRNEIMPNIng ths lpweyoid volme, pRsitiye di REPIREE e

about 5t oéxotﬁé't foRehhtVaidithe RAERRSr {0 tHeNEndelinhéré SlubAB&R MBlERd @Entfners;
received fromthe manufacturer, the ampunt of viscosity nodifier S(glft d | n
t

the for nuéiseting intartha|asg qre%rl'éw@at é?éensewmalpﬁmtﬁbeﬁ&ﬁge Votunge,

to about ﬁl gﬁMt%o St i‘r&ﬂrtﬁéjio%‘{lmél Egeéli/ivé‘g&kﬂac@m%n{ Sipétte vv&gﬁlﬁgt ' ve
i ngredi en or I'n copolyner an enate rene-isoprene

copol yrrerand sontsoHing no ohdss af, eat:heluavcmecqmmmt @mCths intg tﬂlheoneaﬂg@“lrﬁ

about 5 t addi t.,ve C tr

amount o faefiged el cpp BBl il e BGR v iog MENLI IR 6o doSiive
expr esseddlaplabanétg pxpeﬂtm&orraﬁ@eoma‘ orahmne lﬁbrﬂﬁnt blethccxma?xnastto\xbe |adgme'd| ent,
and preferably, about tive.li ng edl e S ant 041]
During entfSHa°Bpap t'?l%ﬁ?tm%%lle mggﬁ)r%%ﬁ C BavEsri %e%fﬁﬁf’%d@gt selg pailgd%’ged
Di Spersanﬁ&urhﬁig%tmeﬂ@rEmdhmfapmmmnﬂd@nmaﬁu on, thus dimnishing their
deposition on 12 - netal surfaces. Dispersants may be ashless or
ash-formng in nature. Preferably, the dispersant, is aﬂgl ess. ,So called

ashl ess dl@038} sdnrxet anethsr gmbpdiment.oihe iresenp ipventpm RREHEES AR 24V PRI8P S h

upon conbyatidaN of FREuAEHEndiR® ik tvibcos Pt RbAt4 &smpeieats ditle habeldssee
di spersants are considered ashless. In contrast, netal, - conttal ni ng

det er gent Bositive displageraens\nipatiss o farm  pbricaRierd FoRPrising A ogﬁv?%?tﬁps
di sper sanj.s AL 8! Iok SR U lufeP Patiyd" BPlaahaRNBheke Sor chat i 1vBhyar o

nol ecul ar” wei g on chain. The polar group typically contains at

| east onecernpomsmt coftainedr within adrbreant addithieoraseryelrs 2 ameaRsdFscRebon

chains copfal, ohne iR e 688 PHIL &t Rk WbBRAR| bIGRE B RAEN witR AW SR gEsant s
may be characteri zed as phéenates, fonates, sulfurized phenates,

sal i cyl at #mn lr(hphlﬂlllnmrs,taabalasmeﬁnravgshmgaﬁ pasnoEthe ent ot awdse dwhricgnt blend

phosphorus deri vati articularly. u re the
al kenyl su‘&%‘i‘tﬂ‘lnsrsdé? \?JPP?%&""? ypl cacF eldympegg‘Tl cégltﬁc? ﬁeup?éecggbte{lggﬂ%? 1 (1?
chain subpidgtajhﬂndh bkl llegfty%ormlmd:ler programmedumnih one lmlmtzyjreal_}_nﬁub?mlﬂmcbwcmm n| c
anhydride, with a r ox rni.no _conp e lan roup
const i t ut f4igCqoRding ’é%ﬁﬂ ‘i°8"é3 @‘ﬁ %’?‘ opiRe ﬁ{ﬁpé’cﬁ?"g"\%h?'&% °Ec§rr’1‘?‘ Cm""ca‘g

sol ubi | i t Yorhpohdhes Okith 4 Sviswsiil gmaar Py i stuigt §OGEnEengpoise. atMiﬂQ"Gextarrpl es
of this tépe of di SEersant are wel é&j;slown connerci a

and in the .,
it er at ur EMASEAEE gF Jesg than ghout, i L nESRUDg, inf fhe i‘ﬂ% h"odéI svﬁgwgﬁl'&ogl,nvﬁnd
i ncor por afRd)RYmesf gi’peﬁ@ Grdnd thé ibricant kdditive raseevar bA2ingdstion3vallffe, 303,
3,219, 666; 3,316, 177:.3, 341, 542; 3, 444,170; 3,454, 607; 3, 541, 012;
3. 630, 904lubgicawycomponest; TRving shelo ¥oitavolums posjtive disnjacement Pipetisdramnt

are descr t bsa-
S 238 757&1#%‘31%2%1% BanfRUEY oS 1 ORPeDRES 1R adOFlerd 2ohallRB; ofockil,




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, 458yo0abesmoezagor por at ed by reference in their entiperyus207dwroher
decription of dispersants may be found, for exanple, in European Patent
Application No. 471 071, also incorporated by reference in its entirety.

[ 0044] Hydrocarbyl -substituted succinic acid conpounds are popul ar

di spersants. I n particular, succinimde, succinate esters, or succinate
ester am des prepared by the reaction of a hydrocarbon-substituted succinic
acid conmpound preferably having at |eagt 50 carbon atons in the

hydr ocar bon substituent, with at | east one equival ent of an al kyl ene am ne
are particularly useful. [0045] Succinimdes are formed by the condensation
reaction imét theeonalokengle Bibricanti blesh kyoinintes aarag’le@imhnﬁdumel\dﬂ the lubticars can

vary depepd] t he_.po For I t he at.i o ,0of al kenyl
sucuni o SompEREEoRs Aok B w%wefprosﬁ%bcﬁmlaw&?@l%#gﬁt agslipar Fate of
Repr esent lets ﬂmnea‘wml bsx did sebdywveighing Gnd Redrerollingd 2. masO T, 3K, luBri¢AR, 892;
3,219, 666; 272, 746 670; and 2,61 948,.800; an da Pat.
No. 1, 094¢99a99nea { Flegtec ol fieopee Pﬁé‘m"p’)&?‘?ﬂ%‘&t g{ﬁnﬁemaéneré Wil s Brfance;
entiret Y. reh iG] theUlott Raide ven®y positite divplRenf)t phRteoREMNERL 61t of @asrel ON
bet ween aiygenyl uc i ni c, anhydrj des,and al cohols or polyols. K Mlar ratlos
can vary B%?ﬂil ﬁoP'ﬁ‘é“’ésr a‘i“t‘ﬁ%IrW"‘U&eﬂl F—"cﬂea‘é&%ﬁlﬁ éngeptipg, the

condensat jngginp! ﬂﬂuéjéctﬁlfg e @&@ﬁﬁﬁgl andUBE réthmiRd Bips R da@mishacuytiBidit ol .
is a useful dlspfrsan
componen

[0011] Numerous advantages result from the advantageous method of blending
lubricant additives using positive-displacement liquid-handling equipment disclosed

herein and the uses/applications therefore.

[0012] For example, in exemplary embodiments of the present disclosure, the
disclosed method of blending lubricant additives using positive-displacement liquid-
handling equipment provides for improved accuracy of dispensing high viscosity

additives into lubricants.

[0013] In a further exemplary embodiment of the present disclosure, the disclosed
method of blending lubricant additives using positive-displacement liquid-handling
equipment provides for a method of accurately producing small lubricant blends, which

may be used in high throughput experimentation type of environments.

[0014] In a further exemplary embodiment 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



[ 00471 Succinate ester am des are formed by condensation reacti on between
al kenyl succinic anhydrides and al kanol am nes. For exanple, suitable

al kanol awbDnress/dozbude et hoxyl at ed pol yal kyl pol yam nes, pprajsecoyloaized

pol yal kyl pol yam nes and pol yal kenyl pol yam nes such as pol yet hyl ene

pol yam nes. One exanple is propoxyl ated hexanet hyl enedi am ne.
Representati ve exanples are shown in U S. Patent No. 4,426,305, which is
incorporated by reference inits entirety. [0048] The nol ecul ar wei ght of
t he al kenyl succinic anhydrides used in the preceding paragraphs wll
typically range between 800 and 2, 500. .dhe above products can be
post-reacted with various reagents such as sulfur, oxygen, fornmal dehyde,
carboxylic acids such as oleic acid, and boron conpounds such as borate
esters orequipment providesdodiasmenassanf sordiguickly sispsasing sseall welussaefehighi t h
from aboug. t of boron per nole of dispersant reaction
pr oduct . fﬁ%ﬁé?lﬁgﬁﬁggﬁm§g§§$ﬁ$spersants are nmade fromthe reaction of

al kyl phenol s, formal dehyde, and ami nes. See U.S. Patent No. 4, 767,551,

whi ch i s j08eT} pdnainethdnesxempldry ¢mbadiswot of Rhe greentidiclaud, dhe alisdosd such

as ol eic acj,d .an ulfonig acids,. . can al so be.part.of the reaction mxture.
Vol ecul arifiighbb B 1ShrRGnb RGeS Rk psihiuislactihenh dafid Sk
Repr esent gfuipBer prilids foremihifdal SHearifg iof lubBicamahaditived) Sands tiedetobe’ 4¢ss
3,703, 536; 3,704,308;,3,151h365; 3, 756, 953; 3,798, 165; and 3,803,039, al

of whi ch #§esadation;and;discolqsation pdonip qischareence in their entirety. [0050]
Typi cal hi gh nol ecul ar wei ght aliphatic acid nodi fied Manni ch condensati on
product s Emtcpl tharddMiet MMy Ofn66dimdat BRI ARG Hesehi AMciisere, Rk Qfistieved

wei ght al kyl -substituted hydroxyaromatics or HN(R) 2 group-containing

r eact ant smeflpgsef bisaging dubrislantjagditives aisingapositiveHispiacrient &ﬂytd-baﬂdgl@g

hydr oxyar ' W&% A ek BPMERGr® e R 1RO i UENiRNEN e 1uBREa! hET

pol yal kyl gﬂg#l%’l&slpﬂ hese pf)l_yaf:%l ph_enﬁﬁlé (l:ané}*)e1 oﬁt a‘fbne%jﬂ@c thee (gl kyl ati on,
in the pradlitivebeingsispansed|intoithg lwwicanty st , such as BF3, of phenol with high
nol ecul ar wei ght pol ypropyl ene, pol ybutyl ene, and ot her polyal kyl ene

o Bvor agl00A30. {5oRbye: ARt SERpRep rbiiGBSH BN RO} R "B 1O

gr oup- condiaclosetty metlamt afibiending hibkichmtnalditygsawsing posipiverdispladement liquid-

