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HIGH THROUGHPUT SCREENING METHODS FOR LUBRICATING OIL
COMPOSITIONS BACKGROUND OF THE INVENTION 5 1. Technical
Field The present invention relates generally to high throughput screening
of lubricating oil compositions for lubricant performance. 2. Description of
the Related Art The use of a combinatorial approach for materials
synthesis is a relatively new 10 area of research aimed at using rapid
synthesis and screening methods to build libraries of polymeric, inorganic
or solid state matEFAITHROEEAPPIE SEREICRSGMERROD$echnology
have empowered Fh8iSRRRa 0 ENGinSE S0 il poodiice large
libraries of discrete organic molecules in the pursuit of new drug
discover hich_have led to the development of a growing branch of
dseafeirealieccombinatonaretremistry. 15 Combinatorial chemistry
lgdivehalfyprEfeld to methods and materials for creating collections of
diverse, MateEials QL eRMRAHAC S PIMB K AR RSl R AR 328 cating

techniques and instruments for evaluating or screening libraries for
ofleshaligRrRnBries R seAtimigsearch in the lubricant industry involves
individually forming candidate lubricating oil compositions and then
2pértecangnaMRCReisaai@ analysis of the 20 candidate compositions by
employing a large amount of the candidate to be tested. Additionally, the
methdds esaployadhfoniosin gmacicdndidate dosypisiion tegliteely new
manual operation. This, in turn, significantly reduces the number of '
apsrpprestersaingd earribe raytbeyathesicendifiogeasnioadthodiuterivatingboiries of
compositions. Drawbacks associated with conventional screening
ps}ﬁgmr@gr@aﬁ%@ Splad sipde materials, For example, advances in reactor

technology have empowered chemists and engineers to rapidly produce large libraries of
discrete organic molecules in the pursuit of new drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating
collections of diverse materials or compounds--commonly known as libraries--and to
techniques and instruments for evaluating or screening libraries for desirable properties.

Presently, research in the lubricant industry involves individually forming
candidate lubricating oil compositions and then performing a macro-scale analysis of the
candidate compositions by employing a large amount of the candidate to be tested.
Additionally, the methods employed for testing each candidate compositiori require
manual operation. This, in turn, significantly reduces the number of compositions that
can be tested and identified as leading lubricating oil compositions.

Drawbacks associated with conventional screening procedures can be seen as

follows. For example, governmental and automotive industry pressure towards reducing



15

20

25 follows. For example, governmental and automotive industry pressure
towards reducing 1 the phosphorous and sulfur content of lubricating oil
compositions used as, for example, passenger car and heavy duty diesel
engine oils, is leading to new research to identify oil compositions which
can satisfy certain tests such as, for example, oxidation, wear and
compatibility tests, while containing low levels of phosphorous and sulfur.
In this 5 context, United States Military Standards MIL-L-46152E and the
tHheAGESitanckazds sdefined oyt hulapaneseipnshidnitachbiatdsd utoBakilde,
Industry Association at present require the phosphorous content of
Enengeoils tmdbeat pdisg|diss €. 20wt Wilwithlfutime tphosphbowodstcadtenty oil
being proposed to even lower levels, e.g., 0.08 wt.% by June, 2004 and
EAF0OB Whith bynRarsfarserRO0 &R sehaspfesermmierexidaiotntustand
standard 10 requirement for sulfur content in engine oils, but it has been
Hrpriatnratmeinrrniebireienduelon B@W%%’ﬁﬁ mdarlfundnibe7

r‘ﬂuiremetntci for emissions. Thus, it would be desirable to decrease the

L BRSOV ST R ST ES Bef e Mo S RGrety
ing f ind d d d sulf
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SHRFARRRE A dHRrICALNG i cAmPRSITaNg, JoLRl bR testes 40 JRIetDinge, 2004

which compositions may be useful. Additionally, similar changes in

shesifisaiansand shanaing, cusiomeideesleAlRorVe refarmuatiomdard
efforts in other lubricant applications such as, for example, 20

tEqiiserissi dor Buls coyaia i edlidse geaiatiasnrenereyindeh silte sulfur
compressor oils, refrigeration lubricants and the like.

content be below 0.3 wt.% to meet June, 2007 requirements for emissions. Thus, it
would be desirable to decrease the amount of phosphorous and sulfur in lubricating oils
still further, thereby meeting future industry standard proposed phosphorous and sulfur
contents in the engine oil while still retaming the oxidation or corrosion inhibiting
properties and antiwear properties of the higher phosphorous and sulfur content engine
oils. In order to accomplish this, a large number of proposed lubricating oil compositions
must be tested to determine which compositions may be useful.

Additionally, similar changes in specifications and changing customer needs also
drive reformulation efforts in other hubricant applications such as, for example,
transmission fluids, hydraulic fluids, gear oils, marine cylinder oils, compressor oils,
refrigeration lubricants and the like.

However, as stated above, present research in the lubricant industry does not

allow for reformulation to occur in an expeditious manner. As such, there exists a need
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However, as stated above, present research in the lubricant industry does
not allow for reformulation to occur in an expeditious manner. As such,
there exists a need 2 in the art for a more efficient, economical and
systematic approach for the preparation of lubricating oil compositions
and screening of such compositions for information correlating to the
actual useful properties of the compositions. For example, it would be
desirable to evaluate multiple lubricating oil 5 compositions for
HigReIanCY nRISREIRANS RaAALeChix WRICAING A COMRISIICRS M ation of
keep engines clean by dispersing sludge, soot and varnish-forming
ldepesiigisitbenaibsiBhadamicrr-farmg BT aninierakrRMbUSiReNGINe
when, for example, combustion products such as, for example, water,
ethdtpartictes progduseflhy@reine sfear cangosiasiaus partially oxidized
hydrocarbon molecules, enter the lubricating oil by blowing 10 past the
pistonfitngsamible, stdyddidadbighblevis coals ato mpligidnbribatin gratiibits
proper flow of the lubricating oil, thereby impairing its effectiveness. The
GorEpRs A op dispartiany- alleriemadth greaddrtti alvleinghins lodt covroaitions to
extended period of time by, for example, extended highway driving, to
kepR soRRESPIE AN BYed SRS st tRet srstiyamirluese e tie isithaaik
Ilgws the_filter to work r%lore ffectively to remo%abrasive 15

e TR CTTARCAP B I PR ATMEY o S57Sith SEro
B S e B e e

Hence, the importanc identifying e

@%ﬁ&vsaﬁgz%m%atﬁg%@c%& %}ﬁ%ﬁﬁzﬁéﬁﬁ%ﬁéﬁg&%&%’go Paflicles

1
small by preventing agglomeration. &r consideration 15 how the

PRIIGIS AL .i@ﬁ@%még@@éy@Qgﬁaiifi&&t«%@gtco&%&hﬁgR@ﬁ%ﬂ?&?&%?oper
additive may affect the performance of another. Accordingly,
flow of the lubricating oil, thereby impairing its effectiveness. The problem can be
partially alleviated by running an engine hot over an extended period of time by, for
example, extended highway driving, to evaporate the water component of the sludge and
loosen up the oil. This allows the filter to work more effectively to remove abrasive
particulates which contribute to engine wear. However, with stop-and-go traffic or short
trips in city driving, sludge has a tendency to build up. Hence, the importance of
identifying and selecting the most effective additives to prevent such a build up.
Dispersants also keep soot particles small by preventing agglomeration.

Another consideration is how the various additives in the lubricating oil interact.
The presence of one additive may affect the performance of another. Accordingly,
testing for any particular performance property is complicated by the fact that an additive

cannot be tested in isolation. Rather, many different lubricating oil formulations with

various additives and percentage compositions must be tested.
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testing for any particular performance property is complicated by the fact
that an additive cannot be tested in isolation. Rather, many different
lubricating oil formulations with various additives and percentage
compositions must be tested. 3 Accordingly, it would be desirable to
rapidly prepare and test for dispersancy a plurality of sample candidate
lubricating oil compositions automatically, preferably utilizing small
amounts of each sample. 5 SUMMARY OF THE INVENTION A high
throughguskdisggeningome thogkintisleterntingptdpicaniinesfasmaaeesiicy a
provided herein. In accordance with one embodiment of the present
phuehitjost, sanhpdhc dhdslaghipbticaetiy edl femgereenimgitdbnizatitly, eileferably
composition samples for dispersancy performance, under program

Wik sisbraviesdscureastisangpiBe steps of (a) providing a 10 plurality of
different lubricating oil composition samples, each sample comprising (i) a
major amount of at least one base oil of lubricating viscosity, (i) a minor
ing oil additive and (iii) a predetermined
bfe~ material; (b) measuring the dlspersancy

perform%etof ch a%gle to pr w(? é{g ondln 21‘% {éa(%cje i

performa Ater rBSUItS: andr Utput ng

‘ﬁ I&é)me‘r’e‘iﬂb‘iﬂ"Q@&Eﬁfc%iﬁ{%ﬁg%wé’cﬁ%% 0 § é%%r{t‘?&{"%(%

cant performance, under program control, 1S prov comprisin

@Bl YRR SR LS RIRTIS R RENISCRRIL B SAMARINIR MR Ok ancy

lubricating oil composition sample comprising (i) a major amount of at
peashane HaseRbRLIR GAlIRY WSFesIld (DBRINe RO posnphbas
one lubricating oil additive and (iii) a predetermined amount of a base
plurality of different lubricating oil composition samples, each sample comprising (i) a

major amount of at least one base oil of lubricating viscosity, (i) a minor amount of at
least one lubricating oil additive and (iii) a predetermined amount of a base oil-insoluble
material; (b) measuring the dispersancy performance of each sample to provide
corresponding dispersancy performance data results; and, (¢) outputting the results of step
{b).

In a second embodiment of the present invention, a system for screening lubricant
performance, under program control, is provided comprising (a) a plurality of test
receptacles, each receptacle containing a different lubricating oil composition sample
comprising (i) a major amount of at least one base oil of lubricating viscosity, (i) a minor
amount of at least one lubricating oil additive and (ii1) a predetermined amount of a base
oil-insoluble material; (b) receptacle moving means for individualty positioning the test
receptacles in a testing station for measurement of dispersancy performance of the

respective sample; and (c) means for measuring the dispersancy performance of the
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oil-insoluble material; (b) receptacle moving means for individually
positioning the test receptacles in a testing station for measurement of
dispersancy performance of the respective sample; and (c) means for
measuring the dispersancy performance of the 4 sample in the testing
station to obtain dispersancy performance data associated with the
sample and for transferring the dispersancy performance data to a
computer controller. The methods and systems of the present invention
sathpiinta edesippamntivetsoredisjrgofcmperjodifferentato nmgesitianwith the
samples in an efficient manner to determine 5 optimal dispersancy

sehmta enshiof sgeilemensdheplss s BRIEPIOBSBRIPTIG i @FoTiEer controller.
DRAWINGS Various embodiments are described below with reference to
the draifirghodiendsystents el teigressutinrsatienrdyransetuslxpemt fbe
preparing.a plurality of different . lubricating oil compositions; and, FIG. 2 is
SRR S HCP 67 RIS S &9 e BPHE VMt 0 determine
Dﬁn'll'zﬁ\lclﬁsElng%ECSC IPTtION.OFfTHE PREFERRED EMBODIMENT(S) 15
PR SRR SERASE S R0 3R hod for the high throughput
screening of a plurality of different lubricating oil compositions containing
lubricating oil compositions for lubricant performance properties, e.g.,

BhepeiseReR ReriefNARCAE ik LURIESSION "high throughput” as used
herein shall be understood to mean that a relatively large number of

differeniriybricatiogiednompasibansi cabResaPidhBrepa) et AR 20
analyzed. In a first step of one embodiment of the screening method of the
wit@sént invention, at least one lubricating oil composition is introduced in
a plurality of

FIG. 1 is a schematic diagram of a system for preparing a plurality of different

lubricating oil compositions; and,

FIG. 2 1s a schematic illustration of a dispensing system of the invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S)

