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[0002] Lubricant, grease and industrial fluid formulation research has long
been acknowledged as a combination of art and science. Formulation research
presents a nearly overwhelming number of variables for each possible applica-
tion. Even within a given application area, a wide variety of base fluids may be
used. For instance, base fluids are produced to meet required specifications.
These base oils are classified by the American Petroleum Institute (API) as
Group I, Group II, Group III, Group IV and Group V, which designate para-
metric boundaries for viscosity index, sulfur content, amount of non-paraffins
and the like. However, the actual chemical composition of a base oil that meets

a specific API group criteria may vary significantly from base oil to base oil.

[0003] Compounding these issues are the vast variety of chemical additives
which have become necessary components in today's modern lubricants. For

example, lubricants commonly include additives for corrosion control, metal
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scale engine conditions. These tests are time consuming and costly.

[0005]  Lubricant researchers often employ a number of lowest-common-
denominator bench tests to attempt to predict how a lubricant would fare in real-
world conditions. Such bench tests are designed to provide in a laboratory
environment a measure of a property or performance feature of a lubricant
sample. The researcher attempts to use the bench test to make a laboratory
model of the conditions of actual engines or equipment. Usually, the scope of

the bench tests is limited to attempting to re-create one specific aspect of the
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lubricant oil or grease specifications.

[0007]  These tests too often show poor correlation to real-world results.
Since these tests tend to investigate along a single dimension, they limit
opportunities to discover positive or negative chemical interactions. Moreover,
it is difficult, if not impossible, to determine which combination of tests, if any,
would predict a binary pass/fail result for any specific OEM's end-use test.
These tests would most likely not give a graduated view of which base oils,

additives or formulations would better pass a given OEM end-use test.

[0008]  The present invention addresses these, and many other issues.
Specifically, the present invention provides a method to determine which

laboratory scale tests are predictive of real-world results or OEM end-use tests.
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[0010] One embodiment of the present invention employs pattern
recognition-based modeling to guide adaptive learning systems to derive
correlative models by learning from data. The present invention's use of
iterative learning leads to converged functional classifications and/or

correlations between independent and dependent variables.

[0011] Throughout this application, the inventors use of the word lubricant
(or its derivatives) also refers to lubricants, greases, and various types of

functional fluids (and their respective derivatives).

[0012]  The current state of the art for the formulation of lubricants requires
extensive formulator experience to select the optimum combination of additives

and base stocks. The possible combinatorial space is quite large consisting of
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expensive large-scale testing confines experimentation more often to the limited
known-formulation performance, and it is likely that opportunities for step-out
improvements in formulation technology for lubricants, functional fluids or

greases are not captured.

[0014]  The introduction of intermediate bench tests to lubricant formulation
research can further complicate the process. Lubricant bench-tests attempt to
mimic essential portions of the engine's or industrial equipment's operation,
usually limiting themselves to a single dimension (e.g. acid value increase in a
stability test at certain temperature. For example, engines may vary significantly

within a product category (commercial, personal vehicle, aviation, marine or
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oppéitudty & dpAP%igh throughput techniques to lubricant research.
Researchers have traditionally attempted to use a series of bench tests to deter-
mine the potential perfofmance of a formulated lubricant, functional fluid or
grease candidate in end-use tests. Commonly used bench tests include wear,
viscosity, thermal and oxidative stability, deposit control, elastomer compati-
bility, filterability, friction, volatility, foam and air release, corrosion and rust,
miscibility, solubility and homogeneity and visual appearance. However, these
bench tests were seldom adaptable to producing large amounts of data in short
periods of time as they often required large lubricant sample volumes, long tést
times, severe test conditions or combinations of all three. Even if one could

casily adapt these bench tests to produce large volumes of data in a short period
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[0021]  Figure 10 presents three graphical representations of the tfol vs. the
tfo5 test vs. the VWTDI2 test (on the z-axis). Each individual graph has
overlays showing the predictive models provided by either linear or non-linear

correlation functions.