I hyl pol ] e A ' [ d i.Ni
0V east BRERRHFPAFR mp it o AnERS T St ChdeH) g MR RNR Br Bk,

condensat additiys Bellg dispansedvigiol thi hibtirannnd i ncl ude the nmono- and di-am no

al kanes and their substituted anal ogs, e.g., ethylam ne and di et hanol

am ne; argmatic diamnes, e.g., phenylene diam ne, diam no naphthal enes;

het er ocyclU020hniThese an 9?1%3‘5%% fatawra&fl@rmﬁwemf% decio3 ashotar

i m dazol i Plef@ing 0B OAR QHHREVES usitB | pRRItIVe-disladeRfink 1igUfShaddliing tqaljh&d of

[ 0053] Exanpl es of  al] kyl ene Bquanlde reactants include ethyl] enedi am ne,

di et hyl enthetnresent disclosprecandythein advantageahs ABPliGatiops ard(or usrs Wihexapragent

pent aet hyfgpenb aailed Aesd iR MMER RIRRD bajichians, whaPiaa i tbeiAcRA, #RR1 e,
oct aet hyl ene nonaam ne, ndnaet hyl ene decam ne, and decaet hyl éne undecam ne
and m xt uthe figures anpended hasetohavi ng nitrogen contents corresponding to the
al kyl ene polyam nes, in the formula H2ZN-(Z-NH).1-1, nentioned before, Zis
a di val engpetRY] oN b¥ BrASwA¥GEef the foregoing fornula.
Cbrrespon%Tng“p#%%%%%ﬂg—pﬁp§anrn€§_§uch as propyl ene diamne and di-, tri-,
tetra-, pEORApr dighend depnicts anetexemplapeschemativdof exwaniveid valumepositive

sui tabl e reactants,. .T I l,nes are usually obtained by the
reaction ?S@gﬁﬁgﬁﬂgpgﬁﬂﬁhF%gﬁ%ggﬁﬁg%ggb'such as dichloro al kanes. Thus the
al kyl ene pol yanm nes obtained fromthe reaction of 2 to 11 noles of amoni a
with 1 to[e22polKigund 2depivtoanalteandse kRasmpliry stieemfatcaobarioat void wiadmehe
chlorines on.different carbons e suitabl e .al kyl ene pol yam ne react ants.
100541 Al PR¥GYRedisplagemen é"QFg@folaﬂ[“? Rebs IYe8H8Pat i on of the high nol ecul ar

products useful in this invention include the aliphatic al dehydes such as
f or mal dehypdes] alFEguis 3padpée dpbgahyde; setbmficnaf aNjow doed ablehy Positive

al dol (P-hydroxybutyral dehyde),. Formal dehyde or a fornal dehyde-yi el di ng
react ant §iSplsrepentrupette ingdubricany ad§Hxe FRFFOifast i t ut ed ani ne ashl ess

di spersant additives are disclosed, for exanple, in U S. Patent Nos.
3,275,554; 3,438,757, 3,565,804; 3,755,433; 3,822,209 and 5,084,19; all of
whi ch are herein incorporated by reference. 10056] Preferred dispersants
i ncl ude borated and non-borated succi nimdes, including those derivatives
from nmono- succi ni m des, bi s-succi ni m des, and/or m xtures of nono-and

bi s-succi ni m des, wherein the hydrocarbyl succinimde is derived froma
hydr ocar byl ene group such as pol yi sobutyl ene having a Mh of from about 500

v o NN N o Y



[ 0058] When lubricating oil conmpositions contain one or nore of the

addi tives di scussed above, the additive(s) are blended into the conposition
i n an anowotoeufobisei ent for it to performits intended fPomatSean/oiEwenpl ary
amounts of such additives useful in the present invention are depicted in
Table 1 below. Note that many of the additives are shipped fromthe

manuf acturer and used with a certain anount of base oil solvent in the
formul ati on. Accordingly, the weight anmounts in the table below, as well as
ot her amounts referenced in the present disclosure, unless otherw se

I ndicated, are directed to the anmount ef-active ingredient (that is the
non-sol vent portion of the ingredient). The weight percentages indicated
bel ow are_based on the total weight of the |ubricating oil_ conposition.
Conpound 10024k o Higyref depictsran %@mﬂlfg@ sehematiserfampray ot addiivemespyreirs.

Ant i oxi dant Corrosion Inhibitor Anti-wear Additive Pour Point Depressant
Ant | - 0amyRgeyt shigsee OubpicAI GELEME WASIEE lobriladlets b Baska
0.01-5 0 01-5 0.01-6 0.0-5 0.001-3 ance Conponent s

Appr oxi mathe usg of pmlaf/adi-%acement pipettes.

DETAILED DESCRIPTION OF THE INVENTION
[0026] The present invention relates to a method of blending high viscosity lubricant

components comprising the use of positive-displacement pipettes. The method of
blending high viscosity lubricant components of the present invention are
distinguishable over the prior art in disclosing the use of positive displacement pipettes
to accurately meter small quantities of high viscosity lubricant additives into a lubricant
formulation. The advantages of the disclosed method of the present invention include,
inter alia, improved dispensing accuracy, lower shear rate during dispensing, lower
temperature for dispensing, less residual additive on the tip of the device after

dispensing, and the ability to real time monitor density and mass during dispensing.

[0027] Blends made according to volume concentration are generally made using air
displacement pipettes or air/liquid displacement liquid handling systems. In an air
displacement pipette, a source of air is attached to the end of the pipette and suction is
applied to draw fluid into the pipette. The pipette is then placed in the receiving vessel
and gas is applied to eject liquid into the receiving vessel. In a combined air/liquid
displacement liquid handling system, the suction is provided by a pump and action is
transferred through a system liquid and the air gap between the system liquid. and the
liquid to be transferred. Different pipettes can be used for each lubricant compoﬁent.
Alternatively, a single pipette may be used if it is cleaned between exposure to different

lubricant blend components in order 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



3-20 0.01-4 0.1-8 0.01-1.5 0.0-1.5 0.01-12.5 0.01-4 0.01-1.5 0.001-0.15

Bal ance [0060] Conmercial additive packages usually include, but are not
limted two 200800034901 € det ergents, dispersants, fricti @TrSAWoAIEN0
antioxi dants, corrosion inhibitors, and anti-wear additives. 100611 An
exenplary, but not limting, engine oil fornulation will contain 70-90 wt %
base oil, 4-10 wt% VI inprover, 4-10 wt % di spersants, 1-3 w%
antiwear/extrene pressure agents, 0.2-2 w % antioxidants, 1-4% detergents,
0.01-0.1 wm % each of -17 - denmulsifier, seal swelling agent, friction

nodi fier, and antifoam additive, 0.1-0-%5-w % pour point depressant. In sone
cases, sonme of these additives are packaged together by an additive
supplier. In these additives, the VI grover and di spersants are high

vi scosi t ypresaisopk rapidly 1makiog large7aoayscelnsmaibi t%Sé samples andyragidlyr evaduating on) .
When heat { Hg] asi e two conponents decrease
to a vi ch‘gﬁﬁ@?%aﬁg‘g é‘gg}po a outnrléfg%b nt| poi se under | ow shear

conditions, which are still difficult to handle with the traditional liquid
handl i ng qu)ZDprrEImbncmt%at]e apigalBDRdervbede fimnpi sveral ocomppomeyes ofhidifferent des

|n5|deaba the, tip,of whjch a_fine point ne this
tip can HE*A eecru i ?féht %'gcbé'bsc?ﬂlb Hﬂé? V%Q ?y h‘ é:a?teceom Ol'belms éaé)é'{ijerdzﬁe)sf IS
desi red. uded tre mpdifyotheanidchraettiel pmpertrcstofbﬁlthﬂ)heahtt blende ’dihcxteherscme'n t he

pi ston is pressed into the barrel &.gﬁq‘Le a vqu l %eﬂ not all the
i quid wi FOHIETS e DRIFE Somusised| oF bigh mpleeglag we et ol is fePestalVon
fand tge Eafﬁi&hlt éb \r7o|adﬂatetly Qfeastird t1¢§rvolhmé roap:nglg \Hﬁidé&?rlubﬂearnlaﬁmﬁbl mnt t he
I qui ow ol u osi tive cenent Pl pettes ereln al sq,
referred P]S“X%‘i “E‘ 8 © Whepetit agpﬁﬁ%ewa%?e 5 115 ‘ésgg inf GARELORY: ched

in shape wag Becatsel 6f WG iRl t OnBafatk iR Bt WiSRRBIdiGdS kBndatendpaiifiRantThi s
mnimzes the gap between the plunger or piston and the i1 nsjde of t.he,

pi pette bEgsistancartg the #pelied 83s Prossweeane gas comprepgiompean Frsulfdndesslighid i s
| ess thangg; g‘é édt%] d k6 tle' n}[}@(‘i@ma}ﬁ el.n?i% atdd2NACseeofid Ifddtdr isGthat BRalse hi
preferably Psé an 0. 05 [Tiliter, d even nore preferably | ess than
0.5 m cr ovistesityolibsisgrincomaponenteprs typicallyi polymersictheyrdend toffoim quistingy ai r