The present invention is directed to a method for the high throughput screening of
a plurality of different lubricating oil compositions containing lubricating oil
compositions for lubricant performance properties, e.g., dispersancy performance. The
expression “high throughput™ as used herein shall be understood to mean that a relatively
large number of different lubricating oil compositions can be rapidly prepared and
analyzed. In a first step of one embodiment of the screening method of the present
invention, at least one lubricating oil composition is introduced in a plurality of
respective test receptacles so that each receptacle contains a different Iubricating oil

composition having a different composition depending upon the percentage amounts
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respective test receptacles so that each receptacle contains a different
lubricating oil composition having a different composition depending upon
the percentage amounts 5 and/or types of the at least one base oil and/or
at least one additive combined in each receptacle. Data regarding the
composition of each sample are stored in a data library. Adding the
information related to the dispersancy data of each of the stored
compositions 5 substantially facilitates the selection of candidate

aaliop ogitioostoapalbist ohs bacesifaly caitridng au ihdispershiney tesish
under the desired operating conditions or statutory requirements.
wegordingly, storing this information in the combinatorial library not only
allows for a rapid selection of multiple lubricating oil compositions in
respors¥atEs e Wingda irerRstE T phegibaampde, A tarse Hetdrrekdbampther
piece of information in addition 10 to, for example, storage stability,

oM%Y SR eslrietivitey, tasteRm Axans s enes e sitend epmpositions
compatibility, etc., of the cataloged c ositions., This infoymatjon may
%%%%HS?‘AV%FI e a%efﬁa%%%gw?h@%&wa%aaﬁWéJsﬂ St el
gé)nst.nThO%t (ﬁ{é) %durr% ig at(gélgntad%eﬂa%sdg acgom lished qu(%er ro Eatrlpt
Controt and automa |3aﬁy controlle by,S or g)?af%b‘fé,cgnmlcl%lpro&ce%sc?f%r
A T AR O B 0 ot oy

RIoviding. theiplwrlibe PbRHERINGRILEAMRABIANS R BHIAMRSIRPE new

controlled by a microprocessor or other computer ‘control device. The

Herieatings G8rGOMmRAStieNafalsy SR IMhibe: higheHHRIIBPIESCHREEING addition
method of this invention include at least one base oil of lubricating
tisfosityrapie atolegstabdiR0 dulikidatinghill poeitiverbiting rédhbsth@mation
lubricating oil compositions for use in the high

data, elastomer compatibility, etc., of the cataloged compositions. This information may
also allow for calculating necessary changes of the additives at the least cost. The
procedure is advantageously accomplished under program control and automatically
controlled by, for example, a microprocessor or other computer control device. The
expression “program control” as used herein shall be understood to mean the equipment
used herein in providing the plurality of lubricating oil compositions is automated and
controlled by a microprocessor or other computer control device.

The lubricating oil compositions for use in the high throughput screening method
of this invention include at least one base oil of tubricating viscosity and at least one
lubricating oil additive. Generally, the lubricating oil compositions for use in the high
throughput screening method of this invention include a minor amount of at least one

lubricating oil additive together with a major amount of at least one base oil of

lubricating viscosity, e.g., an amount of greater than 50 wt. %, preferably greater than



throughput screening method of this invention include a minor amount of
at least one lubricating oil additive together with a major amount of at
least one base oil of lubricating viscosity, e.g., an amount of greater than
50 wt. %, preferably greater than 6 about 70 wt. %, more preferably from
about 80 to about 99.5 M. % and most preferably from about 85 to about
98 wt. %, based on the total weight of the composition. The expression
"base oil" as used herein shall be understood to mean a base stock or
aBIeTH) oft hES erste pheramiBhfism dubsicinjocopaIentthal iadsadusadabyb B
single 5 manufacturer to the same specifications (independent of feed
freouriosi08 anbfachiret s ddeatid ) thrab neetitheSamemasifacturer's
specification; and that is identified by a unique formula, product
identifleatikmestimbdaseobdss. Ubkd szt Hitlidreunsltigivii ©anedieadnge stock
presently known or later-discovered base oil of lubricating viscosity used
o Rlqed LAY IEHSr e Rishd S L ebms e ImRSIRIH AhaF Mitodnesgdy a single
applications, e.g., engine 10 oils, marine cylinder ojls, natural gas engine
TS s RORSICEIINE IR ERGH BHFS, TEER PaRg P fackdrer s
engine gils, truck,oils and functional fluids.such as hydraulic oils r
eSS 5 AL B ROy e T P R

; L cte ' Or use™ herein'can
ugﬁg%%zr'{ﬁgggfg@g';ﬁ%&mﬂgﬁﬁémgée%?@mﬁ; IryBBUIE%or use herein can

efinic copolymers, e.g., an ethylene-propylene

b%%l%@%@ﬁtﬂf ot SMERDEIRUIREIENELOBR MRS BN NG IKE ANed in

res thereof. As one skilled in the art would readily appreciate, the

foASE0RIR Aftihe PRseinibis SERENIBREAPAN e aBPHEplioRoNs OsdiBihe

the viscosity of a base oil for use herein will ordinarily range from about 2

oi3, a0t 2000deepiistakesa(¢S8)eabih0 Vi entigsad 6 )wdagoR allyine oils,

individually the base oils used as engine oils will have a kinematic
trefsaosily heavy duty diesel engine oils, truck oils and functional fluids such as
hydraulic oils, gear oils, transmission fluids, etc. Additionally, the base oils for use
herein can optionally contain viscosity index improvers, e.g., polymeric
alkylmethacrylates; olefinic copolymers, e.g., an ethylene-propylene copolymer or a
styrene-butadiene copolymer; and the like and mxtures thereof.

As one skilled in the art would readily appreciate, the viscosity of the base oil 13
dependent upon the application. Accordingly, the viscosity of a base oil for use herein
will ordinarily range from about 2 to about 2000 centistokes (cSt) at 100° Centigrade (C).
Generally, individually the base oils used as engine oils will have a kinematic viscosity
range at 100°C of about 2 ¢St to about 30 cSt, preferably about 3 ¢St to about 16 ¢5t, and
most preferably about 4 ¢St to about 12 ¢St and will be selected or blended depending on

the desired end use and the additives in the finished oil to give the desired grade of

engine oil, e.g., a lubricating oil composition having an SAE Viscosity Grade of OW,
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20 range at 100C of about 2 cSt to about 30 cSt, preferably about 3 cSt to
about 16 cSt, and most preferably about 4 ¢St to about 12 ¢St and will be
selected or blended depending on the desired end use and the additives
in the finished oil to give the desired grade of engine oil, e.g., a lubricating
oil composition having an SAE Viscosity Grade of OW, 7 OW-20, OW-30,
OW-40, OW-50, OW-60, 5W, 5W-20, 5W-30, 5W-40, 5W-50, 5W-60,
10w, I0W-20, IOW-30, 10W-40, IOW-50, 15W, 15W-20,15W-30 or

IEWed0nQits 0vwemd avesel GNSERS WAy VIBCesiles ARUINgHRaY abRUE?
cSt to about 2000 cSt at 100C. 5 Base stocks may be manufactured

Usingl aweitetyowf-diffecemtqaacessas ingluding. 20ut Hetlimited0.40. Oils

distillation, solvent refining, hydrogen processing, oligomerization,

wsstbrifipztion s amierefiniogitRerefiedfsiockbshal & sultstartiaty keg

from materials introduced through manufacturing, contamination, or

W\ﬁous use. The base oil of the lubricating oil compositions of this

invention may be an){agatural or synthetic lubricating to base oil. Suitable
i

hydroE5GPESHIrRtRe sNevaRiuEd meingre vaoehnmfsifie coilerpresses éat luding,
from the polymerization of ethylene or from the polymerization of 1-olefins
B4t 8?6\‘/?a‘§° iy AU GRS O SE KRB & R AFP 87 P hEey SR S P igsierization,
hydrecarbon synthesis pracedures usin rbon monoxide and hydrogen
R L R SR e e S et
iQikd rLi/z 2 little, if .h av fraction: e.q., litfle,, 15 if any,
Aiagne ek parBEs I, Lanthany Jaone e dS oo
0B SO BRI DUERHIG, Ol YIRS ibrsaling, Ol pLmiutes;,

thereof. Suitable base oil includes base s btained by‘isomerization

takeyiithelicaulak ek HBGK Watke S WS IR Ay HaciRcGked:DAss I%Eoocfig‘s})repared
produced by

from the polymerization of ethylene or from the polymerization of 1-olefins to provide
polymers such as polyalphaolefin or PAO oils, or from hydrocarbon synthesis procedures
using carbon monoxide and hydrogen gases such as in a Fisher-Tropsch process. For
example, a suitable base oil is one that comprises little, if any, heavy fraction; e.g., little,
if any, lube oil fraction of viscosity 20 cSt or hi gher at 100°C.

The base oil may be derived from natural lubricating oils, synthetic lubricating
oils or mixtures thereof. Suitable base oil includes base stocks obtained by isomerization
of synthetic wax and slack wax, as well as hydrocracked base stocks produced by
hydrocracking (rather than solvent extracting) the aromatic and polar components of the
crude. Suitable base oils include those in all AP] categories 1, I1, 111, TV and V as defined
in API Publication 1509, 14th Edition, Addendum I, Dec. 1998. Group IV base oils are
polyalphaolefins (PAQ). Group V base oils include all other base oils not included in

Group I, IL, I, or IV, Although Group I1, II] and IV base oils are preferred for use in
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hydrocracking (rather than solvent extracting) the aromatic and polar
components of the 20 crude. Suitable base oils include those in all API
categories 1, Il, lll, IV and V as defined in API Publication 1509, 14th
Edition, Addendum I, Dec. 1998. Group IV base oils are polyalphaolefins
(PAO). Group V base oils include all other base oils not included in Group
[, I, 11, or IV. Although. Group Il, Il and 1V base oils are preferred for use
in 8 this invention, these preferred base oils may be prepared by

thenbienigro e pieaLcdb iR hat be Wep¥ralsh \hasaistosks QRAsS r
oils. Useful natural oils include mineral lubricating oils such as, for
escampl8, iguil qdthdlewensioiss sobmabikeated or acid-treated mineral
lubricating oils of the paraffinic, 5 naphthenic or mixed
parafftaseibistithd vidstinsbsleaitndetiiduitnoimg colalsorisha ey animdle Oilguid
vegetable oils (e.g., rapeseed oils, castor oils and lard oil), and the like.
RYSRIB R afit fabHeasA g ot drittaiad mivetatduboediinited tof Hydpordfinan
and halo-substituted hydrocarbon oils such as polymerized and

’%lfﬁ%wrﬂ&%ﬁ* BRERiwicgphpsRiB GYprsnells feysfoiyienesl or shale, animal
S PSRl Fo U] M hiana

ot B8 o e RV d e upen it
e e e e RO R e .

ele ﬁ&%ﬁkﬁeﬂ@ﬂ%ﬁﬂ%@&m&@lﬁ%ﬁﬁﬁ%%&%ﬁe}?, @éﬂgyﬁg{ggful

synthetic lubricating oils include, but are not limited to, dils ma

poblynndleaiscpolefinseetiess tbBNI D ERIRONAIBMSISHGR SSBHWENS: and

propylene, butylenes, isobutene, pentene, and mixtures thereof. Methods
ngk prep drengp S ubhy ivehyreres silsharedodecylbenzenes, tetradecylbenzenes,
dinonylbenzenes, di(2-ethylhexyl)-benzenes, and the like; polyphenyls such as biphenyls,
terphenyls, alkylated polyphenyls, and the like; alkylated diphenyl ethers and alkylated
diphenyl sulfides and the derivative, analogs and homologs thereof and the like.

Other useful synthetic lubricating oils include, but are not limited to, oils made by
poiymeﬁzing olefins of less than § carbon atoms such as ethylene, propylene, butylenes,
isobutene, pentene, and mixtures thereof. Methods of preparing such polymer oils are
well known to those skilled in the art.

Additional useful synthetic hydrocarbon oils include liquid polymers of alpha
olefins having the proper viscosity. Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of Cg to Cy, alpha olefins such as, for example, 1-decene

trimer.