[0022]  Figure 11 is a representation of a mechanistic model for the formation

of sludge, varnish and deposit formation in lubricants.

[0023]  Figure 12 graphically depicts the predictive capability of the fresh-oil
and Catalytic Oxidation Test aged oil models to the VWTDi2 End-use test.

[0024]  Figure 13 is a component drawing demonstrating the interconnection

of many of the derived intermediate tests in a single apparatus.
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selecting an Elemental Set of Intermediate Tests having a plurality of

members;

obtaining from said selected Elemental Set of Intermediate Tests, a set of

Intermediate Test Results; and

subjecting the Intermediate Test Results, individually or in combination,
to regression analysis to determine which of the members of the Elemental Set
of Intermediate Tests is predictive of the Elemental Set of End-Use Test Results
for the Elemental Set of Samples.

[0026] The present invention is directed to a method that determines the
necessary and sufficient tests to relate intermediate tests to final end-use

qualifying tests for lubricants.
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1. Wear
Friction
Viscosity
Oxidative Stability
Thermal Stability
Sludge, varnish and deposit formation

Elastomer compatibility

Volatility
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Corrosion and Rust

. Miscibility or solubility
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. Visual appearance
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. Chemical Composition (Polarity)
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. Soot Formation
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. Storage Stability



5. Thermal Stability 6. Sludge, varnish and deposit

formation 7. Elastonmer conpatibility 8. Volatility 9.
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Vi sual appearance 12. Chem cal Conposition (Polarity)

13. Scuffing 14. Acidity IncrEase 15. Soot Formation

16. Storage Stabilityl7. Hydrolytic Stability 18.
~Color-Light Stability 19. Low Tenperature Fluidity 20.

Denul g biydrelytie Stalsitiy si bility 22. Foam Formation 23.

Air trai nnen 4. .Acute Toxicity and then determ nes
whi ¢ 'oﬁahwgﬁ’éhéﬁ@myor functional comnbinations
t her eef L CEie: some ot her desired
resuF?’(%)OW?g%gﬁt@%Fgﬁloﬁer enbodi nent, the present
i nvep) Denigbidiley & method to determne "step-out”
formul ations or additives fromknown usef ul
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DESCRI PTI ON OF THE | NVENTI ON

22. Foam Formation

23. Air Entrainment

24. Acute Toxicity

and then determines which of those tests (or functional combinations thereof) are

predictive of some other desired result(s).

[0031] In another embodiment, the present invention relates a method to
determine "step-out" formulations or additives from known useful intermediate

tests and end-use results.

DETAILED DESCRIPTION OF THE INVENTION

[0032]  The present invention provides a techniques developed to rapidly
produce and evaluate lubricant candidates to determine their probable success in
bench testing, and end-use engine or equipment testing. One feature of the
present invention is a method that determines which types of intermediate tests
correlate to specific end-use qualifying tests. More specifically, the present
invention provides a method to determine those tests which, having been shown
capable to be used in a high-throughput environment, are able to predict end-use
qualification test results for lubricants. A second feature of the present invention
is that it provides a method to combine historical or new bench test data and
select combinations of bench tests that are predictive of specific end-use

lubricant qualification tests.

[0033] A third feature of the present invention is that once appropriate

intermediate tests are selected, mathematical models and variable selection
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R B RIS Pl s & htberiol B ety Stucdl
Samples\we @dpodhentd)t Por example, in one embodiment of the present
invention, the candidate samples and their formulations would constitute the
"Sample" Elemental Set. How each of those samples performed on the end-use
qualifying tests would populate the "End-use Results" Elemental Set. The
members of the "End-use Results" Elemental Set may include a simple pass/fail
determination of the end-use qualifying test or may give more detailed indica-
tions of the quality of passing the test. The present invention applies equally

well in either situation.