trapped bet r |y
def i ned bFespﬁ-gf}&&ggltﬁn@p%p q,}gg, EFS péedr?g ‘Q"“ﬁp}"@/?ﬁﬁed e qﬁ’ f fh% @&%ﬂw‘ﬁ

t he pl ungea:sselFﬁxant\mSe)qieﬂled rfearn\the gigfeittej wihioh ofaydead/vPbiending ir@cgwamhaw ng
at | east %of t.h d Ll he
pl unger, 5r13g?‘\é%cﬁ ﬁ ngklsa qglov%algg’%ﬂ g%%ce(*)t%t%iﬂ%?%hgk&g "g‘ﬂl %Y tdSO(V
or |ess oﬁuatdnmetsot al volune of the tip or needle. Mre preferably, a LVWPDP
is one having at |east 90% of the volune of the dispensing tip or needle

filled by pl.un t herefore res void vo tip or
needl e of [‘&’g&l or®| rgg@} GFscE htgh[ W&?S‘Vﬁf“ﬁﬂ%@?ﬁ&“?’ﬁﬁ s L#ngﬁ‘?gﬁeks%%l%r e
g_r ef er abl Mlerrﬁtd—é/w?ﬁﬁérg’élhr@?\.ﬁ’lﬁlbﬁgt Etgre@ﬁcé ﬁﬁﬁv@&%t@&o tahfﬁng@wlm theytdaf be
ispensing tjip,qr needle fi]le t he t herefo sul ti in a
voi d vol ug@“g? d ks lqvp vascosity Jiqum %Pa'i‘\gé%’ eyt mayy g‘i’ afF F‘\WA LWP\E.\? d®%t he
tip or neglssity KONERE. TR HARr RaENhey | o bEPessin phpa«euowkhpe@haame air
di spl acenent pipettes are shown in Figures 1 and_ 2. The conponents of the
LVWPDP ma¢isplacemeret mmtteéfanslcagtbie@ww@bsd’épmﬁé@aﬁowy;ﬁ' delgmpeEatyre
preferred p aslsk gugf nglldbﬁc%eccﬁﬁﬁéﬂéh&r% GERAGH BEAbgrAfic. 2 H RYhERIfSke
vol une p03|t|ve l'ace ette 10 for use in the present invention.
The LWPDﬁBSI@blesmdblmdﬁhng@Nith P@Bnlmﬁ}lé?@@'mg that may be di sposable or
non- di sposabl e. A non- dlsposable device may be reused, whereas a dlsposable

device is r. Sin l.i cations i es m ght
e e ST RS s o e RSPt R ™,
barrel 1lhigh $Hedn@Riw tanditibhsd Sheart Begrbwtfoﬁal mh¥, olr 3Hemagueh ddlifives adee

pl unger 12, and dis n5| n tip or q_ 9 4}?/ The di spensing tip .or _needle
14 pref er f3pgd Hader pressyEs dhy H%lélagﬁ“al BiGE SHOW a8 dhg exl QRIBIMECAM @ PIPEIS ¢ he
vol ume of i vbs%gnfy 1dbhoaﬁd e¥npbfenid ufagafterl%omswto@ Hige rhbl@clﬂﬁr Reggite 14

The actuator be noved up and _down_ by either_a manual neans or via a
roboti c nﬁalwmerm arthepgtnobyers agy WW%“M%‘! 8P¢THRE,Jhe Shar Tatg and  he
up or fil Lhegp%&ﬂebé)%ayata@' shﬁ?m@ﬁtnﬁhgpw%aﬁgecx)&amng of thdthRall bERA, Chaichhe
plunger in the down Or dispensing position. Schengtic (b) of Figure 1 also
shows the close fit between the plunger 12 and the barrel 11 such as to

m nimze the void volune when the plunger is fully actuated. [0064] Figure
2 is another exenplary enbodi nent of a | ow void vol une positive

di spl acenent pipette 15 for use in the present invention. The LVVPDP 15
includes a barrel 16, a plunger 17 fitted to the barrel 16, an actuator 18
for the plunger 17, and a dispensing tip or needle 19 The barrel 16,

I o 2 1. I T




10066] Figure 3 is an exenplary schematic of a |ow void volune positive

di spl acenent pipette in a lubricant additive reservoir 20. In this case, a
LVWPDP 10wo=o0esmeessved i nto an additive reservoir 22 contairrisag@7iowyne cant
(not shown). The additive reservoir 22 is surrounded by a heating bl ock 24
so that the high viscosity |ubricant conponent (not shown) can be heated to
reduce its viscosity. VI inprovers, pour point depressants, dispersants,

pol yi sobut yl enes, hi gh nol ecul ar wei ght pol yal phaol efi ns and ot her high
viscosity lubricant conponents are typically heated from about 70 degrees C
to about 100 degrees C to decrease thei.p.viscosity for ingestion into and

ej ection out of the LVWPDP 10. Additives packages contai ning one or nore of

t hese high viscosity |ubricant conponents are pricall _heated from about
40 degr eelpvers theamelacuby weighteangd therasseriated bepefith of the plggulas weight
i ngesti Onrﬂoﬁ%ﬁ:‘ﬁle@rjgtﬁé BHbAR vistg. of the LWPDP 10. [0067] Figure 4 is an
exenpl ary schematic of an array of additive reservoirs 30. Each additive
reservoir 22 is surrounded by a heating block 24. Each additive reservoir
22 may coffi0d3h aAulidbjenteofl the ghesents doentipn |isbtoi iaprovediiet acceracyoof shmaln) |,

as well ag,it edi cated LVVPDP 1 void issues associ at wi.th

cr oss. contubrioRn et For e mE Virestty 1B Tub o PRl BRERGh Y, pg it

mul ti t udewithobeedush degradationdofithedtigh Riscogion hibizahty@enponknaufhanalkihg a
Iubricantl dditi%es A heatin% bhock 24 may, al so control fro one.tolg

mul ti t ude bFieaRidiend eontaining Vel SpmpaRRity, dbisnggessriy dR 2oouralfly, mppitor the
contr ol | edodcRnBtaliGHIBE eaéh c6mpanétit N the MR ONWHRAREbRIAIS rélatiVélytlargabiaut

100 degrees C degending upon the type of additive. 100681_Fi9ure 51s an
exenpl ar y vVelmendt it 1ess comRlex ite dnsashice e sqncepsation o Aadiyidygl campgaentss
LVWPDPs. i ifcgllf HIGRRALAEBE Ahad 'isngn%%ﬁm& kY €8k deRitatién rB}b%_ight "gralachl S
used to control” the novenent of LWPDPs 10, 1ngestion of [ubricant
conponent cémpenan er by iyplusamef eashicompenemdser voi r 22, and ej ection of

| ubricant into a destination blend container 52. An exenplary, but not
limting iC TR i 0l q§§% hﬁk%. ; t t

bri dge 44[?533%0% In Igi%%?g%. %%Jn‘ri’o ot ﬁgﬂg{qr%%ggflag rﬁﬁlg%ggg ofgr Qcc;%ﬁgﬂrr

sel ect a brodrCiRgismdll brbricast blengs ovhicle inghede high vissosity dubriqamt icamplesentsi\/PDP
source ar 4 dy. s r-ansp P i i arr ay
48. 10069 eeggggr%%hg%§a§&%ggEgyhﬁyégg?ncl%38&£?g&gyaﬁgpgﬁ§%g€?#59 ocks
24 t o pr ehelaime, haot glreferiablyo $ést ythawl @St miHilitersoofl éstal eolummegr aridheven snoi t y.
For exanpl e, in Fi e t.here ar.e three heating zones 24 shown with one
at 90C, ap’é?g?;%ﬁla IS%L{[%‘C,% gﬁﬁﬁgeﬁsmf??}ag‘fqu@Sm temperature. The destination
array 48 includes a series of destination blend containers 52 for delivery
of the hi glo34] scrf préseddiniention rdlaRs @e el disdovery mat ascufdty dfysndlBibridahiude a
bal ance 54 fqr méighinghége amoynt of lubricant, additive geposited into a
dest i nat | BISnBY SRHAIYAR RigHy VISEATY; GABRAORSRIS (Fan b AMPECvES, by husipg RIPFHesar m
42 posi ti giifvatddeoy-¥REiReACo P pisoniWith d8Rif ARthOWaPhe ik GHRVACR aFe detidddat i s

positioned on top of the balance 54 and injects the additive into the blend
cont ai ner a5Bositfyredisplasementapinptics (herpin #lep refsirrd taps yPPR b cBuehpirges ateve
fromthe E@mu&\@é%é& 4l GerRPfe %fﬁ@l&h%&k:ﬂﬁé et dht aPlighRNdsianpt @i ner s
52. The roboti € arm 42 then noves the LVVPDP 10 back to the origi nal

addi ti ve thegupstisi barged ingjeetnd. BDKsdmpegvedjentbacepgacydbepausg the pisten displacesnd
the tip o i S\ i : S e bk mai ns
O I A T SN e R S
dest i nat i geneate hdglspressure an tlee liguid, which ik pagicalaskyprelavaphwhes psing)pipetteseduce

th ..of i k i.ti i i t 10.
00701 Thiithia Bhaft 8B il hS G0 WA hikinB SHENIEAA blflics: "WpbaY VS
e e N 1