Another class of useful synthetic lubricating oils include, but are not limited to,
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well known to those skilled in the art. Additional useful synthetic
hydrocarbon oils include liquid polymers of alpha 20 olefins having the
proper viscosity, Especially useful synthetic hydrocarbon oils are the
hydrogenated liquid oligomers of C6 to C12 alpha olefins such as, for
example, 1-decene trimer. Another class of useful synthetic lubricating
oils include, but are not limited to, 9 alkylene oxide polymers, i.e.,
homopolymers, interpolymers, and derivatives thereof where the terminal

hystenybgitaupshare hecromestifiedehy ifersuample e @ificatienBseos

etherification. These oils are exemplified by the oils prepared through
phlymibe taticnabhyeibyié pecopidear prapytetifedtidefothe atiork aptenhenidn or
ethers of these polyoxyalkylene 5 polymers (e.g., methyl poly propylene
eflyeroficatiar. nBvisgodn awersgpiifiettby e wikightpotd DO0Hipblsnydrethimn of
of polyethylene glycol having a molecular weight of 500-1000, diethyl
ithasstpals sTopp et e Rede HaoirlA spd i eibeigf BeisaotyeseBylene

etc.) or mono- and polycarboxylic esters thereof such as, for example, the

RlstRe s dfls MTHRELPEBIEOR YR Slorpbaherdaing ancasaer deneartaaict
tet [. 10 Yet th | f ful thetic lubricati
O b s R T S B DRt G ML B, SR 200000,
hthali id ini id,,alkyl ini id lkenyl ini id
B R S A e S B SR S o T B o

9@90»'%3@ ﬁmoqwgres%l%lx%&céggh Qg r%@%rﬂi% qg%derc’fe?i{;l]( §#%g,xnﬁixed

malonic acids, etc.; with a variety of alcohols, e.g., butyl alco

elcopoldadacualcahal. 5 86thyihaxyvalaabel.aihyieng.glcol,
diethylene glycol monoether, propylene glycol, etc. “Specific examples of
these asiessotietutie Chputyhadipate:diiznethyiaxy)selasaber et limited
to, the esters of dicarboxylic acids e.g., phthalic acid, succinic acid, alkyl succinic acids,
alkenyl succinic acids, maleic acid, azelaic acid, suberic acid, sebacic acid, fumaric acid,
adipic acid, linoleic acid dimer, malonic acids, alkyl malonic acids, alkenyl malonic
acids, etc., with a variety of alcohols, e.g., butyl alcohol, hexyl alcohol, dodecy! alcohol,
2-sthylhexyl alcohol, ethylene glycol, diethylene glycol monoether, propylene glycol, etc.
Specific examples of these esters include dibutyl adipate, di(2-ethylhexyl)sebacate, di-n-
hexyl fumarate, dioctyl scbacate, diisooctyl azelate, diisodecyl azelate, dioctyl phthalate,
didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl diester of linoleic acid dimer, the
complex ester formed by reacting one mole of sebacic acid with two moles of
tetraethylene glycol and two moles of 2-ethylhexanoic acid and the like.

Esters useful as synthetic oils also include, but are not limited to, those made from

carboxylic acids having from about 5 to about 12 carbon atoms with alcohols, e.g.,

methanol, ethanol, etc., polyols and polyol ethers such as neopentyl glycol, trimethylol

10
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hexyl fumarate, dioctyl sebacate, diisooctyl azelate, diisodecyl azelate,
dioctyl phthalate, didecyl phthalate, dieicosyl sebacate, the 2-ethylhexyl
diester of linoleic acid dimer, the complex ester formed by reacting one
mole of sebacic acid with two moles of 20 tetraethylene glycol and two
moles of 2-ethylhexanoic acid and the like. Esters useful as synthetic oils
also include, but are not limited to, those made from carboxylic acids
having from about 5 to about 12 carbon atoms with alcohols, e.g.,
prpthanptpethanelogtdip@odypihard polyaletheadusiiaseiaepentyl
glycol, trimethylol 10 propane, pentaerythritol, dipentaerythritol,
tripentsibirpthtitetdanld shehlikefoSieonibasdbild-spelyars! -foobedimpe pr
polyalkyl-, polyaryl-, polyalkoxy- or polyaryloxy-siloxane oils and silicate
nelxarymprdexanps ehis eud stigaitaats ofosyprise seotlurisafin glaskso Syaditiic
examples of these include, but are not limited to, tetraethyl 5 silicate,

Iibrse iy Pefrb e atRlep bt Belrrsi R rre st ArutsH danfatracthyl
- Nsili , -(p-tert-butyl )sili -
G P EDICD AN TR SR e -
I I Dsil like. Still h ful ti
R R e R b e A e

pg? Qﬁﬁﬁ)ﬁﬁ%eﬁ;%m%%w&ﬂet RhaEnHogM tﬁbﬂﬁahgutg %@%ﬁfgt&m

ecane 10 phosphionic aci ., polymeric tetrahydro the

SHenclibeumrieating ofhamms, be-derivsdireraunrafinedreing dididnorous

rerefined oils, either natural, synthetic or mixtures of two or more of any of

dhesmial thedtype disclesagrbgirina bayeyidnaiingd, ailsanethose decane

obtained directly from a natural or synthetic source (e.g., coal, shale, or
fhsspainaschitiinean) pothasitdustherypreffieal aadmhirdRtment. 15 Examples

of unrefined oils include, but are not limited to, a shale oil obtained directly
The lubricating oil may be derived from unrefined, refined and rerefined oils,
either natural, synthetic or mixtures of two or more of any of these of the type disclosed

hereinabove. Unrefined oils are those obtained directly from a natural or synthetic source

(e.g., coal, shale, or tar sands bitumen) without further purification or treatrnent.

Examples of unrefined oils include, but are not limited to, a shale oil obtained directly

from retorting operations, a petroleum oil obtained directly from distillation or an ester
oil obtained directly from an esterification process, each of which is then used without
further treatment. Refined oils are similar to the unrefined oils except they have been
further treated in one or more purification steps to improve one or more properties.
These purification techniques are known to those of skill in the art and include, for
example, solvent extractions, secondary distillation, acid or base extraction, filtration,
percolation, hydrotreating, dewaxing, etc. Rerefined oils are obtained by treating used

oils in processes similar to those used to obtain refined oils. Such rerefined oils are aiso
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from retorting operations, a petroleum oil obtained directly from distillation
or an ester oil obtained directly from an esterification process, each of
which is then used without further treatment. Refined oils are similarto
the unrefined oils except they have been further treated in one or more
purification steps to improve one or more properties. 20 These purification
techniques are known to those of skill in the art and include, for example,
solvent extractions, secondary distillation, acid or base extraction,

Hiltiahiap repRieRBEpRphEiRifeatingddawaxiagdeitoRteelinrded yare
obtained by treating used oils in processes similar to those used to obtain
teefimgdesitireSirdha enfingddDifsaraddiseeddnkndvinec slsiveclgimedtar
reprocessed oils and often are additionally processed by techniques
directéacampvillefsperitsaidivve i endheihpiedkeivovizgsiodotisx may also
Lubricating oil base stocks derived from the hydroisomerization of wax

b asedd s hse Alearioninroriigagos i Binbirksiod wathrthendferswaieptic base
natural and/or synthetic base 5 stocks. Such wax isomerate oil is

et by &SP Bie RRASR O N RRIABH sepevatic habaadugs! or
iﬁur_es thereof over a dr%;jgmer'z ion catalyst. Natural waxes are

St% AR TS R RSEEL FRROVEIE P BY TR SBISR AR REGARNE of mineral

oils; s het!'c waxes are.typically the wax produced %Iﬂ )
) ed td
oo A B el MRSV B R sl dowaning of

HRRAPSIHONS,ARIGIN I AL IRASH ARG, WP Uv%@;t&s}glcﬂiééﬁt?ﬂx@ FIfPHZRING

oil additives’for use herein can be any presently known or
jdatgssgliscovered additive used in formulating lubricating oil compositions.
Suitable lubricating oil additives for use herein include, but are not limited

to, antiipxighabia, cRntweRr AgeIisheetargentscayshiaseiadidaiergentsne
rust inhibitors,

lubricating oil additive. The lubricating oil additives for use herein can be any presently
known or later-discovered additive used in formulating lubricating oil compositions.
Suitable lubricating oil additives for use herein include, but are not limited fo,
antioxidants, anti-wear agents, detergents such as metal detergents, rust inhibitors,
dehazing agents, demulsifying agents, metal deactivating agents, friction modifiers, pour
point depressants, antifoaming agents, co-solvents, package compatibilisers, corrosion-
inhibitors, ashless dispersants, dyes, extreme pressure agents and the like and mixtures
thereof. (Greases will require the addition of appropriate thickeners. A variety of the
additives are known and commercially available. These additives, or their analogous
compounds, can be employed for the preparation of the various lubricating oil
compositions herein. Preferably, the at least one lubricating oil additive is a dispersant.

If desired, the lubricating oil additive(s) can further contain a diluent oil to form

an additive concentrate. These concentrates usually include at least from about 98 wt. %

12
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15 dehazing agents, demulsifying agents, metal deactivating agents,

friction modifiers, pour point depressants, antifoaming agents,

co-solvents, package compatibilisers, corrosion- inhibitors, ashless
dispersants, dyes, extreme pressure agents and the like and mixtures
thereof. Greases will require the addition of appropriate thickeners. A
variety of the additives are known and commercially available. These
additives, or their analogous 20 compounds, can be employed for the _
@reRatation: oftharareysHuRarieatingsql:. eomnesitionshersinhaRisieRbitably
the at least one lubricating oil additive is a dispersant. If desired, the
frdoxigbding Dikaddiliva{S) Ganurther caniain ¢l dldariraikBeuior Rtam, o about
additive concentrate. These concentrates usually include at least from
Hbout’aSwiefh]§ Fomabout 21 Qtwh &b abrefetably fsand abatp@Bemibl §/fitan

“about 25 wt. % and most preferably from about 97 wt. % to about 50 wt.

oot il detn dibanilfrontabbthedomgoingnddicue(90 witddegibfersdiy the
from about 2 wt. % to about 75 wt. % and most preferably from about 3
WEcoptatasaiude anl, wrroiitnantoredeirilyaadmih el b gias e wisiEntsdoes,
the 5 concentrates includeﬂ%;g inert diluent, preferably an oil of lubricatin

OResmm e dchrssoilat dsorfsEheipaaloni s hu<hAseCRETaIR BRI TE Sadily

that c{r\]ﬁ: q&gzentr.ate be readily . mixed with lubricating i repare

[ i d Is t
T A e ey e P A

diluents can be ojl,of lubric tin% viscosity. Examples of antioxidants
b art ;}f)
?ﬁglﬁége?%gt are %I(]) Slffrgﬁgn Stg, .a%rﬁinl ﬁ}p‘éf?, eFéc.%(tﬂ?Jff)%oeSH%amine,

Phenyi-alahachapiixbaing ;e i her bl aniaos and glivialg

phenylene-diamines; phenolics such as, for example, BHT, stéfically

&B]Qﬁ_ff%ﬂ'é}’b}ﬁhﬁnﬁiﬁj§%Btﬁ‘ﬁ-%§ﬁ@,‘§@ﬁﬁ'—%%t%hﬁ%y]) amines; and alkylated
2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4- (2-octyl-3-propanoic)
raneh suiitinesn e gcnater RSt SarspiEUREE] Qleftas ohiestess alkyl
phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-cresol and 2,6-di-tert-butyl-4-
(2-octyl-3-propanoic) phenol; sulfur-containing materials, e.g., sulfurized olefins or esters
and the like and mixtures thereof,

Examples of antiwear agents include, but are not limited to, zinc .
dialkyldithiophosphates and zinc diaryldithiophosphates, e.g., those described in an
article by Born et al. entitled "Relationship between Chemical Structure and
Effectiveness of Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different
Lubricated Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for
example pages 97-100; aryl phosphates and phosphites, sulfur-containing esters,
phosphosulfur compounds, metal or ash-free dithiocarbamates, xanthates, alkyl sulfides

and the like and mixtures thereof.

Examples of detergents include, but are not imited to, overbased or neutral
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and the like and mixtures thereof. 15 Examples of antiwear agents
include, but are not limited to, zinc dialkyldithiophosphates and zinc
diaryldithiophosphates, e.g., those described in an article by Born et al.
entitled "Relationship between Chemical Structure and Effectiveness of
Some Metallic Dialkyl- and Diaryl-dithiophosphates in Different Lubricated
Mechanisms", appearing in Lubrication Science 4-2 January 1992, see for
20 example pages 97-100; aryl phosphates and phosphites,

sullereniainng aRIAIS: EnsRrosuliu, compaunds, metal ot ash-free,

dithiocarbamates, xanthates, a yl%%'l’fl €s an e

dmreof kuaRR QAR RANIR AP AL AL PR (0, PBIDeed

or neutral 13 detergents such as sulfonate detergents, e.g.,

itamaiyhbenzeneangiemiptosuiHiesasit A &%?egjkgpj@g(&ﬁa@é%% oa

low overbased), high overbased phenate stearates, phenolates,

balldylatebnphosphionadés]tvapRaspbOnaessiTpa SRS, 1B8] base
like and mixtures thereof. Low overbased metal sulfonates typically have a

182 A58 K} i iber ioBN) tofalrown BbowtPetfaraigut 30 andpreferali 25.

from about 10 to about 25. Low overbased metal sulfonates and neutral
TRata) etrershresich e lipantRhawmantiienatal Eitenapte srofweiblinhibitarge art
include, but are not limited to, nonionic polyoxyalkylene agents, e.g.,

polyo ehefmhniors setlusiey bihyie metHighierd wioohobsther,
SR e
AT R
ﬂé‘lﬁt}f@@-{gﬁeg@@{m )s‘ééé?ﬁ‘élﬂér, Qo?}%&;?&ﬁ?l%ﬁgag}gy?gtgen polyoxyéthyiene
sorbito] monostearate, polyoxyethylene sorbitol monooleate, and polyethylene glycol
monooleate; stearic acid and other fatty acids; dicarboxylic acids; metal soaps; fatty acid
amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester of polyhydric
alcohol; phosphoric esters; (short-chain) alkenyl succinic acids; partial esters thereof and
nitrogen-containing derivatives thereof; synthetic alkarylsulfonates, e.g., metal
dinonylnaphthalene sulfonates; and the like and mixtures thereof.