V | V u | I |
TPerTro i ey St il 1R G Bh8V oo ABEtAN o G0 e 1REH SR BORBYpells by 4
conput er Shead rifeG@idadieabbteess @i propoftional tethe(ram oBflownthrdughadrserifiss; hndlo

control the amount of, addbé)ye sycked jnto the LVVPDP %0 ah t he squr.ce
array 46 HepPreOnmipiates Ibricaukdeggadation, By mpartaphipkeepr Hayfafss low

di spensedcdiainh BgesRNd isRedr Rfts2rTIRY W rafdt F 8RMIgH &8dcbigf compbhaiidispngai ner
52. The conputer or_progra | ogi c controller contains iInformatiop on

mrabl e
al | the atdpygh aa aificeathould ba coptroberitq ikoer the ehspsira baowrRix 10nFef mat i on
i ncludes, but is not limted to, physical properties such as viscosity and
density. The conputer also has a list of blend recipes, which includes the
concentration of each additive in the blend recipe. The conputer or
programmabl e | ogic controller also has a feedback control nechanismto -2
- the balance for controlling the weight of each additive conponent
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- 23 - with a small LVWWPDP. The | arge LVVPDP or the conventional pipette is
used to dispense 90-99% of the target quantity and the actual quantity
added i s weteognozad by t he bal ance. The conputer or theprprage@monidbe | ogi c
controller then calcul ates the remai ning anmount to be added by the small
LVWPDP. An aut omat ed feedback routine can be used to further inprove the

di spensing of lubricant additives from LVWPDPs and conventi onal pipettes.
[0079] The | ubricant blend station including LVWPDPs for dispensing high
viscosity additives of the present invention are suitable for |aboratory
applications where the blend quantitiesl@&re relatively snall. The | ubricant
bl end station including LVWPDPs for dispensing high viscosity additives of
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appl | cat i orefefably telewmdixny01sebr'i cants and | ubricant additives where the
| ubricant blend station of the present invention may be utilized. [0080]
Appl i cant e .att ted to.disclgse.all enbodi nents and applications of
the discl i%{ie}ys u@’tee ”B%e[d[ 'é‘F‘hPHé’[fJ tg%‘tﬂ‘% bﬁ’"r"é‘é%‘t‘ﬂﬁ’é%\"iﬁ ysing:@ibeless pesitiver |
t her e naydisplacaherntcpipeaty & phmieulshaniiiadle ik | { iy Rl
equi valents. Wile ?ﬁ%’l resgnt i nvlgnt il.on eha_s ble%ﬁﬁgﬂegggfglhbgge?% cor%glﬁ%gtti on
with specPPPRODGAIS LR gveeﬁwbédv%m%oslneh@mami qomponent deadditiveis defined
al teratioasa ligst Withod WRBSsi bl b k] oD r t 0.t hos
skilled in the art in i gh?”?ﬁ?g ?tﬁgﬂ?’%’ﬁ heg%?%%ﬂﬂgéss?ﬁi D P *The ﬁ‘c?ﬁ*t&g‘égﬁﬁi ng
from t he BISF¢Rtt inyendeny e particwlarlyr siwhle dosclispensing Wbcioati ngponéhe or
present di&hlASUNWBh £ i S ceoal ch alt ions,
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f ol | owi ngP&HewaTlE suitabla Jor dispensing prozicent companenisoor aduitivdsewit viavisegsty
thereto V\@,ité].@%r{Hggilbb@geﬁt&%i&c%q%o&@ereof. EXAMPLES Exanple | [0082]

addi t re di

Three | ubricant itirves i spensed using the 10 pl1 G lson M cronman

| ow void vol une positive displacenent pipettes (Type CP10) and the results
are conp icant Additi obt ai ned using the Tecan Liquid Handling device
which is 2008/ 002349PCT/ US2007/010700 - 24 - on air/liquid

di spl acen@ﬁts’ EPT#\é/l\Qﬂg qrngftfv(fﬁsora‘??d“q%“ﬁ/‘ﬂf"(‘}g?’ brtosrermat dimided toyeviseegityi ves
used ar e mbdifiers, ndifpdibants. dafEals, Tpdire pdint Respréssitits Opo L ARbuINPh&2! hi
Properties pf the Additives Us in Exa?rpl el Par at orf;ra\e 80f13MI nfi’nelﬁ}rln
D3426 | nf PR ﬁ%avggsfg apl(yp&gxa? S, antiwear/extreme pressure agents, antioxidants,

demulsifiers, seal swelling agents, friction modifiers, corrosion inhibitors, and antifoam

additives, as well as packages containing mixtures of these lubricant additives, such as
for example mixtures of dispersants, detergents, antiwear/extreme pressure agents,
antioxidants, demulsifiers, seal swelling agents, friction modifiers, corrosion inhibitors,
antifoam additives, and pour point depressants. High viscosity lubricants include, but
are not limited to, viscosity modifiers, pour point depressants, dispersants,
polyisobutylenes, and high molecular weight polyalphaolefins and additive 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.



VI I nprover Additive Package Pour Point Depressant 85 Kinemati [
100C, cSt 1025 190 KinenaticVi scosityat 48C, cSt -- 4112 740 cEfbgg?lilf%/at
was f oundwoOhads/tobz9l ow voi d positive di splacenment pipet Pe3/uS200S0M07M Cr oman
MLO gave excellent results at roomtenperature while the Tecan RSP100

i quid handling system could not handl e the sane conponents at room
tenperature. The results obtained using the Mcroman MO is given in Table
3. In conparison, the data fromthe Tecan liquid handling systemis given
in Table 4. [00851 Table 3: Dispensing Precision of the Mcroman MLO LVPDPs
(Target 10.0 I, Room Tenp) Paratone 8Q@il

[0038] Suitable viscosity index improvers include high molecular weight (polymeric)
hydrocarbons, polyesters and viscosity index improver dispersants that function as both
a viscosity index improver and a dispersant. Typical molecular weights of these
polymers are between about 10,000 to 1,000,000, more typically about 20,000 to
500,000, and even more typically between about 50,000 and 200,000.

[0039] Examples of suitable viscosity index improvers are polymers and copolymers
of methacrylate, butadiene, olefins, or alkylated styrenes. Polyisobutylene is a
commonly used viscosity index improver. Another suitable viscosity index improver is
polymethacrylate (copolymers of various chain length alkyl methacrylates, for
example), some formulations of which also serve as pour point depressants. Other
suitable viscosity index improvers include copolymers of ethylene and- propylene,
hydrogenated block copolymers of styrene and isoprene, and polyacrylates (copolymers
of various chain length acrylates, for example). Specific examples include olefin
copolymer and hydrogenated styrene-isoprene copolymer of 50,000 to 200,000

molecular weight.

[0040) Viscosity modifiers are used in an amount of about 1 to 25 wt% on an as
received basis. Because viscosity modifiers are usually supplied diluted in a carrier or
diluent oil and constitute about 5 to 50 wi% active ingredient in the additive
concentrates as received from the manufacturer, the amount of viscosity modifiers used
in the formulation can also be expreséed as being in the range of about 0.20 to about 3.0
wi% active ingredient, preferably about 0.3 to 2.5 wi% 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
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metal surfaces. Dispersants may be ashless or ash-forming in nature. Preferably, the
dispersant is ashless. So called ashless dispersants are organic materials that form
substantially no ash upon combustion. For example, non-metal-containing or borated
metal-free dispersants are considered ashless. In contrast, metal-containing detergents

discussed above form ash upon combustion.

[0042] Suitable dispersants typically contain a polar group attached to a relatively
high molecular weight hydrocarbon chain. The polar group typically contains at least
one element of nitrogen, oxygen, or phosphorus. Typical hydrocarbon chains contain

50 to 400 carbon atoms.

[0043]) Chemically, many dispersants may be characterized as phenates, sulfonates,
sulfurized phenates, salicylates, naphthenates, stearates, carbamates, thiocarbamates,
phosphorus derivatives. =~ A particularly useful class of dispersants are the
alkenylsuccinic derivatives, typically produced by the reaction of a long chain
substituted alkenyl succinic compound, usually a substituted succinic anhydride, with a
polyhydroxy or polyamino compound. The long chain group constituting the oleophilic
portion of the molecule which confers solubility in the oil, is normally a
polyisobutylene group. Many examples of this type of dispersant are well known
commercially and in the literature. Exemplary U.S. patents Nos. describing such
dispersants, and incorporated by reference in their entirety, are 3,172,892; 3,2145,707;
3,219,666; 3,316,177; 3,341,542; 3,444,170; 3,454,607, 3,541,012; 3,630,904;
3,632,511; 3,787,374 and 4,234,435. Other types of dispersant are described in U.S.
Patents Nos. 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
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least 50 carbon atoms in the hydrocarbon substituent, with at least one equivalent of an

alkylene amine are particularly useful.

[0045] Succinimides are formed by the condensation reaction between alkenyl
succinic anhydrides and amines. Molar ratios can vary depending on the polyamine.
For example, the molar ratio of alkenyl succinic anhydride to TEPA can vary from
about 1:1 to about 5:1. Representative examples are shown in U.S. Patent Nos.
3,087,936; 3,172,892; 3,219,666; 3,272,746; 3,322,670; and 3,652,616, 3,948,800; and
Canada Pat. No. 1,094,044, all of which are incorporated by reference in their entirety.

[0046] ' Succinate esters are formed by the condensation reaction between alkenyl
succinic anhydrides and alcohols or polyols. Molar ratios can vary depending on the
alcohol or polyol used. For example, the condensation product of an alkenyl succinic
anhydride and pentaerythritol is a useful dispersant.

[0047] Succinate ester amides are formed by condensation reaction between alkenyl
succinic anhydrides and alkanol amines. For example, suitable alkanol amines include
ethoxylated polyalkylpolyamines, propoxylated polyalkylpolyamines and polyalkenyl-
polyamines such as polyethylene polyamines. One example is propoxylated
hexamethylenediamine. Representative examples are shown in U.S. Patent No.

4,426,305, which is incorporated by reference in its entirety.

[0048] The molecular weight of the alkenyl succinic anhydrides used in the preceding
paragraphs will typically range between 800 and 2,500. The above products can be
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
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from 800 to 2,500. Representative examples are also shown in U.S. Patent Nos.
3,697,574; 3,703,536; 3,704,308; 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 molecular weight aliphatic acid modified Mannich condensation
products useful in this invention can be prepared from high molecular weight alkyl-

substituted hydroxyaromatics or HN(R), group-containing reactants.

[0051] Examples of high molecular weight alkyl-substituted hydroxyaromatic
compounds are polypropylphenol, polybutylphenol, and other polyalkylphenols. These
polyalkylphenols can be obtained by the alkylation, in the presence of an alkylating
catalyst, such as BFj3, of phenol with high molecular weight polypropylene,
polybutylene, and other polyalkylene compounds to give alkyl substituents on the

benzene ring of phenol having an average 600-100,000 molecular weight.

[0052] Examples of HN(R); group-containing reactants are alkylene polyamines,
principally polyethylene polyamines. Other representative organic compounds
containing at least one HN(R), group suitable for use in the preparation of Mannich
condensation products are well known and include the mono- and di-amino alkanes and
their substituted analogs, e.g., ethylamine and diethanol amine; aromatic diamines, e.g.,
phenylene diamine, diamino naphthalenes; heterocyclic amines, e.g., morpholine,
pyrrole, pyrrolidine, imidazole, imidazolidine, and piperidine; melamine and their

substituted analogs.

[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
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ammonia and dihalo alkanes, such as dichloro alkanes. Thus the alkylene polyamines
obtained from the reaction of 2 to 11 moles of ammonia with 1 to 10 moles of
dichloroalkanes having 2 to 6 carbon atoms and the chlorines on different carbons are

suitable alkylene polyamine reactants.

[0054] Aldehyde reactants useful in the preparation of the high molecular products
useful in this invention include the aliphatic aldehydes such as formaldehyde (also as
paraformaldehyde and formalin), acetaldehyde and aldol (B-hydroxybutyraldehyde).
Formaldehyde or a formaldehyde-yielding reactant is preferred.

[0055] Hydrocarbyl substituted amine ashless dispersant additives are disclosed, for
example, in U.S. Patent Nos. 3,275,554; 3,438,757; 3,565,804; 3,755,433; 3,822,209

and 5,084,19; all of which are herein incorporated by reference.

[0056] Preferred dispersants include borated and non-borated succinimides, including
those derivatives from mono-succinimides, Bis-succinimides, and/or mixtures of mono-
and bis-succinimides, wherein the hydrocarbyl succinimide- is derived from a
hydrocarbylene group such as polyisobutylene having a Mn of from about 500 to about
5000 or a mixture of such hydrocarbylene groups. Other preferred dispersants include
succinic acid-esters and amides, alkylphenol-polyamine-coupled Mannich adducts,
their capped derivatives, and other related components. Such additives may be used in

an amount of about 0.1 to 20 wt%, preferably about 0.1 to 8 wt%.

Pour Point Depressants

[0057] Conventional pour point depressants (also known 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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are herein incorporated by reference, describe useful pour point depressants and/or the
preparation thereof. Such additives may be used in an amount of about 0.01 to 5 wt%,

preferably about 0.01 to 1.5 wt%.

Typical Additive Amounts

[0658] When lubricating oil compositions contain one or more of the additives
discussed above, the additive(s) are blended into the composition in an amount
sufficient for it to perform its intended function. Exemplary amounts of such additives
useful in the present invention are depicted in Table 1 below. Note that many of the
additives are shipped from the manufacturer and used with a certain amount of base oil
solvent in the formulation. Accordingly, the weight amounts in the table below, as well
as other amounts referenced in the present disclosure, unless otherwise indicated, are
directed to the amount of active ingredient (that is the non-solvent portion of the
ingredient). The weight percentages indicated below are based on the total weight of

the lubricating oil composition.

[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
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demulsifier, seal swelling agent, friction modifier, and antifoam additive, 0.1-0.5 wt%
pour point depressant. In some cases, some of these additives are packaged together by
an additive supplier. In these additives, the VI improver and dispersants are high
viscosity components (13,000 - 17000 centipoise under low shear condition). When
heated to about 90° C, the viscosities of these two components decrease to a viscosity
from about 500 to about 2000 centipoise under low shear conditions, which are still

difficult to handle with the traditional liquid handling equipment.

[0062] Many PDPs have a piston or plunger which slides inside a barrel, the tip of
which is tapers to a fine point. Sometimes this tip can be very fine, especially where a
high degree of blend accuracy is desired. If the piston and barrel are not be fitted to
one another when the piston is pressed into the barrel to eject a volume of liquid, not all
the liquid will be ejected because there is a void volume between the piston and the
barrel. In addition, air can be trapped between the piston and the liquid. Low Void
Volume Positive Displacement Pipettes (herein also referred to as “LVVPDP”) are
pipeﬁes that have pistons or plungers matched in shape and size to the pipette barrel
and dispensing tip or needle. This minimizes the gap between the plunger or piston and
the inside of the pipette barrel and dispensing tip/needle. In a LVVPDP, the void
volume is less than 1 milliliter, preferably less than 0.5 milliliter, more preferably less
than 0.05 milliliter, and even more preferably less than 0.5 microliter or essentially zero
to minimize the amount of liquid or air trapped between the piston and the liquid. A
LVVPDP may be alternatively defined by the % volume of the dispensing tip or needle
that is filled by the plunger. For this alternative definition of a LVVPDP, it is one
having at least 70% 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 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.
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[0063] Two representative types of low void positive displacement pipettes are
shown in Figures 1 and 2. The components of the LVVPDP may be made out of
plastic, glass or metal. Polypropylene is a preferred plastic. Figure 1 is one exemplary
embodiment of a low void volume positive displacement pipette 10 for use in the
present invention. The LVVPDP 10 is a syringe-like injector that may be disposable or
non-disposable. A non-disposable device may be reused, whereas a disposable device
is intended for single use. In many applications, the pipettes might be used multiple
times for the same components. The LVVPDP 10 includes a barrel 11, a plunger 12
fitted to the barrel 11, an actuator 13 for the plunger 12, and a dispensing tip or needle
14. The dispensing tip or needle 14 preferably has a tapered design. The high viscosity
lubricant fills the volume of the barrel 11 below the plunger 12 and into the tip or
needle 14. The actuator 13 may be moved up and down by either a manual means or
via a robotic means. One schematic (a) of Figure 1 depicts the plunger 12 in the up or
fill position, and the other schematic (b) of Figulle 1 depicts the plunger in the down or
dispensing position. Schematic (b) of Figure 1 also shows the close fit between the
plunger 12 and the barrel 11 such as to minimize the void volume when the plunger is

fully actuated.

[0064] Figure 2 is another exemplary embodiment of a low void volume positive
displacement pipette 15 for use in the present invention. The LVVPDP 15 includes a
barrel 16, a plunger 17 fitted to the barrel 16, an actuator 18 for the plunger 17, and a
dispensing tip or needle 19. The barrel 16, plunger 17, and tip or needle 19 are of an
alternative shape that minimizes the void volume between the plunger 17, and the
inside of the barrel 16 and dispensing tip or needle 19. This minimizes the void volume
when the plunger 12 is fully actuated. One schematic (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
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requirec pumps, and therefore equipment complexity and the possibility of
contamination are avoided. Correspondingly, the overall lubricant blending system is
simplified when using LVVPDPs.

[0066] Figure 3 is an exemplary schematic of a low void volume positive
displacement pipette in a lubricant additive reservoir 20. In this case, a LVVPDP 10 is
inserted into an additive reservoir 22 containing lubricant (not shown). The additive
reservoir 22 is surrounded by a heating block 24 so that the high viscosity lubricant
component (not shown) can be heated to reduce its viscosity. VI improvers, pour point
depressants, dispersants, polyisobutylenes, high molecular weight polyalphaolefins and
other high viscosity lubricant components are typically heated from about 70 degrees C
to about 100 degrees C to decrease their viscosity for ingestion into and ejection out of
the LVVPDP 10. Additives packages containing one or more of these high viscosity
lubricant components are typically heated from about 40 degrees C to about 60 degrees

C to decrease their viscosity for ingestion into and ejection out of the LVVPDP 10.

[0067] Figure 4 is an exemplary schematic of an array of additive reservoirs 30.
Each additive reservoir 22 is surrounded by a heating block 24. Each additive reservoir
22 may contain a different high viscosity lubricant additive (not shown), as well as its
own dedicated LVVPDP 10 to avoid issues associated with cross contamination of
lubricant additives. There may be from 1 to a multitude of heating blocks 24 depending
upon the type and number of lubricant additives. A heating block 24 may also control
from one to a multitude of additive reservoirs 30. The heating blocks 24 may be
controlled to a temperature ranging from 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
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select a LVVPDP 10 from its respective additive reservoir 22 in the LVVPDP source
array 46 and transport the LVVPDP 10 to the LVVPDP destination array 48.

[0069] The source array 46 may also include one or more heating blocks 24 to
preheat the high viscosity additive in order to lower the viscosity. For example, in
Figure 5, there are three heating zones 24 shown with one at 90°C, a second at 50°C,
and a third at room temperature. The destination array 48 includes a series of
destination blend containers 52 for delivery of the high viscosity additive. The
destination array 48 may also include a balance 54 for weighing the amount of lubricant
additive deposited into a destination blend container positioned on the balance 53. The
robotic arm 42 positions the LVVPDP 10 above the destination blend container 53 that
is positioned on top of the balance 54 and injects the additive into the blend container
53. The robotic arm 42 may then optionally inject the additive from the same LVVPDP
10 into one or more other destination blend containers 52. The robotic arm 42 then
moves the LVVPDP 10 back to the original additive reservoir 22 of the source array 46.
No washing of the line and the tip of the LVVPDP 10 is needed between each use as
the additive remains constant in each additive reservoir 22. Each additive reservoir 22
and/or destination blend 52 container may also have a septum (not shown) to reduce the

amount of viscous additive coating the needle or tip of the LVVPDP 10.

[0070] The robotic arm 42 and support bridge 44 are controlled by a computer or a
programmable logic controller (not shown) to control their movement relative to the
source array 46 and the destination array 48 in order to pick-up and return LVVPDPs
10. The robotic arm 42 controlled by a computer or a programmable logic controller
(not shown) is also used to control the amount of additive sucked 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
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the balance for controlling the weight of each additive component dispensed into the
destination blend container 53. The computer or programmable logic controller
includes a calibration routine for the stroke of the plunger 12 in the barrel 11 and needle
14 of the LVVPDP 10 versus the weight of a particular lubricant additive dispensed.
The calibration routine and feedback control mechanism allows the lubricant blend
station 40 of the present invention to more quickly and accurately dispense lubricant

additive components into a destination blend container 53 positioned on the balance 54.