Exampies of friction modifiers include, but are not limited to, alkoxylated fatty
gmines; borated fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated
alkoxylated fatty amines, metal salts of fatty acids, fatty acid amides, glycerol esters,
borated glycerol esters; and fatty imidazolines as disclosed in U.S. Patent No, 6,372,696,
the contents of which are incorporated by reference herein; friction modifiers obtained
from a reaction product of a C4 to Cys, preferably a Cg to Ca4, and most preferably a Cg to

Cag, fatty acid ester and a nitrogen-containing compound selected from the group

14



amine salts; metal salts of heavy sulfonic acid; partial carboxylic acid ester
of polyhydric alcohol; phosphoric esters; (short-chain) alkenyl succinic
acids; partial esters thereof and 15 nitrogen-containing derivatives
thereof; synthetic alkarylsulfonates, e.g., metal dinonylnaphthalene
sulfonates; and the like and mixtures thereof. Examples of friction
modifiers include, but are not limited to, alkoxylated fatty amines; borated
fatty epoxides; fatty phosphites, fatty epoxides, fatty amines, borated

catiaseAaieth ity iRasHaRiacsals ffatiyasidssdritydasit AMides, No.
glycerol esters, 20 borated glycerol esters; and fatty imidazolines as
086324, indd. SaraERt 03,618 23:681s dfhwidantentscofpubicll dtareference
incorporated by reference herein; friction modifiers obtained from a
hesaiotiondghediketaotlant4ures@wseqfreferably a C6 to C24, and most
preferably a C6 to C20, fatty acid ester and a nitrogen-containing
comp&einaetedtenitpemingegres pndades huistingoiamiadoniackmoeesof alkyl
alkanolamine, e.g., those disclosed in U.S. Serial No.  10/402,170, filed
TR R ReGE e AL SRy AR And B Gl st AT brseefice
herein, and ]the like and mixtures thereof. Examples, of antifoaming agents
incluc B0 55 TS R PSSR o 51 "8 ML/ e

dimet Pjili one and the like and mixtures thereof. Examples of ashless
e M A R e UG S

aggggﬁaﬁlé’qsaaefem-fa%@&%rﬁfs@mgg&@ Biives gfﬁ@&@ﬁ&yﬁ%’a succinic

dride; a basic nitrogen compound select the group consisting

sAbcRHERIRINIASS X AR imARY RIbides, INAEAGRRYEMRNEAMINES.

hydrocarbyl 10 polyamines, Mannich bases, phosphonamides,

phiephiasphonaRidesad) gHlkpsrhaianidespibipEeiami8:9 and phosphoramides;
2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and

thiazoles, e.g., 2,5-dimercapto-1,3,4-thiadiazoles, mercaptobenzothiazoles and
derivatives thereof; triazoles, e.g., alkyltriazoles and benzotriazoles; copolymers which
contain a carboxylate ester with one or more additional polar function, including amine,
amide, imine, imide, hydroxyl, carboxyl, and the like, e.g., products prepared by
copolymerization of long chain alkyl acrylates or methacrylates with monomers of the
above function; and the like and mixtures thereof,

The polyalkylene succinic anhydride dispersant is preferably a polyisobutenyl
succinic anhydride (PIBSA). The number average molecular weight of the polyalkylene
tail in the polyalkylene succinic anhydrides used herein will be at least 350, preferably
from about to about 750 to about 3000 and most preferably from about 900 to about
1100. Examples of suitable polyalkylene succinic anhydrides for use herein are thermal

PIBSA (polyisobuteny! succinic anhydride) described in U.S. Patent No. 3,361,673;

chlorinated PIBSA described in U.S. Patent No. 3,172,892; a mixture of thermal and
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derivatives thereof; triazoles, e.g., alkyltriazoles and benzotriazoles;
copolymers which contain a carboxylate ester with one or more additional
polar function, including amine, amide, imine, imide, hydroxyl, carboxyl,
and the like, e.g., products prepared by 15 copolymerization of long chain
alkyl acrylates or methacrylates with monomers of the above function;
and the like and mixtures thereof. The polyalkylene succinic anhydride
dispersant is preferably a polyisobutenyl succinic anhydride (PIBSA). The

dHisrRet-a PERADE JnRlacl A WSighiat the. plyahwienantaikitiiGatic PIBSA
polyalkylene succinic anhydrides used herein will be at least 350,

{refdrebly PEireaoutaoiabmst pSQRBIRoM 3R an T mosiiprefesably
from about 900 to about 1100. Examples of suitable polyalkylene succinic
ahh3Qtid endrbrl 182 e rbiphame: theemadb PIBBIBPoldsoistinyUSIqRiftie: Nos.
anhydride) described in U.S. Patent No. 3,361,673; chlorinated PIBSA
%é@gﬁ%%él‘ﬁﬁSUS.Eﬁ,ﬁ&eﬁ‘ﬁe{%ﬁ@@@Séz%eacriﬁwﬂmeiéﬁtﬁ@mmamdﬁ&&?%,
chlorinated PIBSA described in U.S. Patent No. 3,912,764, high succinic
Farle PIB YN e b & 1R ¥4 srada fEn Nish aedwlranlideny Pabsmene described
d ri%ed in U.S. Patent Nos. 5,112,507 and 5,175,225; high succinic
‘F}i?ép

AP BSA Wbk dih’ (785 PitenPNasY: BisBsusoriaas, BiRSéemade

ical PIBS ibed in U.S. Patent Nos. 5,286,799, 5 5,319,030
B B e R Rt B e S plen

ibedyin WeS,Patant Nos, 4,152,499 .5 137,978 and,5.137,980; 1
s e s S b e 9,

Sdesaribegiin 2AENY APPlIcATIRD. Hybligal s :
R i Ly SRR e A e

ABRAdesuinestivh b HPatent dd0-R1 A R2Prand Eansan Baen el
Application Publication No. EP 542 380; and purified PIBSA described in

Nb S, $231éhT and European Patent Application Publication No. EP 602 863, the coritents
of each of these references being incorporated herein by reference.

Non-nitrogen containing derivatives of polyalkylene succinic anhydrides include,
but are not limited to, succinic acids, Group I and/or Group II mono- or di-metal salts of
succinic acids, succinate esters formed by the reaction of a polyalkylene succinic
anhydride, acid chloride, or other derivatives with an alcohol (e.g., HOR' wherein R! is
an alkyl group of from 1 to 10 carbon atoms) and the like and mixtures thereof.

If desired, the foregoing polyalkylene succinic anhydrides and/or non-nitrogen-
containing derivatives thereof can be post-treated with a wide variety of post-treating
reagents. For exanple, the foregoing polyalkylene succinic anhydride and/or derivatives

thereof can be reacted with boron or a eyclic carbonate, e.g., ethylene carbonate, to

provide borate post-treated and ethylene carbonate post-treated products.
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No. 5,523,417 and European Patent Application Publication No. EP 602
863, the contents of each of these references being incorporated herein
by reference. Non-nitrogen containing derivatives of polyalkylene succinic
anhydrides include, but are not limited to, succinic acids, Group | and/or
Group Il mono- or di-metal salts of 15 succinic acids, succinate esters
formed by the reaction of a polyalkylene succinic anhydride, acid chloride,
or other derivatives with an alcohol (e.g., HORI wherein R' is an alkyl

groupTHefeaBi: hito kohGrpiatoms)sanerthedike andamishviesitharecs If

desired, the foregoing polyalkylene succinic anhydrides and/or

menuniiope ax copigivingdavivitdes therBatean tie past-treaied withpaunds
wide variety of post-treating 20 reagents. For example, the foregoing

o hekdRipid frors doe i ip eyl sitte af eltoridioridetiredy tirsicohidas betragdtedcid
with boron or a cyclic carbonate, e.g., ethylene carbonate, to provide
FRFiefe HEEeRRIHoarAnEnfy ddrestion AR pountre Marpio biRes. 16 The
basic nitrogen compound for use herein must contain basic nitrogen as
RRSREARG USy BYaRRpTEh AR e o8B P RaRt s Db BEs 2P h i 19981 itBhen
.compounds, are selected from the group consisting of succinimides,

B R A R ISET AR BRI S CaMION I SPTBRRA e

o &%Q}?J‘wp@ @amings, Mapnich bases, R RNAPAIAMIIES: 1oast one basic
thiophosphoramides: phosphonamides, JiSpersant Viscosity Index

ARBLRN LT SR méﬂufsgem&{&quﬁ(g%é&&%ﬁfaﬁﬁ'ﬁﬁ%ﬁe&%&a with, e.g.,

compounds are described below (keeping in mind the reservation that

RRGH Pbsh RAYe ALIgas! ENRNASICANIHOIEN oW Af th€art so long as the

nitrogen-containing compositions may be post-treated with, e.g., boron or
athylena carbamnate dsinginrpasdpiessyell known in the art so long as the

10 compositions continue to contain basic nitrogen.

The succinimides and polysuccinimides that can be used herein are disclosed in
numerous references and are well known in the art. Certain fundamental types of
succinimides and the related materials encompassed by the term of art "succinimide” are
taught in U.S. Patent Nos. 3,219,666; 3,172,392; and 3,272,746, the contents of which are
incorporated by reference herein. The term "succinimide” is understood in the art to
include many of the amide, inude, and amidine species which may also be formed. The
predominant product, however, is a succinimide and this term has been generally
accepted as meaning the product of a reaction of an alkenyl substituted succinic acid or
anhydride with a nitrogen-containing compound. Preferred succinimides, because of
their commercial availabihty, are those succimmides prepared from a hydrocarbyl
succinic anhydride, wherein the hydrocarbyl group contains from about 24 to about 350

carbon atoms, and an ethylene amine, said ethylene amines being especially characterized

by ethylene diamine, diethylene triamine, tricthylene tetramine, tetracthylene pentamine,
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The succinimides and polysuccinimides that can be used herein are
disclosed in numerous references and are well known in the art. Certain
fundamental types of succinimides and the related materials
encompassed by the term of art "succinimide" are taught in U.S. Patent
Nos. 3,219,666; 3,172,892; and 3,272,746, the contents of which are 15
incorporated by reference herein. The term "succinimide" is understood in
the art to include many of the amide, imide, and amidine species which

@Y O 1H6 JaITREde TGN EHO IR ARLRIO IS AOWEMSEAS BsSHEGiipide
and this term has been generally accepted as meaning the product of a
seaitionded prad Ty HSHCOIRIEAC IR WITEIR WI® Brbon atoms
nitrogen-containing compound. Preferred succinimides, because of 20
andietcothiereizdreaailabilityighee thdse au ecinjmist geprdpasachfremvamixtures
hydrocarbyl succinic anhydride, wherein the hydrocarbyl group contains
qg@myﬁﬁw&@@@mb@mk@s@t tbarbsragtoniscatn wrigthyfehe mixine, isaidut
ethylene amines being especially characterized by ethylene diamine,
Q@réfyi’@ﬁﬁ% triamine; triethylene tetramine, tetraethylene pentamine, 17

and higher molecular weight polyethylene amines. Particularly preferred

are thos® LEEEFIHIGER Brdsareduremimpilyi<en te Ayidisomsre ahnydride
of.70 tq 128 carbon.gatoms, and,tetrgethylene pentamine or higher
T B R AL R RS BPURASERE sifmrogne
t . lar weight of the mjxture is about 5 _
R oA R T, e

1R @ oMpAERLAT RYE BHGRIRIC 296 Alaailiid L‘i%r@@é?'zﬁ‘o&%%?ﬁ%ﬁ‘%?g y‘%ﬂ%

containing at least one tertiary amino nitrogen in addition to ore

SRGVNEARYAMIHO agappu@?m@i@y9&%&}5@19%199&&99%&&9@%&% 210
and 50,000 average molecular weight. A typical
ethylene dipiperazine.