[0071] As the computer directs a LVVPDP 10 to withdraw a specific volume of high
viscosity lubricant component from an additive reservoir 22 and deposit it into a
destination blend container 53, it may make two or more measurements. The computer
monitors the volume of high viscosity lubricant component withdrawn by the LVVPDP
10. In addition, the mass of high viscosity lubricant component deposited into the
destination blend container 53 is measured by the balance 54 sitting under the
destination blend container 53. The destination blend container for lubricants may
accommodate less than 100 milliliters in volume, and preferably less than 10 milliliters

in volume for producing small lubricant blends.

[0072] The LVVPDP 10 associated with each additive reservoir 22 in the source
array 46 may also be a disposable-type pipette. In this case, the robotic arm 42 will
pick up a disposable LVVPDP 10, move it to the appropriate additive reservoir 22
depending on the additive desired, load the disposable LVVPDP 10 with additive,
move to the destination blend container 52 (could be on top of a balance), and inject the
lubricant additive into the blend container 52. The destination blend container 53 may
also optionally be sitting on the balance 54 at the time of injection to measure 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
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component. The temperature of the high viscosity blend component or additive should

be below 110°C, preferably below 91°C, and more preferably below 51°C.

[0074] The accuracy of lubricant blends made with high viscosity lubricant blend
components and method of the present invention may be further improved by
simultaneously measuring the weight and volume delivered to the blend vessel. This
may be done by comparing the volume pipetted by the LVVPDP to the volume
calculated by multiplying the measured mass with the density of the high viscosity
component stored in the computer. If the volume and mass measurements are not in

agreement than an error condition may be reported by the computer.

[0075] In another exemplary embodiment of the present invention, density of a high
viscosity lubricant component may be accurately measured while simultaneously
~ making lubricant blends via the computer or programmable logic controller. This is
done by using the volume and mass measurements made by the computer for each high

viscosity lubricant component.

[0076] In yet another exemplary embodiment of the present invention, density of a
high viscosity lubricant component may be measured over a range of temperatures by
varying the temperature of the high viscosity lubricant components and measuring the
volume and mass. The density is then calculated by the computer or programmable

logic controller by dividing the mass by the volume.

[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
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with a small LVVPDP. The large LVVPDP or the conventional pipette is used to
dispense 90-99% of the target quantity and the actual quantity added is determined by
the balance. The computer or the programmable logic controller then calculates the
remaining amount to be added by the small LVVPDP. An automated feedback routine
can be used to further improve the dispensing of lubricant additives from LVVPDPs

and conventional pipettes.

[0079] The lubricant blend station including LVVPDPs for dispensing high viscosity
additives of the present invention are suitable for laboratory applications where the
blend quantities are relatively small. The lubricant blend station including LVVPDPs
for dispensing high viscosity additives of the present invention are also suitable for
high throughout experimentation (HTE) type applications. These applications do not
limit the range of other applications for blending lubricants and lubricant additives

where the lubricant blend station of the present invention may be utilized.

[0080] Applicants have attempted to disclose all embodiments and applications of the
disclosed subject matter that could be reasonably foreseen. However, there may be
unforeseeable, insubstantial modifications that remain as equivalents. While the
present invention has been described in conjunction with specific, exemplary
embodiments thereof, it is evident that many alterations, modifications, and variations
will be apparent to those skilled in the art in light of the foregoing description without
departing from the spirit or scope of the present disclosure. Accordingly, the present
disclosure is intended to embrace all such alterations, modifications, and variations of

the above detailed 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
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on air/liquid displacement. The descriptions and the typical properties of the additives

used are given in Table 2.

[0083] Table 2: Descriptions and Typical Properties of the Additives Used in

Example 1
Paratone 8011 | Infineum D3426 | Infineum V387
Additive Type VI Improver Additive Pour Point
Package Depressant
Kinematic Viscosity at 1025 190 85
100C, cSt
Kinematic Viscosity at - 4112 740
40C, cSt

[0084] It was found that the low void positive displacement pipettes Gilson
Microman M10 gave excellent results at room temperature while the Tecan 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
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[0086] Table 4: Dispensing précision of Tecan RSP100 liquid handling System
(Target 12.5 ul, Room Temp)

Paratone 8011 Infineum D3426 Infineum V387
grams grams grams

Dispense #1 0.00546 0.00939 0.00932
Dispense #2 0.00527 0.0108 0.00987
Dispense #3 0.0035 0.01015 0.00957
Dispense #4 0.00639 0.00994 0.00983
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
Dandard 0.002622 0.000637 0.000226
% Coefficient of 61.52 6.53 2.36
Vatiation

Example 2

[0087] It was also found that Microman M100 (100 pl) low void positive
displacement pipettes also gave excellent dispensing precision at room temperature
wﬁen 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.
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[0088] Table 5: Dispensing Precision of the Microman M100 LVPDPs (Target

100.0 pl, Room Temp)
Paratone 8011 Infineum D3426 Infineum V387

grams grams grams
Dispense #1 0.086 0.094 0.086
Dispense #2 0.0859 0.0939 0.0859
Dispense #3 0.086 0.0936 0.0856
Dispense #4 0.0861 0.0935 0.0858
Dispense #5 0.0859 0.0938 0.0861
Dispense #6 0.086 0.094 0.0859
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
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Example 3
[0090] Paratone 8011 was dispensed at room temperature, 50°C and 90°C using 2.5

ml Jencons Scientific positive displacement pipettes (488-008) with and without
modification. A razor blade was used to cut the pipette tip to remove the air space near
the end of the tip. The modification reduces the void of the pipette. It was found that
the modification leads to improvement in dispensing precision at room temperature and

at 50°C. However at 90°C, no advantage was observed. The data are given in Table 7.

[0091] Table 7: Dispense of Paratone 8011 at Room Temperature, 50°C, and 90°C
using 2.5 ml Jencons Scientific pipettes with and without modifications.

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
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CLAIMS

L. A method of dispensing small amounts of high viscosity lubricant components with
tubeless positive displacement pipettes with improved accuracy to form a lubricant blend,
the improvement comprising the following steps:

providing a low void volume positive displacement pipette for each lubricant
component contained within a lubricant additive reservoir, and one or more lubricant blend
containers, the containers having less than about 100 ml total volume;

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;

gjecting into said one or more lubricant blend containers an gjection volume of said
lubricant component from said low void volume positive displacement pipette at a rate
below a preselected threshold shear rate;

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.
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4, The method of claim 3 further comprising the step of heating one or more high
viscosity lubricant components to a temperature below about 91°C prior to said ingesting

step.

5. The method of claim 4 further comprising the step of beating one or more high
viscosity lubricant components to a temperature below about 51°C prior to said ingesting

step.

6. The method of claim 1, wherein said ingesting step is at a shear rate of less than

about 5x10° sec™.

7. The method of claim 6, wherein said ingesting step is at a shear rate of less than

about 1x10° sec™.

8. The method of claim 1, wherein said ejecting step is at a shear rate of less than

about 1x10° sec™.

9. The method of claim 8, wherein said ejecting step is at a shear rate of less than

about 1x10* sec™.

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.
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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 ejected from said
low void volume positive displacement pipette by multiplying the density of said lubricant

component by the volume ejected of said lubricant component.

13.  The method of claim 12, wherein said computer or programmable logic controller is
further used to measure a calculated density of said lubricant component ejected from said
low void volume positive displacement pipette by dividing said calculated mass by said
volume of said lubricant component ejected from said low void volume positive

displacement pipette.

14.  The method of claim 13, wherein said computer or programmable logic controller is
further used to measure an actual density of said lubricant component ¢jected 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.

15.  The method of claim 14, 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.

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,

o
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polyisobutylenes, high molecular weight polyalphaolefins, antiwear/extreme pressure
agents, antioxidants, demulsiflers, seal swelling agents, friction modifiers, corrosion

inhibitors, antifoam additives, and mixtures thereof.

19.  The method of claim 1 wherein said lubricant component has a viscosity greater

than about 500 centipoise at 100°C.

20.  The method of claim 19 wherein said lubricant component has a viscosity greater

than about 1000 centipoise at 100°C,

21.  The method of claim 1 wherein said lubricant additive reservoir is covered by a

septum.

22. The method of claim 1 wherein said lubricant blend container is less than 100

milliliters in volume.

23, The method of claim 22 wherein said lubricant blend container is less than 10

milliliters in volume.

24.  The method of claim 1 wherein said low void volume positive displacement pipette

is disposable.

25. The method of claim 1 wherein said method is used in high throughput

experimentation type applications.