Carboxylic acid amide compounds are also useful nitrogen-containing compounds
for prepating the colloidal suspensions of this invention. Typical of such compounds are
those disclosed in U.S. Patent No.3,405,064, the contents of which are incorporated by
reference herein. These compounds are ordinarily prepared by reacting a carboxylic acid
or anhydride or ester thereof, having at least 12 to about 350 aliphatic carbon atoms in the
principal aliphatic chain and, if desired, having sufficient pendant aliphatic groups to
render the molecule oil soluble with an amine or a hydrocarbyl polyamine, such as an
ethylene amine, to give a mono or polycarboxylic acid amide. Preferred are those amides
prepared from (1) a carboxylic acid of the formula R*COOH, where R? is Cjyapalkyl or a
mixture of this acid with a polyisobutenyl carboxylic acid in which the polyisobutenyl

group contains from about 72 to about 128 carbon atoms and (2) an ethylene amine,

especially triethylene tetramine or tetracthylene pentamine or mixtures thereof,

18



{5

20

10 compound would be that prepared by reacting polyisobutenyl succinic
anhydride and ethylene dipiperazine. Carboxylic acid amide compounds
are also useful nitrogen-containing compounds for preparing the colloidal
suspensions of this invention. Typical of such compounds are those
disclosed in U.S. Patent N0.3,405,064, the contents of which are
incorporated by 15 reference herein. These compounds are ordinarily
prepared by reacting a carboxylic acid or anhydride or ester thereof,

having\ablpasti i s@@sregﬂfﬁf&ﬁa{i@tm%ﬁ?g{@%ﬂ&mm %@J&@gg@a'

aliphatic chain and, if desi aving sufficient pendant aliphatic groups to

rendenths mdleeuecaibsojilieiit anamine sadkydiacady palyamine,

such as an ethylene amine, to give a mono or polycarboxylic acid amide.

Pideiediaredhions afitieh 2@ preppoed:tion:thrancatzelicrasigyatdhsny!
formula R2ZCOOH, where R2 is Cl2-20 alkyl or a mixture of this acid with
FEelyidotutepsiioatip ailid. acidsinidiekitizepolyisebutes il graumaration,
contains from about 72 to about 128 carbon atoms and (2) an ethylene
usHathe coBaiciEm BretrlaehdSterbrinalontend ethifshly femaine28rio about
] éxtures thereof 18 Another class of useful nitrogen-containing
BGER AL e RyBIoLaHyrsisoRe atimearanen FLeyE Bestymvibinbare
d%i%.ééhose isclosed in U.S PateIJ;t I}Io, 3,574,576, the contents of which
S5 S Biin st RAVERRUFSAIOTR A SeLrisy o Bplihias mich as

r Ikyl, or olefinic having ong gr two sites.of unsatyration, 5 .
aﬁs%igyrl?éyaﬂ’nﬁé S %, € rlene 511& cﬁe Eeﬁea%%nghg rlgja‘ﬁpﬁxgﬁ;}nne,

contains from 9'to about 350 carbo

2HZR IR A R0caon Al R sy R e

polyamines are those w are derived, €.g:, by reacting polyiso

chIori%mtﬁmn@wmﬁpgmggmeoﬁ%%%%m&tﬁ&%&l&ﬁmgm%g Base

ethylene diamine, diethylene triamine, tetraethylene pentamine,
compounds. These compounds are prepared from a pheno! or Co.z00 alkylphenol, an

aldehyde, such as formaldehyde or formaldehyde precursor such as paraformaldehyde,
and an amine compound. The amine may be a mono or polyamine and typical
compounds are prepared from an alkylamine, such as methylamine or an ethylene amine,
such as, diethylene triamine, or tetraethylene pentamine, and the like. The phenolic
material may be sulfurized and preferably is dodecylpheno] or a Cgg.i00 alkylphenol.
Typtcal Mannich bases which can be used in this invention are disclosed in U.S. Patent
Nos. 3,539,663, 3,649,229; 3,368,972 and 4,157,309, the contents of which are
incorporated by reference herein.

Still yet another class of useful nitrogen-containing compounds are the
phosphoramides and phosphonamides such as, for example, those disclosed in U.S.
Patent Nos. 3,909,430 and 3,968,157, the contents of which are incorporated by reference

herein. These compounds may be prepared by forming a phosphorus compound having
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2-aminoethylpiperazine, 1,3-propylene diamine, 1,2-propylenediamine,
and the like. 10 Yet another class of useful nitrogen-containing
compounds are the Mannich base compounds. These compounds are
prepared from a phenol or C9.ZOO0 alkylphenol, an aldehyde, such as
formaldehyde or formaldehyde precursor such as paraformaldehyde, and
an amine compound. The amine may be a mono or polyanune and typical
compounds are prepared from an alkylamine, such as methylamine or an

RRYEBRAMNSoR SHEL 85 tigihyieee Wamingyer Eg%%ﬂﬂé%‘ésphom

pentamine, and the like. The phenolic material may be sulfurized and

prefieiably Jatedeaytpienotin o Gepleralkyphanabathiricablanpich
bases which can be used in this invention are disclosed in U.S. Patent
Nosp!®339;668]3i648i220(i8,368:9712 @ndddr 23R Anth e raontefis 86nal
which are incorporated by reference herein. 20 Still yet another class of
YRRyl Ritoderrbonmidgasdmpopackd yo thaipshosphoramiddsydndarbon
phosphonamides such as, for example, those disclosed in U.S. Patent
NBROYRIHB AR FIDBETST HaLE ks aPwhickchrs pidsedolated by
reference_herein. These compounds may be prepared by forming a
RSP R B RPBIRRY R gAY St hdiesP o d ARKBEERE: 1By KsA%De
repared, for example, hy reacting phosphorus oxychloride with a o
B RSSO B RO RS 05 L g conaining
rys laride with a,difunctignal secongdary.amine a .
%%%%%-?uﬁn%t%gr%g%?nﬁ?ef %r%g %@p noararﬁlfi ed eéé‘#‘ B%{IB%B%@#%WW ammne, or

4&9&@%%%?@&@99@&{9%&99&%}& 9%91&%%}%@&%%&%55,

450 or more carbon atoms, such as polyethylene, polyisobutylene,
ERIRIPRYISBS A one twxene, 1,3-hexadiene, isobutylene,

4-methyl-lI-pentene, and the like, with phosphorus pentasulfide and a
nitrogemihatalaieef useful nitrogen-containing compounds includes the so-called
dispersant viscosity index improvers (VI improvers). These VI improvers are commonly
prepared by functionalizing a hydrocarbon polymer, especially a polymer derived from
ethylene and/or propylene, optionally containing additional units derived from one or
more co-monomers such as alicyclic or aliphatic olefins or diolefins.

If desired, prior to dispensing the at least one base oil and at least one lubricating
oil additive to provide the compositions herein, as discussed hereinbelow, it can be
advantageous to conduct molecular modeling of proposed compounds for use in the
compositions (i.e., formulations) to determine which compounds may provide potential
leading candidate compositions. For example, calcﬁlations can be carried out involving
such factors as, for example, transition states, bond lengths, bond angles, dipole moment,

hydrophobicity, etc, of the compounds. Accordingly, the proposed compounds can be

screened to determine, for example, which compounds may perform poorly in an
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compound as defined above, particularly an alkylamine, alkyldiamine,
alkylpolyamine, or an alkyleneamine, such as ethylene diamine,

- diethylenetriamine, triethylenetetramine, 10 tetraethylenepentamine, and

the like. Another class of useful nitrogen-containing compounds includes
the so-called dispersant viscosity index improvers (VI improvers). These
VI improvers are commonly prepared by functionalizing a hydrocarbon
polymer, especially a polymer derived from ethylene and/or propylene,
oaflacina iyHisintai pngas dildanal pooit skdierve drijphnane distd pansi€es. This can
co-monomers such as alicyclic or aliphatic olefins or diolefins. If desired,
bpriamrtal dispensiighe atfeast omd bader ot amdaQeasuonidabaigati¥g oil
additive to provide the compositions herein, as discussed hereinbelow, it
agaiteble feam Ao dSavldisaelfatl fsteeular modeling of proposed
compounds for use in the compositions (i.e., formulations) to determine
whichSeSFs Rt Daiey g oliss: HBeRtitee> ket pamiheoriginal
compositi For example, calculations gan be carried out mvolvmg such

“fﬁE?SP@%&ES¥§1bé%Eé‘?ﬁBFée AR TSREE TBESEA s SR BEHA RrRgEn(s). This

R marment, Pycaphobieyeto.gfihe compounds- dcsardnal. he
propose compou S Can ene etermine, OI' exanﬁf)e which

e%?EﬁB%H&‘i' LREURA bagy }’ 1 ge%QnQ ﬁ%&ﬁ %@ski%e

a poor anility to trap mterme late peroxi e carrle OUt

cHﬂﬂ%WQd%EW&FE&M@'&% 0 W?MHQMM@M&%M with the

available from Accelrys (San Diego, California). Software for the design of

sIRRLIRIGIIBS canRalEeRde despBieREaaL sorempRURdGSEIRIBHes

based on input from the foregoing experimental program(s). This software
coatifishsisBatnceffigigiily sesiym teséibiasies (AT evRivine (drshatiive
Structure Activity Relations) available from Accelrys {San Diego, California). Such
QSAR programs can then be used by the software to design subsequent compound test
libraries for further screening,

The use of such QSAR programs can add to the efficiency of screening. As more
data is collected, these QSAR programs can become more efficient at developing
compounds libraries with increased probability for finding desirable compounds. For
example, the compounds analyzed can be formulated into various lubricating ol
compositions, as described hereinbelow, and then further analyzed by way of, for
example, regression and analysis technologies, using known software, e.g., C--QSAR
available from Accelrys (San Diego, California). In this manner, validation of the data
obtained from the molecular modeling can be achieved and then this data can also be

stored in a data collector. In this way, new compounds, conceived by one skilled in the

art can be checked by the QSAR software to predict their activity prior to their actual
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experimental space and utilize statistical experimental design methods.
Other software can then be used to analyze the data from the
experiments and correlate that data with the structure of the compounds
and/or compound treatment conditions and/or reaction to conditions. Such
correlations are often referred to as QSAR software (Quantitative
Structure Activity Relations) available from Accelrys (San Diego,
California). Such QSAR programs can then be used by the software to

sghaaign subsamant campindiesiolinmres feniudhe E)ﬁ@?ﬁ%iggsﬂ}%&@ﬁ)le

of such QSAR programs can add to the efficiency of screening. As more

chmstatatishepiteripd JthesR QRARY agras 6an bacemamrieisificientan
developing compounds libraries with increased probability for finding

hdesiraigeecombduligsioFsicexample, the compounds analyzed can be
formulated into various lubricating oil compositions, as described
hereifséeingaretieehifrthar avaipleef by waydé, forvidzamdtes going
regression and analysis technologies, using known software, e.g.,
CepRESYIRRE YD IAGAIMBIR RS e sRecbp S Sereminelss iaanrsrHindll paterid as
manner, validation of the data obtained from the molecular modeling can
SUCHERTEY StPRITEETRA S ity el ansbrseheddre anon it e dmserspein

thi , d ived b illed in t t b _
BRRLA, T L LBl W b B oy ol b e aeradins

3 pahesedinallyaauch s opls maw e Milzed o proize

ist of po e compounds being considered for synthesis in‘stich a
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Referring now to FIG. 1, an example of a system to provi oregoing

FORUUNBICASHRING RIHIRIY BiFespeeliva irst KR GERIRFIRS I IR
illustrated as

assignee with the present application, the contents of which are incorporated by reference

herein. It is to be understood that the present invention is not limited to this system and

that other systems can be envisioned for providing the foregoing compositions in the

plurality of respective test receptacles.

Generally, vessel 110 contains a supply of the foregoing base oils of lubricating
viscosity B. Vessel 120 contains a supply of additive A, which can be any of the
foregoing additives useful for modifying the properties of the base oil so as to provide a
lubricating oil composition suitable for the intended use or application. As one skilled in
the art would readily appreciate, one or more of vessels 110 and vessels 120 can Be used
when dispensing more than one base oil and one additive, respectively.