26.  The method of claim 1 wherein said low void 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.



-~

0.322 0.587 0.594 - 28 - CLAIMS 1. A nethod of dispensing snal
anounts of high viscosity lubricant conponents with tubel ess positive
di spl acenent pipettes with i nproved accuracy to forma | ubricant

bl end, the inprovenent conprising the follow ng steps:

providing a | ow void vol une positive dj splacenent pipette for each

| ubri cant conponent contained within 23} ubricant additive reservoir,
and one or nore lubricant blend containers, the contai ners having

| ess than about 100 ml total vol une; ingesting into said | ow

voi d vol urge pOBlietthatBodlbEdMiRCEMNBRYreiRisAAlS@ vhidaMinepdsifve idepnienddi ti ve
reservoir an ingestion _ volunme of a |ubricant conponent; novi ng

sai d | ow RiB¢Us Bpagp yais yohune lesscthen .96 subigst pi pette fromsaid

| ubricant additive reservoir to said one or nore |ubricant blend
cont ai ners; ejecting into said one or nore |lubricant blend
cont ai ner29. an Bjegutthahofaddimis weliersiaissid lovd vodantuncopoive dispfacanemai d
| ow voi d vol ositive djsplac nt pipette at a rate below a
presel ect%ﬁettjeﬁ'gég%lld&’ Ollﬂ’é%#ﬁsﬁg?%&gemwmﬁte?et urning said | ow void

vol une positive displacenent pipette fromsaid one or nore |ubricant

bl end containers to said additive reservoir; and __ repeating said
i ngest i ng?0- sai therpsthehol daimdSaylkerein sejd dow vaidivelumes npsitiva gisplaspmeritor

each addb&hgggﬁsEggﬁﬁm§qﬁ‘5§pggﬁﬁgt. 2. The nethod of claim1l

further cohprising the step provi ding a bal ance for
wei ghing a nmass of said one or nore |ubricant blend containers; and

control ling an.act yal s aof each lubrica onponent cted into
card one 07 ropBhdfi BT FASBHIIPHSPE R S e bieEen pche
The met haghs @ftapee tip Witlh W bidebhe @ Esithea 309osthe Ridfvohedd dMgidanRrQr
nore high, viscosity |ubricant conponents to a tenperature bel ow about

110C pri d#P-to said ingesting step. - 29 - 4. The nethod of claim3
further conprising the step of heating one or nore high viscosity

| ubri cant conponents to a tenperature bel ow about 91C prior to said

i ngest i ng32st eplhe methdthef avamhloehetinehidilow 4ofdarolires pastivsrdisplacgmeiteisttep

O oot s TRl A PO PR T e FRRERED o 8 e

11p.

33.  The method of claim 1 wherein said low void volume positive displacement pipette

has a tapered tip with a void volume of less than 2% of the total volume of said tapered tip.

34.  The method of claim 1 further comprising the step of using a small low void
volume positive displacement pipette to improve the dispense accuracy in combination

with a large low void volume, positive displacement pipette or a conventional pipette.

35. A method of dispensing high viscosity lubricant components with tubeless positive
displacement pipettes with improved accuracy to form a lubricant blend comprising the
following steps:

providing a low void volume positive displacement 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, having a total volume
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programabl e |iagdsEing Gitd E4d |8 vdig vbMhdepREitiVS BidplaceriBReSpERe RobdhLbatae
mass of sajd |ubricant conmponent ejected fromsaid | ow void vol une
posi ti ve #idipraesenvinangngrstiervelymagf e fubriginigompenegsnsi ty of said

| ubri cant conpReRt <Y 1dwh6o; I: i g gl : :
conponent. 13. Tﬁ%s rnst&ﬁ’{n)dmgf9 b%ﬁ%ip%@g% &g %%eé? é?illt glgkgpﬁgﬁﬁggﬁhel?blﬁl nt

pr ogr anmedsldéiviegegervoudnsaidlohe pr mereflubridast bleskobntanengasur e a cal cul at ed

density of said l.ubricant conponent. ejected fromsaid.low vojd valu
bosi ti ve i spIUeeE S S o BBy Y Ao on BT n Sipiin YRuay sl
sai d vol Uibrieht Sehsbrkhttffin 8418 160 0HIA %mﬁn@o@ﬁ@edisf)ra@éﬁl@ﬁP@eh@w ai@ied

vol une positive displacenent. pipette. 14. The nethod of claim13,
wher ei n s @ Brseicetrd HﬁresbP]é@ﬁ%ﬂ?ﬁﬁﬁil e logic controller is further
used to measurge.; [ ' nJ ' ed
From sai d T ow vard gl s S As b ol Aok LRk ERPOROR Sl EeL
sai d act urid oress nipye bdridant blendweonthingrivdth salskbatzmne; conponent ej ect ed

fromsaid | ow voi d vol. osi ti ve di.spl nment pipette. 15. The
method of ol aserane GHERS RO AP Eanie AGRElp Rt B sFigng oFmore
cont r ol | elabiicant biehdedntaises td @idakditive rédesroiglemt i ty of said | ubricant

conponent ejected fromsaid |ow, void volune positive djsplacenent
pi pette by corfRfiiagsad ngesing, suid WaKiae: spidaertiag @idourighing erdisaitnsi t v

of said I&ﬁ%ﬁg%%%@ﬁeﬂa&ﬁmﬁﬂ%ﬂﬁ%ﬂ%&@bﬂ&ﬂ hat the difference is
within a specified offset. 16. The nmethod of claim 10 wherein said

conput er or progranmmabl e | ogi c- controller is programmed with one or
nore | ubrjcanthl i 17.. Th thod of claim10 erehn
Cai 0 robottc gl SRR vk 1 ahuelel i st EhEE
bridge. g8up ddmeisting blishs©bils; VAl implowhe dishersaiad, detetglfils GRME psi@rponent

is selected fromthe. gro consj sting, of base oils, VI inmrovers,
di spersa egfesﬁfé‘fsel"aéﬁg@'}t;jlg%‘iﬁr §’6P}?llecglé‘bWé@éﬁ?@?lph@leﬁ?s’-a%wear extreme

pol yi sobyndseRaSenthl AloXBARE YALIsHRNI Al POLMAL RRAR! BdiBS modifiers,
antiwear/extrene pressure agents, antioxidants, denulsiflers, seal

swel | i ng weptos intibifass iaphfoamdidfitizes andmixterss therdofihi bi t ors, anti f oam
additives, and m xtures thereof. 19. The method of claim1l wherein
said | ubricant conponent has a viscosity greater than about 500
centi poi s37.at TH2Gfiethod of claim 36 wherein said one or more lubricant components with a high

viscosity is selected from the group consisting of VI improvers, dispersants, pour point
depressants, polyisobutylenes, high molecular weight polyalphaolefins, and additive

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



20. The nethod of claim 19 wherein said | ubricant conponent has a
viscosity greater than about 1000 centipoise at 100C. 21. The net hod
of claim1 wherein said lubricant additive reservoir is covered by a
septum 22. The nethod of claim1 wherein said |ubricant blend

container is less than 100 mlliliters in volunme. 23. The nethod of
claim 22 wherein said lubricant blend #bntainer is |l ess than 10
mlliliters in vol une. 24. The nmethod of claim1l wherein said | ow

voi d volunme positive displacenent pipette is disposable. 25. The

met hod of 3¢l ai Meln¥h&d 6f dlaised S witleltogid Seéﬂhﬁg%é fis Qia%?le%"?ﬁt_@%gfé@%an .

experinmentation %ypg applications. 26. "The net hod alm1 wherein
sai d | ow abehdl*A8 sage. positive di spl acement pipette has a void vol une
less than 1 milliliter. 27. The nethod of claim 26 wherein said | ow
voi d vol une positive displacenent pipette has a void volunme | ess than
0.5 mi|li34.t erThe m@Rod of2Baiml3te witeiehowdiddonglusdr @ Brbgvdnanstlflogii ddniroNer is

voi d vol une _positive displage .pipette has a void valune | ess_ than
0705 i | |464 Fmeasuizg: VoRHRe b PHEATE FOmPATSS: SipHadarem SEN Y spidosine

vol ume pqﬁgﬁﬁMnghgahaﬁ?qﬁﬁg pi pette has a void volune | ess than 0.5
mcroliter. 30. The nethod of claim29 wherein said | ow void vol une

positive displacenent pipette has essentially no void volune. 31.
The met hog, of ' Q] Ld. voi d. vol une posi;tive. .
di ool aceridhe o isapfhol AR, 2, SRk Sn A ckRlofnct O RGBSR e comgter s
t han 30% fafthéhsed ptmtaswelaakubiedstasd of 4@ hudéicdrit pPompaitnt djb@edrRbiiadidof
claim1l er ei, aid |l oqw vai d volunme positive disp|lagenent pipette
has a t a\ffé}‘fe‘f iq y3)ipe Pﬂsﬂé‘fﬁfgFfﬂa%?meawﬁp%e%w&%lwlaf% t_h@@ﬁnéﬁy 9%-&@ b‘i’afmlt
vol ume  of copidoflertBPMEFbIhO ejectdd of SEREIBBLLPGoRforeh@l M 1 wherein sai d

| ow void volune positive di'spl acenent pipette has a tapered tip with

a void volune of |less than 2% of the total volune of said tapered

tip. 34.,4The t Al t i S| . of

St i 15 ol B bl G 48 bt d e oF bS]t BRI
di spense fagbemaed/toimeasometal cabiilacsa dentity of shidrlggidanweovgiotent @) eared from said
positive di splacenment pi.pette or a conventjaonal pipette. B 35. A .

met hod of Y| _59&_@ Flﬁgpﬂfi%% %FF@%&}GP&PIP% YHRENSHPGAERIREIRAsHbY said
tubel ess yMshé biVRidiusRt-A¢ CaTBFEne Rt dpRtddePorisil [dvRbAYBRNAGSIHIREY tO
forma lubricant blend conprising the follow ng steps:
providinghﬁﬂﬁ@ﬁEVUﬂﬂﬁVblune positive displacenent pipette for each

| ubri cant conponent contained within a |ubricant additive reservoir,

a heating nmeans for said |ubricant additive reservoir, one or nore
| ubri cant4bl eritheguethal oferlsm 4awhaginsatdotoatipuks lotupwgrammdle logic controlier is

further used to measure 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 Jubricant component gjected from said low void volume positive displacement pipette.

43.  The method of claim 42, 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.

44.  The method of claim 35 wherein said computer or programmable logic controller is



| ess than about 100 ml, a bal ance for weighing a mass of said one or
nore | ubricant blend containers, and a robotic neans coupled to a
conputer or programmable [ ogic controller for coordinating and
controlling the follow ng steps; heati ng one or nore | ubricant
conponents wit a high viscosity to a tenperature bel ow about 110C;
ingesting into said | ow void volune po¥ttive displacement pipette
fromthe lubricant additive reservoir an ingestion volune of a

| ubri cant conponent; noving said | ow void vol ume positive
di Spl acengpaphRALYiE SeQPrsiab bl bzaltecsidi ti ve reservoir to said
one or nore |ubricant blend contalners; ejecting into said one

or nore lubricant blend containers an ejection volune of said

| ubricant,.co nent., f saigd |l ow.voi.d vol.unme positive di .acenent
pipet o da TaRg e AR Do S R e B S5 BB SS

wei ghi ng @afectains raupporgbridpeact ual mass of each | ubricant conponent
ejected into said one or nore lubricant blend containers with said

bal ance; returning said | ow void vol ume positive displacenment
pi pette f40M SpdnQRGI H AR WhEih GARndMRNS u&Rh ﬁigﬁmugﬁ gai d
additive reservoir; and repeating said ingesting, sal d movi ng,

sai d ej ecwxpanenfaiiah typd giplingicmnd said returning steps for each

addi tional |ubricant conponent. 36. The nethod of claim 35 wherein
said lubricant conmponent is selected fromthe group consisting of
l(:j)ase oi | s47.VT T}{mﬁﬂh(gl‘ &Zﬁl&iiﬂ%ﬁ;ﬁﬂh&aidﬁiﬁﬁ @?i@%hﬁr_;e ﬁﬁﬁhfvel&@bfﬁbemen’c
epressant,s, polyli sobuytyl enes, nigh nol ecul ar wel ght .
pol yal phatPdFE %,Xt@ﬁ{eﬁ\k%’a‘?'lf %V?lgﬁf@ uareégfiﬁﬁ éhaaég?ﬁgf,th%‘maﬂas&ua&rﬁfﬁld
demul si f ligfesed §gal swelling agents, friction nodifiers, corrosion

i nhi bitors, antifoam additives, and m xtures thereof 37. The nethod
of claim 36 wherein said one or nore |ubricant conponents with a high

Vi scosity,d S S t f . i.sting of V| j.provers, ..

i spersartis. ponFHbASrAM a8l PRSPk HnBincls MIPERYES s,
wei ght palispddgeinand ppdttes fo fore addslidahmgepbakggrigitheiolldiviig stepe: or nore
of said lubricant, conponents with a_high Yi scosity. - 34 - 38. The
met hod of ol aiPuSNEGHRY &PH voliiree eesispieitinglaseapneke for SrblbriFate of

| ess t harpogtyeHént b¥di@Rc® Sfthin a BBricahPfidi@lcesdrir, ﬁ%@itiﬂg‘?nﬁean!"ﬁﬁrsﬁidn sai d

conputer or progranmable |ogic controller is used to neasure a vol une

of said |lubitaabadditssrpsmnes ors ecnens hrisantddsnd doptaingss Witly » volume less than
positive @ : i . L i

D05 el APHRSSE L0 il 6L TR D0 o Yo YRS 10
neasur e andalrobdtataen comsstadfio a aigporitbidge anipl@bwpaoeapttee pegbgdnintabin

said | ow void volune positiyve, displ ace t.pipette h |tiplying the
donsi t v dbBg PR IIED PRt Fisbhaner g nrhuica Hirnd Tes et e eibaig and
| ubri cantcoapomag ertfollowihg stthg et hod of claim 40, wherein said

conput er or programmable logic controller is further used to neasure

a cal cul at ed d®¥Adngnedr moese Bbrigt cempeneapBreviscasite ercaigr thap aberyiSa0

| ow voi d . hdA i ' v~di vi di ng sai d

cal cul at e%mr%lg% a@gﬁd%?.t %\}gﬁnﬁanjg%g?g@g%s&ﬂnﬁ%@éﬁtC’corrponent ej ected
from sai d | owingastnymlausanl pesvdid veludie pptitdeedispibcepicpepipeite e thellnkricant

thod of .claim 41, . wherein said bl e | ogi
Cont 1 ol | I P T JRGa Dy HBEOf blarcat CoRPodBhe ty of sai d

| ubri cant compnent sd R RAd Yolamepobitve pIHQintknY PbERERHAShil I icant

di spl acenent  pi pette by dividing said actual nmass by said vol une of
sai d | ubrdddiive reservparie prid epeet mereflubipasidilend cowtainsrsd vol une positive
di spl acenment pi T hodl. af i i i .
computer o prisaze o rfone iR IR EloToters HGLRR yRLE of
t he i dentlibycaof caaiodedtdtim sadiove onp onkente popitiet ddplhcanns aipdité atve sheard

vol une por(sitletolfY(%M|ag%Lgu%%ﬁ6;tseg|;pette by conparing said actual density



programmed with one or nore |lubricant blend recipes. 45. The nethod
of claim 35 wherein said robotic nmeans conprises a robotic arm
connected to a support bridge. 46. The nmethod of claim 35 wherein
said nethod is used in high throughput experinentation type
applications. 47. The nethod of claim 35 wherein said | ow void

vol une positive displacenent pipette h3¥s-a tapered tip with a void
vol unme of | ess than 30% of the total volune of said tapered tip. 48.
A et hod of dispensing high viscosity |ubricant conponents with
tubel ess posi tyenids 8 &HBURAG aH'a@ﬁEltﬁ%s%?gécﬂrlmr?cah%ﬂp%ﬁ%{t efkRA%hto
conprising the follow ng steps: providing a | ow voi d vol une
posi ti ve wdidsyleas e tubpcpdblend contaisarshwith daid tedemce;,conponent  cont ai ned
within a lubricant. additive .reservaoir.. a heating neans.for said

'ubri cant addieiyund S04 o foid T Rmed by e3Pt RO Trd sedivh hawe
with a vdubiignt Biead téragind® taRaid additiversser@ifahdnce for wei ghing a nass
of said one or nore Iugri cant %nd contajners, and a robotic_arm
connect ed to dREGHPBFAUC HISFHS WUPRRSt Bideismgurit weighing aud sadrabl e

| ogi c CO%fuﬁ{ihgﬁteﬁﬁgEﬁﬁ‘ﬁ%@it%h&lhulﬁ%n@on%ﬁ&t.‘ ubricant blend recipes
for coordinating and controlling the foll'owm ng steps; heat i ng
one or nore |lubricant conponents with a viscosity greater than about
500 centipois t . erature of |es han, about 110C;
“ngest i ngr nt rearg el S FOTREE S EE et T bR R gt e

f rom t he -lstositcapstenutidn hhone S0@E@IiYOIsE atallDOP O esslet @ fioal theRrdip cansisting

| ubri cant onent; .. novi ng. s%i d low void vol une positive

di spl acergﬁﬁqgwwﬁfsedlﬁ%%ﬁ%sapwqmwi ERIRTSARSAIYISAR U RIS gl mplscuay
one or nNO§&ghiyRIYaGableRhe BRd ARALAL BREST ~ ejecting into said one
or nore |ubricant blend containers an ejection volune of said

| ubri cant conponent fromsaid | ow void vol unme positive displacenent
pi pette a . 0 05 sec-: ,.-.36 - .
Rerohi ng Thd cibehdt St ctin B2 B pbUARO R loulel Y BroR Eiorhatic 1025 copally '
ej ect ed iwtdtosacdurrevadument @id lubritaatdémbdnenicsjexxstt faorh e4id 1ow bbidsaluine
bal ance; . ref urning.said | ow void vol une positive displ acenent
pi pette fROSHIVELisH aﬁ?f'éenégﬂ’?ﬁ?'e | ubricant blond containers to said
additive reservoir; and repeating said ingesting, said noving,
said ejecting, said weighing and said returning steps for each

addi ti onail- | u&heeaﬂbod:@grﬁé@wé% whergn saitheompetdn ot prorasimadbie lgiageairelley is
sai d one j t i: ' ' t_han
about 500 At odnEdei o RATRRNRRA D Wi [l RGBSk BEERY RbuisB”
VI i nmpr oMewsoidivadyee pasitie; digpdarenieoi pipetttdpyrresaplying, the ddngitg oDasid/lubriesms
hi gh nol ecul ar V\E’i %ﬁtﬁgol %(al Ehﬁ?o%et' ... and m xtures thereof 50. The
met hod of CPIPANTR R PBF HeYET §t POt et 6YMPRISEY ammabl e | ogi ¢
controller is used to nmeasure a volune of said | ubricant conponent
ejected fromsaid | ow voi d volume positive displacenment pipette. 51.
The net hod- of Teansthashol dgierdi wherginsaidoapinuesr ob prograsypahiedesicecontgiler is
controll LS. f . I [ .
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di spl acenewtvopl ydume posjtivadisplpleyiengpipéie hyetieiding saifl rsab ty kaib vbluartof

R e R e R

controller is further used to neasure a cal cul ated density of said

| ubri cant_conponent ejected fromsaid | ow void volune positive _
di spl acernt ﬁhﬁé’@@hﬂiﬂf &g 5 whest Widweswpulsy os piograpghahielogic eatreller is
| ubri cant (=Y Al ' | L .
e S T S R
conput er wid peloge aosrabd displagiencppettcodyt dviding shidractat masdd daal vobaseio

an act ual nsi.ty of said lLubrjicant . onent, ejected fromsaid | ow
safclleluﬁnca%t component ejecfed from salg ?orrwpv& volun{e pom%ve d{sp{;?cement p}pette.



-37- 54. The nethod of claim53, wherein said conputer or
programmuabl e | ogic controller is further used to verify the identity
of said |ubricant conponent ejected fromsaid | ow void vol une
positive displacenent pipette by conparing said actual density and
said calculated density of said lubricant conponent, and determ ning
that the difference is within a specif?®éd offset. 55. The method of
claim48 wherein said | ow void volune positive displacenent pipette
has a tapered tip with a void volume of |ess than 30% of the total

vol une ofsgsai dl"He@H&ﬁ@cﬁottdem 539 Grherb s RE MGt or Blodldmitshl ?fceéoﬂtr§ﬁérqs

met hod is used in high roughput experinmentati on type applications
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.

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

experimentation type applications.