Tubutar line 111 is a conduit for communicating the base oil B to nozzle portion

113, from which it can be dispensed into a selected test reservoir, as described below.
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system 100. Representative of this system and method for providing the
foregoing compositions in the plurality of respective test receptacles is

" one disclosed in co-pending U.S. Patent Application Serial No. 10/699,5

10, filed on October 31, 2003 and entitled "HIGH THROUGHPUT
PREPARATION OF LUBRICATING OIL COMPOSITIONS 10 FOR
COMBINATORIAL LIBRARIES" by Wollenberg et al. and having a
common assignee with the present application, the contents of which are

ThHeQrRORALBE taYd 6RIRAER: 1G5 RIR kiR g lﬂ?xﬂ&g‘?ﬁﬁtﬁm;im t’z‘&}%@éee&%%

invention is not limited to this system and that other systems can
@misteneghfiellpgoviding the foregoing compositions in the plurality of
respective test receptacles. 15 Generally, vessel 110 contains a supply of
the fofBguilagvese bilsaofduhrichtingnvinensitin Bluvessald 20 LRnkeins &
supply of additive A, which can be any of the foregoing additives useful
forzn odifend 2R efropeiiivs ohithechiigemsidnasitelprnddesarchsbritating
oil composition suitable for the intended use or application. As one skilled
drscired rclosiuld he ampprigiieasal dpreweiisdestuissdy Tecangpump 122,
Vv sﬁels 120 can be used 20 when dispensing more than one base oil and
%’?18 FURAFI8 DS RRHTE AP AH EfardRTEPY T REOFTEBIRJH fIFEBmUNicating

the b il B to .nozzlgggortion 113, from which it can be dispensed into a

4 é“f*g“e&%s’??feesﬂé’.%@zfﬁ CTTRRET B B S SR L AR ERrer R il
i is det ined b teri 12, which b t
e e R oot o
Qﬁsglﬁgﬁgsed ne.a,
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a0diiMeA1Q N377la PrtRlblde (IR loshl

selected test reservolir, as 5 describe below. The a ase 0i
AASPepaechideliRiminReRY MEIERRE AU 2% rvoir. Alternatively, base oil B
and additive A can be sequentially added to the test reservoir. The nozzles 113 and 123
can comprise a multichannel pipette or one or more syringe needles.

The vessels 110 and 120 can be under pressure. Optionally, more than two
vessels can be employed. Metering pumps suvitable for use in the invention are known
and commercially available. In the event that highly viscous lubricant base stock or
additives are used, the vessels 110 and 120 and/or the tubular lines 111 and 121, metering
pumps 112 and 122, and/or nozzles 113 and 123 can be heated to facilitate fluid flow
therethrough.

The test frame 130 includes a block 131 of inert material (e.g., glass, ceramic,
metal) having a plurality of recesses 132 for receiving the dispensed base oil and
additives. The recesses provide test reservoirs wherein each reservoir contains a

lubricating oil of a different and predetermined composition, i.e., the percentage and/or

type of base oil and/or additives in each composition will vary from one reservoir to
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which also can be computer controlled. Computer programs and systems
for automatically metering predetermined amounts of materials in
accordance with a preselected program control are known in the art and
can be used herein. Nozzles 113 and 123 are preferably in close proximity
so that base oil B and 10 additive A can be simultaneously dispensed in a
test reservoir. Alternatively, base oil B and additive A can be sequentially
added to the test reservoir. The nozzles 113 and 123 can comprise a

e 2R RLUEDL NG AL (Rie svfings fecdice. e vessels At and

120 can be undér pressure. Optionally, more WO

BRRIRYR G oMS RN GRS Eb&%%%%ef&%é’i eaifo]},QE]i fien are known. 15

and commercially ‘available. In the event that highly viscous IUBRcant bakse

stogkeon sellilives asecises, yvesseiRdheand figd and fubular,
lines 11 | and 121, metering pumps 112 and 1122, and/orér?é‘%gﬁ%eesyﬁfgf:sgﬁv s

d2decampleshdatest tadagpiilaie fuid dew thetettwayabulhe ieshiame fqP

includes a block 131 of inert material (e.g., glass, ceramic, 20 metal)
fiéloegt duptinatlity oif foupsbes 82 {desenaiving thareisplenaaspase oihand
additives. The recesses provide test reservoirs wherein each reservoir
Toalns S Hisrieatipbiveh asdilferantanehiredsteruinareompoSHN132b,

t%ﬁ]the percentage and/or type of base oil and/or additives in each
paticn AiMREr P erediing thedibbnetiveaiberatmenc@ptionally, the
reservﬂ]rs.c%n i?eaelndividu_al receptacles g:'&' test tubes) mounted upon a
rack, inSEeAd OF BEiFE Feoss LEs arent i de kol Friatinadyregaliinamte of

.32a, 132h132c, 132d, 132e, are illustrated in FIG. I, any
I TS e i o S pIB Pl dergron
A5R"YPHS, ‘ﬁ&%?@%ﬁ%}%%@?e%&% %l?c?ui 20 ml, preferably no more than about 15 m),

more preferably no more than about 10 ml and yet more preferably no more than about 5
mi,

The test frame 130 and dispensing nozzles 113 and 123 are movable relative to
one another. Although manual movement of the apparatus by an equipment operator is
within the purview of the invention, robotic mechanisms with programmable movement
are preferred. In one embodiment the test frame 130 is mounted upon a slidable carriage
movable in a lateral and/or vertical direction so as to sequentially position a selected
recess under the dispensing nozzles 113 and 123. In another embodiment, the nozzles
113 and 123, and optionally the vessels 110 and 120, are slidably movable laterally
and/or vertically to accomplish positioning of the nozzles 113 and 123.

In a testing procedure, vessels 110 and 120 are filled with the selected lubricant
base oil and additive(s), respectively. The apparatus of system 100 is moved such that

dispensing nozzles 113 and 123 are positioned above and in alignment with recess 132a.
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5 different lubricating oil formulation samples. It is also contemplated that
liners (not shown), e.g., glass or metal such as aluminum, can be inserted

~ into recesses 132a, 132b, 132c, 132d, 132e prior to depositing the

lubricating oil components. The individual reservoirs are adapted to hold
relatively small amounts of lubricating oil samples. The sample size in
each reservoir can generally be less than 10 about 50 nil, preferably no
more than about 20 ml, preferably no more than about 15 ml, more

AiaierbhnRR-mere dhaniaban 16 slandySinersaareierabhe BN ously
than about 5 nil. The test frame 130 and dispensing nozzles 113 and 123

dupemeyaierdalalivento Dnedanetsng AEaryghImanuak meemankof the
apparatus by an equipment operator is 15 within the purview of the

ritpeettivand robetic higehanisms withguregramhiablsndibeencentdimounts of
preferred. In one embodiment the test frame 130 is mounted upon a

adiidats &\ cardiades el Biles than st mbearddensertida ghelctiomsedshedule of
sequentially position a selected recess under the dispensing nozzles 113

vargippsuth Bbthrelbrmsbamedn weresid22lebas a dilpgnt 2SIcsASptionally
the vessels 110 and 120, are slidably movable laterally 20 and/or vertically

RFReEtiphREAMBLIG STARGIGE theeriss At TRt 3S TRPsAisd i ghe nozzles
, Is 1 d 120 filled with th lected. lubri t

) TR DR T ST BHE oFSp ke 200 (o maVeq o2
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meter?ﬂ?%}%gﬁe%saﬂ%% é&@ﬁ?e%é%‘l'}fc%?x%ﬁéﬁ il BREASSIINIDISHRSR,, for
132a. The dispensing nozzles 113 and 123 are thereafter repositioned o
be.iprligpment ity the Rext recess 4328 andithe meteeranounts Siens
of the reservoirs (mechanical or magnetic stirring) or by bubbling the reservoir with a
gas, e.g., nitrogen.

Optionally, base oil B and additive(s) A can be combined prior to dispensing into
the respective reservoirs. For example, a single dispensing nozzle having a mixing
chamber can be used, wherem base oil B and additive(s) A are metered into the mixing
chamber and then dispensed through the nozzle into the reservoir.

Referring now to FIG. 2, a system 200 for combining and dispensing a lubricating
oil composition is schematically illustrated which employs a single nozzle assembly 210
having an elongated injector portion 211 and a mixing chamber 212. The end of injector
portion 211 includes an opening 216 through which the lubricating oil composition is
gjected into the selected test reservoir,

A conduit 202 conveys a quantity of base oil B through a metering apparatus 201

and into mixing chamber 212. Conduit 204 carries a first additive A-1 through metering
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additive A and/or base oil B are changed in accordance with a
predetermined schedule of 5 variation such that the lubricating oil in

recess 132b has a different percentage composition of additive than that
in recess 132a. The pattern is repeated as the nozzles 113 and 123 are
sequentially aligned with the successive recesses 132c, 132d, and 132e
so that each recess has a predetermined composition of lubricating oil.
The components A and B are preferably combined in the reservoirs by
appuiags 203 itdaxapienPyragitationoftbediames tatistatiscoHxinhitive A-2
individual stirring of the contents of the reservoirs (mechanical or
thmagietietstindrgpanty Mbhlihmiherdse olainbétll B.gasie. galniieg@aitive
Optionally, base oil B and additive(s) A can be combined prior to
wispensirsgiirtendné-tespebtive, e servidites: Foesianigiel angimgieber of different
dispensing nozzle having a mixing 15 chamber can be used, wherein

3945 & B Dsdnslirdpidisnataed msttreaorrls saeenikig OCchdimbestamg
then dispensed through the nozzle into the reservoir. Referring now to
ABRE815:2 ) cAbin OG- B NGRS SORGFHF A HSEEBE i 250

composition is schematically illustrated which employs a single nozzle
G570 FADARD B BTORGAEORP G RIOR F EoP AR S

SRS AR Tha erabotnoctor 20 orion 2L s ngpepina 210,

through which the lubricating oil composition IS es

drsbiRRSpalkadh Copdl 2B aneys A SRRl of bass.0l P figugh 2

metering apparatus 201 and into mixing chamber 212. Conduit 2

darhigadofirrLadditive.Ac] shmugk. Metedng .23 aRRAIsRRRRARd M0

mixing chamber 212. Conduit 206 carries a second additive A-2 through

daé%g?em@ra@mmw@@& 260 inteamixing chanren 218y Whilg:i Yhtehounts
oaf theI: Ir\:sapective lubrication oil components (i.¢., base oil B, and additives A-1, A-2, etc.)
metered into the nozzle assembly 210.

Preferably the conduits 202, 204, and 206 are terminated with one way valves
207, 208, and 209, respectively, to prevent backflow of the mixing chamber contents in
the event that pressure in the mixing chamber 212 exceeds the pressure in the conduits,

'The lubricating oil components can be mixed together by various means. For
example, mixing unit 213 can be a rotary impelier, or, more preferably, an ultrasonic
probe. Optionally, baffles 215 can be incorporated into nozzle assembty 210 for static
mixing of the components as they flow through the nozzle assembly.

In the event that high viscosity components are being mixed, a heating unit such
as coiled resistance heater 218 can be used to raise the temperature of the components

and thereby lower their viscosity to improve fluid flow. Heating units can alternatively

be convection units (e.g., hot air blowers), radiant coils, or conduction heaters, and can be
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components A-1 and A-2 are shown, it should be understood that any
number of different additives can be individually metered into the nozzle
assembly 210. The metering 5 apparatus 201, 203, and 205 are each
automatically controlled by control system 250 which preferably includes
a microprocessor with the appropriate programming and control
connections 251, 252 and 253 for communicating control signals to the
respective metering apparatus. Control connections 251, 252 and 253
usadtb QedOEBXRRRILh LIoaUIE 2L ERaRliRNRY BaatiRhfligiticd N8, 0RALIRLY),
system 250 determines the 10 composition of the lubricating oil in the
timisdaguitidboe? (2] 20y, ke ulatngdhepamaunts | P IRE2BS PR6ME ing chamber
lubrication oil components (i.e., base oil B, and additives A-l, A-2, etc.)

e drititoithe o pate astEniisiRd®)Preferably the conduits 202, 204,
and 206 are terminated with one way valves 207, 208, and 209,
respe&liveRatestp péviehmbenR fbardrtid heixirds crambérashtonestor pbSion
the event that pressure in the mixing chamber 212 exceeds the pressure

il e K8 16TRE LeT HRPIBISH G RIS KRR REHIS FURBE ke asterjamessest gas.
various means. For example, mixing unit 213 can be a rotary impeller, or,

%&@B?B?&%‘iﬂ‘ﬁ%i%ﬁ’@’s%ﬂi’és8%2%&%38%}’,%%%8 i contents

.incgrporated i zle ) 210 for static mixing of the

SR A PSR b R ROSR Shobes s

<Ratiigl, \Gx%%&%?r' ?&%Rﬁ%‘?%&ﬁr‘? BN TVKRA R BN WAL SHEN 88, ces
coiled resistance heater 218 can be Used to raise the temperature of the

ELOPORFALS @m%éfﬁ%&faxi@avg{dm?%me%%%gm&%@%ﬂ% 205 can
Heating units can alternatively be convection units (e.g., hot air blowers),

pradianb el OpcondElion Rantars@ng caRd e 28 Ypeghio heat any part
of the system 200 including the component supplies (B, A-1, A-2),

Once the plurality of receptacies have been provided containing lubricating oil

compositions, the plurality of fluid samples can then be analyzed for dispersancy
performance. The method of the present invention includes testing a plurality of
lubricating oil composition samples for dispersancy performance by any of a variety of
methods. Typicaily, the lubricating oil composition is combined with an oil insoluble
material, treated by heating to a predetermined temperature for a predetermined period of
time, and then tested for an indicator of dispersancy performance, such as, for example,
viscosity or spot spreading.

The base oil-insoluble material for use herein can be any polar, base oil-insoluble
material. Useful polar, base oil-insoluble material includes, by way of example and with
ne limitation, sludge deposits, e.g., recovered used engine oil, natural soot, e.g.,
recovered used engine soot; synthetic soot, e.g., carbon black(s); vamnish-forming

material; water and the like. Generally, carbon black for use as synthetic soot herein
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the conduits (202, 204, 206), the metering apparatus (201, 203, 205), the
mixing chamber 212, and/or the injector portion 211 (as shown). The

- contents of the mixing chamber 212 can be moved through injector portion

5 211 by, for example, applying pressure from a pressure source P such

as compressed gas. As mentioned above, one-way valves 207, 208, and
209 prevent backflow of the contents into the conduits 202, 204, and 206

if the pressure within the mixing chamber 212 exceeds the pressure

Wwithin t its. Alternatively, the base oil and additive sources B, A-l
R R P oS b e o
ROy ] ' ' ¢ oye.the materials through t
RS b e SO Sl S
dghriapbing ol GOMRSIYSAT) B1acRWIANL:0fMiiF AAMRIeRAR) 1hRRLE
analyzed for dispersancy performance. The method of the present
axivesitio fuinate (EBREBLIORs Ak fadityco { HPDsiaati) thelh e siien Suples
for dispersancy performance by any of a variety of 15 methods. Typically,
fumeahediibatinglaikcemipesitioiniseambines sisk Anbhitinsaledlen HatRLahe
treated by heating to a predetermined temperature for a predetermined
charisd Weckmbard motisesing shennfd birlindicadoctofotibpersiarieyks, charmel
performance, such as, for example, viscosity or spot spreading. The base
brhssbroplarinaraiisrabiadier Siereahbiekyand diariisose oilinseiublecof.

seful polar, base oil-insoluble material includes, by way of

0 material.

%e%g%%@g‘?‘f RitH e AraRs e abla daderblacksars et fugbbelest: used
engine oil, natural soot, e.g., recovered used engine soot; synthetic soot,
e.g., carbon black(s); varnish-f&%ﬁ%&%ial; water and the like.
Generally, carbon black for use as synthetic soot herein 27

ASTM Surface Area

Designation  (m’/g)
(D-1765-82a) (D-3765)

N-110 126
N-234 120
N-220 111
N-339 95
N-330 83
N-550 42
N-660 35

In one embodiment of the screening method of the present invention, a soot
thickening test is performed in which at lest one base oil of lubricating viscosity is
combined with at lest one lubricating oil additive (preferably, at least one dispersant
additive) in a predetermined amount and composition percentage to provide a lubricating

oil composition, A portion of the lubricating oil composition is reserved for use as a
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includes any of the commonly available, commercially-produced carbon
blacks known to one skilled in the art. Useful carbon blacks include, but
are not limited to, furnace black, e.g., super abrasion furnace (SAF)
blacks, high abrasion furnace (HAF) blacks, fast extrusion furnace (FEF)
blacks, fine furnace (FF) blacks, intermediate super abrasion 5 furnace
(ISAF) blacks and semi-reinforcing furnace (SRF) blacks, medium _
processing channel blacks, hard processing channel blacks, conducting

eRpnsbPlags. chacel hinclss. ATRSIAG: ASENiRaeacks. elmg],

A O
blacks and the like and mixtures eneral values Tor surface
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ASTM Surface Area Designation (m2/g) 5-82a 65 N-110
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one embodiment of the screening method of the present mvent!on,‘a soot
cthigheiog kst Redfanmatibdabishrl Igsh e Paeese b PG NG erial

viscosity is combined with at lest one lubricating oil additive (preferably, at
fteastopk disyetisaittsoot such as carbon black, to simulate soot. A predetermined
amount of the base oil-insoluble material in the test sample will ordinarily range from
about 0.5 to about 10 % by weight and preferably from about I to about 6 % by weight,
based on the total weight of the lubricating oil composition.

The base oil-insoluble material is soaked in the lubricating oil composition for a
predetermined time period, e.g., a time peried ranging from about 10 hours to about 20
hours, after which the sample is homogenized for a time period ranging from about 30
seconds to about 3 minutes. Homogenization can be accomplished by, for example,
mechanical stirring or by ulirasonic agitation. The test sample is then degassed in an
oven for about 15 minutes to about 1 hour after which the kinematic viscosity of the test
sample is measured. The kinematic viscosity of the test sample is then compared with the
kinematic viscosity of the fresh lubricating oil comparison sample to determine the
percentage increase in viscosity. The more effective the dispersancy performance of the
test sample, the smaller will be the increase in viscosity as compared with the fresh
sample, because of the dispersancy of the polar, base oil-insoluble material. The
dispersancy performance results are then automatically outputted to a computer
controller.

In another embodiment of the present invention, a spot dispersion test is

performed in which, for example, a test sample is divided into two portions, each
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15 additive) in a predetermined amount and composition percentage to
provide a lubricating oil composition, A portion of the lubricating oil
composition is reserved for use as a 28 comparison sample of fresh
lubricant oil composition.  The kinematic viscosity of the fresh comparison
sample is measured at IOOEC by any suitable method. To provide a
comparative test sample, another portion of the lubricating oil composition
is combined with a predetermined amount of a base oil-insoluble material,

Sienexample BRI s0ghs6h e aahen AlRch 9 Imulale S0t A

predetermined amount of the baseoil-insoluble material in st sample
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preferably from about 1 to about 6 % by weight, based on the total weight
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PA&%&%%{%@Q“ the fresh lubricating oil comparison sample to determine the
percentage increase in viscosity. The more effective the dispersancy
DeTTO anNCE;Q Er e amprée;tme-Ssmanet—w

viscosity ascbrr?gare With the fresh sample, because 0 eatarlspersancy
Spsttthe Rotar tmpersikinsoluble materigl Siittet 20Rdispetsareytperformance

SE G, A A R B G Ay PP B e & 1 2% COT P ot 200EC for about 1

minutes minute
Spot 3 — held at about 250EC for about 10 Spot 6 — held at about 200EC for about 10
mminutes minutes

The spots are then permitted to elute into concentric rings for a predetermined
period of time, €.g., up to about 48 hours, and rated by measuring the sludge diameter
(Ds) and clear oil diameter (Do) of each spot and calculating the ratio of the diameters
Ds/Do, i.e., measuring an outer diameter of each ring and an inner diameter of each ring,
calculating a ratio of inner diameter to outer diameter for the rings and calculating
dispersancy performance data based upon the ratios for the rings. The total of the ratio of
all six spots is an indicator of the dispersancy performance of the lubricating oil
composition test sample. The better the dispersancy performance of the lubricant oil
composition is, the farther the shudge will travel, and the higher will be the ratio Dg¢/Dg,

up to a maximum ratio of 1. Such ratios can be derived by, for example, light
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controller. In another embodiment of the present invention, a spot
dispersion test is performed in which, for example, a test sample is
divided into two portions, each 29 containing, for example, about 20 parts
by weight of a particular lubricating oil composition combined with about 5
parts by weight of a base oil-insoluble material such as, for example,
used engine sludge containing about 2% by weight of carbonaceous
material. To one portion, a predetermined amount of distilled water (e.g.,
12RaHkEnee RRAMhiR AN Bateriaps: ABIBMHRABASENIEEHansmittance
Multiple spots, e.g., six spots (three spots of each portion) can then be
detadenanoiespasthvapieces of a chromatographic material, e.qg., filter
paper, and treated under the certain conditions such as, e.g., those set
forth hiedeviredy iffeotet WM atd thd Hiztddtef (1S potdnt RoonttarypcratuoaiSpat 4

- Room temperature Spot 2 - held at about 200EC for about 10 Spot 5 -

fivaick atradio in 200EC for dyotivl winighuterpirindiksc Spat Bashald atialzontact
250EC for about 10 Spot 6 - held at about 200EC for about 10 minutes
Wity feorTererging thearpiber d ihsig e lud TR IRERIRACHRYs Tor
a predetermined period of time, e.g., up to about 48 hours, and rated by

BRI RGAL SAGERS CRAR BT PRI it Ram afdR eS8y BH axtpm for

R e e LT BB SRR AR B TP AE ARG o coch ofthe
cal ulqigﬂgtgs{sa%io of inner diatm%%;igo out%r diameter for.

results ?atlng ¢ing carned ou Way, it becOrmes posmbtlgpforrirllgsss %?e(jraction
with personnel] being stationed at the location of the system. Suitable data lines, with
which the results of the output, as well as control commands, may be transmitted, are
known.

Dispersancy data regarding each of the compositions described herein can be
stored in a relational database o provide a combinatorial lubricating oil composition
library. Alternatively, the system may be electrically connected to a signal data collector
comprising a computer microprocessor for system operation and control to coliect the
data from the various tests over an extended period of time to compile the combinatorial
tubricating oil composition library. The database can be used to find optimum
combinations for a desired product stream, and can be particularly useful when the
desired product stream varies depending on market factors. When the product
requirements change, appropriate cornbinations can be selected to prepare the desired
product.

Relational database software can be used to correlate the identity of the

lubricating oil compositions and the analytical dispersancy data obtained therefrom.
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15 dispersancy performance data based upon the ratios for the rings. The
total of the ratio of all six spots is an indicator of the dispersancy

— performance of the lubricating oil composition test sample. The better the

dispersancy performance of the lubricant oil composition is, the farther
the sludge will travel, and the higher will be the ratio Ds/Do, up to a
maximum ratio of 1. Such ratios can be derived by, for example, light 30
transmittance determination through the filter paper employing known light
NiARshliansReAeIaUNAIeR fMiBMPNM:aH desiedalbgtesults 8t hailable,
method of the present invention can be monitored from a remote location,
foCex anlpratiom\which |TrpbiMivecOArAE IvRSEdE MiSUCh aaltd @b with thBS
system operating the method of the invention. A remote location can be,
(tarexanies"y eadtrdkprofesscoantioksystem or room which, as part of
the overall system for use herein, monitors and controls the system as
well aBqletondkdiebasapefisvafedastprsfated rasuEsoftwradatarisonsins the data
carried out. In this way, it becomes possible for less interaction with
optaiseh HaTipsihg Baberfelrwritrd kseaiiotior s spareinl iRt aabie to
lines, with 10 which the results of the output, as well as contrgl .
CERRRMaSEORIATER fhFAThREERe AP TRT. IpRTLeRs ST FE gartihard
eacf of the,c r16r1111?0;sition§l tescgr{.bed here'%n cand%e sttgre in a relational
RS S U R S BT AP OB A REHG ST Bo R OSRiST fbrary.
o S L R e e
collector’ 15 comprising a computer microprocessor for system operation
d control. to collect the data from the various tests over an extended
period of time to compile the combinatorial lubricating oil composition

libraryyThe flatabasacanie ssH A8 Ash ORI, these specifics should not be
construed as limitations of the invention, but merely as exemplifications of preferred
embodiments thereof. For example, dispersancy tests other than those described herein
can be used to provide dispersancy data for the plurality of different samples tested.
Those skilled in the art will envision many other embodiments within the scope and spirit

of the invention as defined by the claims appended hereto.
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combinations for a desired product stream, and can be particularly useful
when the desired product stream varies depending on market factors.
When the product 20 requirements change, appropriate combinations can
be selected to prepare the desired product. Relational database software
can be used to correlate the identity of the lubricating oil compositions
and the analytical dispersancy data obtained therefrom. 31 Numerous

wieammargialiyayaible relational database software programs are
available, for example, from Oracle, Tripos, MDL, Oxford Molecular
("ChemicgkbesignhpiDB&h iRl Base Thbaindioih el soffyasivessiapses
Relational database software is a preferred type of software for managing

forthiepaadan &y phthimech cingddhe cpethods delscobedifiegein. However, any
software that is able to create a "memory map" of each of the additives
and @mpesitigrespdesdtip etldiffeesntdniricomelatectivapdnfoomsitioplavittrthe
information obtained from the dispersancy measurements can be used.

sarpliscyperoi moitivamsdpnetikmowhatd ard se cobaskibinofHebasatiogwWisiiesthe (ii)
above description contains many specifics, these specifics should not be

a rpgpsamednas irhleasionns dttheanveatloddbinenfob(jidg aseskiptifismdonsaynt
preferred embodiments thereof. For example, dispersancy tests other

of grhasehsasgbsdeiBedeHalein can be used to provide dispersancy data for
the plurality of different samples tested. Those skilled in the art will
enviStomAEHyPEiHEdRTsRIfERE iR IR spdpesantrapiricfithe

inventign as defined by the claims appended hereto. 32
corresponding dispersancy performance data results; and,

(c) automatically outputting the results of step (b).

2. The method of claim 1, wherein the base oil is a natural or synthetic oil.

3. The method of claim 1, wherein the at least one lubricating oil additive is
selected from the group consisting of antioxidants, anti-wear agents, detergents, rust
inhibitors, dehazing agents, demulsifying agents, metal deactivating agents, friction
modifiers, pour point depressants, antifoaming agents, co-solvents, package
compatibilisers, corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.

4. The method of claim 1, wherein the at least one lubricating oil additive is an

ashless dispersant.
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WHAT IS CLAIMED IS: 1. A high throughput method for screening
lubricating oil composition samples for dispersancy performance, under
program control, comprising: (a) providing a plurality of different lubricating
oil composition samples, each 5 sample comprising: (i) a major amount of
at least one base oil of lubricating viscosity, (i) a minor amount of at least
one lubricating oil additive, and (iii) a predetermined amount of a base
oil-igsofybladmatespti{k) measnaibeasdispeispaeunasiaranceahaeneh
test sample to provide corresponding dispersancy performance data
grolpstisiang, kR ¢pautiemadicatlyi ouiputing shefesiults of stepitihg2. The
method of claim 1, wherein the base oil is a natural or synthetic oil. 3. The
derimgihedodfagiaimikyleheseinithie aihlahsdoadhkridatinenaib agditivesidedtbd
selected from the group consisting of antioxidants, anti-wear agents,
fronetergants consisintyibiferectendding adersicdend usifymghadentsppietal
deactivating agents, friction modifiers, pour point depressants,
moandifdaeimydigents; polgaivierss Mrackeaybacsnpbatifitisensides,
corrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents
thiepigsplixteresithersbphosphorfadere thoddecluimdewbepeinnkes athishgtontain
one lubricating oil additive is an ashless dispersant. 33 5. The method of
a clbgny IRt g theng shiBss g drepdtne! sciaecaart bt P ogtdiggted

consisting of polyalkylene succinic anhydrides, non-nitrogen containing
succinimides, ethylene carbonate post-treated succinimides, and mixtures thereof.

6. The method of claim 1, wherein the base oil-insoluble material is a polar, base

oil-insoluble material.

7. The method of claim 6, wherein the polar, base oil-insoluble material is sludge.

8. The method of ¢laim 7, wherein the sludge is recovered, used engine oil.

9. The method of claim 1, wherein the step of measuring the dispersancy

performance of each sample comprises measuring the kinematic viscosity of each sample

at a predetermined temperature.
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derivatives of a polyalkylene succinic anhydride, a basic nitrogen
compound selected from the group consisting of succinimides, carboxylic
acid amides, hydrocarbyl 5 monoamines, hydrocarbyl polyamines,
Mannich bases, phosphonamides, thiophosphonamides and
phosphoramides, thiazoles, triazoles, copolymers which contain a
carboxylate ester with one or more additional polar function, borate
postﬁ_eqﬁ%ggﬁgr&imgg%@?mﬁﬁé}%&%@%@_e post-treated succinimides,

and mixtures thereof. 10 6. The method of claim 1, wherein the base

oil-inseialg Mmatarighitia PRIBFRASE ofikinsaiukismatesiale antprRsmethod

of claim 6, wherein the polar, base oil-insoluble material is sludge. 15 8.

contiigimatbedefslaiofibihasgifidhe sludge is recovered, used engine oil.
9. The method of claim 1, wherein the step of measuring the dispersancy

perfermanie; ohcrekban Ris L/MPEes toerspinnh e RineowdieniyiRepsiy
of each sample at a predetermined temperature. 20 34 10. The method of
clairde®;rinitiher themposingepidiacing detrespahdikigdularicatisug il of the
composition reference samples containing no base oil-insoluble material,
lubneasigrirbctherkisie onatienpiscosi ) of the sporrdisgdnilingteferiénomposition
samples; and 5 determining the percentage difference between the
refkigmrnatiopiscosity of the lubricating oil composition sample and the
corresponding lubricating oil composition reference sample. 11. The
method of claim 1, wherein the base oil-insoluble material is selected

11. The method of claim 1, wherein the base oil-insoluble material is selected
from the group consisting of natural soot, synthetic soot, varnish-forming material, water

and mixtures thereof.
12. The method of claim 6, wherein the polar, base oil-insoluble material is
selected from the group consisting of natural soot, synthetic soot, varnish-forming

material, water and mixtures thereof.

13. The method of claim 11, wherein the base oil-insoluble material is natural or

synthetic soot.

14. The method of claim 13, wherein the synthetic soot is carbon black.
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10 from the group consisting of natural soot, synthetic soot,
varnish-forming material, water and mixtures thereof. 12. The method of
claim 6, wherein the polar, base oil-insoluble material is selected from the
group consisting of natural soot, synthetic soot, varnish-forming ‘15
material, water and mixtures thereof. 13. The method of claim 11, wherein
the base oil-insoluble. material is natural or synthetic soot. 20 14. The
method pfchaim s mhegrein theswnthetic sootiscarhenikiagsedmib.
The method of claim 1, wherein the step of measuring the dispersancy
perReHRANAHCE O asPIsavMPacompicRs appiviedo.a rearagtive piece of a
chromatographic material at least one spot of each sample, permitting the
chrepRtdgraiuie nitercoacRALiCHNGS! BTRashiINng e, puieidiamiiepof wadthte
ring and an inner diameter of 5 each ring, calculating a ratio of inner
intdliametaritordigte raiamete afontire dingstandf ealbwlagingdlispensadeyneter of
performance data based upon the ratios for the rings. 16. The method of
eacblaing, X5 awvhéerain thewsiémoémieastisng thecodiemdianietérofingashding
and the inner diameter of each ring comprises transmitting a light through
caltigatinpOdéapdrebaky arrbgoithe dirdamstbgpaphie matsrial. hyrifae method
of claim 1, wherein the step of measuring the dispersancy performance of
each sample comprises dividing the sample into first and second portions,
adding a predetermined amount of water to the second portion, applying
to rebqaeﬁgvéwfgﬁé&ééa@fld b ss fraprRr HhaR I iae (s uisretaaies of
of each of the first and second Po_rtions of sample, heating selected spots
ea%%*ﬁﬁé@e@@rh’?ﬁ%&%ﬁé@iﬁ?é fging comprises transmitting a light through light

and dark areas of the chromatographic material.

17. The method of claim 1, wherein the step of measuring the dispersancy
performance of each sample comprises dividing the sample into first and second portions,
adding a predetermined amount of water to the second portion, applying to respective
pieces of a chromatographic material at least three spots of each of the first and second
portions of sample, heating selected spots to a predetermined temperature for a
predetermined period of time, permitting the spots to elute into concentric rings,
measuring an outer diameter of each ring and an inner diameter of each ring, calculating a
ratio of inner diameter to outer diameter for the rings and calculating dispersancy

performance data based upon the ratios for the rings.

18. The method of claim 135, wherein the chromatographic material is filter paper.
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predetermined period of time, permitting the spots to elute into concentric
rings, measuring an outer diameter of each ring and an inner diameter of
each ring, calculating a ratio of inner diameter to outer diameter for the
rings and calculating dispersancy 20 performance data based upon the
ratios for the rings. 18. The method of claim 15, wherein the
chromatographic material is filter paper. 36 19. The method of claim 1,
whereinthe HicaENa ath QO MRASIHAASRBHYESRAVE c AN QhkPles have
more than about 50 ml. 20. The method of claim 1, wherein the lubricating
a vol:eRBPASIRR-SamMPIBSaen> a volume of no more than about 20 ml.
21. The method of claim 1, wherein the lubricating oil composition
samples have a volume of no more than about 15 ml. 10 22. The method
of claim 1, wherein the lubricating oil composition samples have a volume
of ng nase ham APOHLAA M. &3 NS PR 0 S b FUNSH camplcs have
comprising the step of ﬁomdgenlzmg e samp? prior measunn’gj; the
avgié&%fﬁﬁ&%%‘i%@% 2365#54 The method of claim 23, wherein the
step of homogenizing the samples is performed by mechanical stirring.
25. The method of claim 23, wherein the step of homogenizing samples is
20 performed by ultrasonic agitation. 37 26. The method of claim 1,

whesginthe SR Al aoMatERIY QLRIIEAG B i1 composition samples have

a volume of no more than about 15 mb.

22. The method of claim |, wherein the lubricating oil composition samples have

a volume of no more than about 10 ml.

23. The method of claim 1, further comprising the step of homogenizing the

samples prior to measuring the dispersancy performance.

24. The method of claim 23, wherein the step of homogenizing the samples is

performed by mechanical stirring.

25. The method of claim 23, wherein the step of homogenizing samples is

performed by ultrasonic agitation.
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results of step (b) comprises converting the dispersancy performance data
of step (b) into a digital signal and sending the digital signal to a
microprocessor. 5 27. The method of claim 1, further comprising the steps
of compiling the dispersancy performance data sent to the
microprocessor in an electronically stored database and constructing
therefrom a combinatorial lubricating oil composition library. 28. The

methed gl Sl ok yersin e alieant onp tebueatinch il addigyg uhthe the

further comprises a diluent oil. 29. A high throughput system for Screening

reslHRIFANLNESTESMANES, WISk RS 9o ATLERANA). [SOTIRASING daha PiRIIRY Bio
test receptacles, each receptacle containing a different lubricating 15 oll

a JROMPROSIPMaaNHIR CABRIISA0S th A [ aiekaapuniedat least one base oil
of lubricating viscosity, (ii) a minor amount of at least one lubricating oil
additive, and (iii) a predetermined amount of a base oil-insoluble material;
b) receptacle moving means for individually positioning the test

receptadiesitedotestingisiat dn-for meastserpan atgispersapityig the
performance of the respective sample; and 20 c) means for measuring
disthesdispetsaney perthnmsacecahtheisamplessothie testingrstatiaily toabdain
dispersancy performance data associated with the sample and for
datptesfardingntie disgetsaricynpe dorhaate idbtabtocatiogmp utenpontikol Bbr 38.
30. The system of claim 29, wherein the receptacle moving means
comprises a movable carriage. 31. The system of claim 29, wherein the
receptacle moving means comprises a 5 robotic assembly having a

movabld bermegragraspitignanay hssiingaasdestondmdivientalg oil additive

further comprises a diluent oil.

29. A high throughput system for screening lubricant performance, under
program control, comprising:

a) a plurality of test receptacles, each receptacle containing a different lubricating
oil composition sample comprising: (i) a major amount of at least one base oil of
lubricating viscosity, (ii) a minor amount of at least one lubricating oil additive, and (iii)
a predetermined amount of a basé oil-insoluble material;

b) receptacle moving means for individuaily positioning the test receptacles in a
testing station for measurement of dispersancy performance of the respective sample; and

¢) means for measuring the dispersancy performance of the sample in the testing
station to obtain dispersancy performance data associated with the sample and for

transferring the dispersancy performance data to a computer controller.
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receptacle. 32. The system of claim 29, wherein the receptacle moving
means comprises means for agitating the test receptacles. 10 33. The
system of claim 29, wherein each test receptacle has a bar code affixed to
an outer surface thereof. 34. The system of claim 33, further comprising a
bar code reader. 15 35. The system of claim 29, wherein the base oil of
lubricating viscosity is a natural or synthetic oil. 36. The system of claim

29, wherain e ot leask e ubricaing AL addilven R 2 srisrled figmdoe

group consisting of antioxidants, anti-wear agents, detergents, rust
molHHRIQFSdehazing agents, demulsifying agents, metal deactivating
agents, friction modifiers, pour point depressants, antifoaming agents,
co-solvents, package 39 compatibilisers, corrosion-inhibitors, ashless
dispersants, dyes, extreme pressure agents and mixtures thereof. 37.

The3ystems9telaior 2Rinvhereindon atdeastpngd uhrieating aik addipivecisa
an 5 ashlers dispersant. 40
robotic assembly having a movable arm for grasping and moving a selected individual

receptacle.

32. The system of claim 29, wherein the receptacle moving means comprises

means for agitating the test receptacles.

33. The system of claim 29, wherein each test receptacie has a bar code affixed to

an outer surface thereof.

34, The system of claim 33, further comprising a bar code reader.

35. The system of claim 29, wherein the base oil of lubricating viscosity is a

natural or synthetic oil.

36. The system of claim 29, wherein the at least one lubricating oil additive is
selected from the group consisting of antioxidants, anti-wear agents, detergents, rust
inhibitors, dehazing agents, demulsifying agents, metal deactivating agents, friction

modifiers, pour point depressants, antifoaming agents, co-solvents, package
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compatibilisers, cotrosion-inhibitors, ashless dispersants, dyes, extreme pressure agents

and mixtures thereof.

37. The system of claim 29, wherein the at least one lubricating oil additive is an

5  ashless dispersant.
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