[0036]  Once these known inputs are selected for the Samples Elemental Set
and End-Use Results Elemental Set, a set of intermediate tests is chosen to form

the Intermediate Tests Elemental Set. While this choice could be made
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Set, the better the predictive results of the method.

[0039]  Once an Elemental Set of Intermediate Tests has been selected, those
intermediate tests are run on each sample. These results are then analyzed using
any variety of modeling techniques. Some simple non-limiting examples of
modeling techniques include generalized linear regressions such as multiple
linear regression, principal components, ridge regression, each of which is
encompassed by this invention. For more complex data sets non-linear
regression techniques such as neural networks may be employed. One of
ordinary skill in the art is well aware of other modeling techniques that could

easily be employed with the presént invention.
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enpl oyed with the present invention.[0040] The
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Performance = F(XA) = F(X1A x2°A, "X3A X'A) "G FError
II{'[WJI@T@F%S{[ pergroed enrSemple HAf hiée ¢ is the mBehber ot'; éhe End User

- of - ' [ iQn is, e.qg., . e <
TE&%(le&fentatl sle’cf co%g’sspbplgingtbtsgmp?e "A", and lgo is the pass/fail
threshold. For such a model, there exists a subspace, or region, in the (xl, X%, x°,
., X7) “space” (the space of Intermediate Tests results) that maps, through the
function F, to the passing criteria. This can be extended to multiple criteria by
choosing different values of Fy, thereby creating different boundaries in the

Intermediate Test Space which delimit different levels of lubricant performance.

[0041]  As more criteria levels are added, in the limit, all known regression
models are a subset of this generalized boundary-based classification approach.
As non-limiting examples, Principal Component Regression, Multiple Linear
Regressions and Neural Net Regressions fit into this model. One embodiment of
the present invention uses a back propagating neural net. Back-propagation (or
"backprop") neural nets are comprised of inter-connected simulated neurons. A
neuron is an entity capable of receiving and sending signals and is simulated by
software algorithms on a computer. Each simulated neuron (i) receives signals

from other neurons, (ii) combines these signals, (iii) transforms this signal and
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map to the End Use Test for the Second Sample to an acceptable error level, then
weights are applied to each coefficient and the process is repeated until
coefficients are determined that produce an acceptable error level for both
samples. This process ié continued until a mapping function is determined that
produces an acceptable level of error between all Intermediate Tests and their

respective End Use Test Results.

[0044]  The “information content™ of the net is embodied in the set of all these
weights that, together with the net structure, constitute the model generated by
the net. The back-prop net has information flowing in the forward direction in
the prediction mode and back-propagated error corrections in the learning mode.
Such nets are organized into layers of neurons. Connections are made between

neurons of adjacent layers: a neuron is connected so as to receive signals from
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the input layer. The neurons in the hidden layer individually sum up the signals
they receive together with a weighted signal from the bias neuron, transform this

sum, and then transmit the result to each of the neurons in the next layer.

[0047]  Ultimately, the neurons in the output layer receive weighted signals
from neurons in the penultimate layer and the bias, sum the signals, and emit the
transformed sums as output from the net. The net is trained by adjusting the
weights in order to minimize errors. In the learning (or training) mode, the net is
supplied with sets of data comprised of values of input variables and correspond-
ing target outcomes. The weights for each connection are initially randomized.
During the training process, the errors (which are the differences between the

actual output from the net and the desired target outcomes) are propagated back-
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vector represents the results of selected intermediate tests on a single Sample,
so'metimes known as a "calibration set" or "training set") to the corresponding
engine test results. Then, future bench test screener result vectors Xp (where X,
is the results of the intermediate tests on a previously unknown Sample, X, is
sometimes known as the "prediction set") can be tested with the neural network
function F, against the F,, threshold. Some will “pass”, some will “fail” the

neural network model.

[0050] Tt is possible to create a map of the pass/fail regions by using regres-
sion techniques. For example, one way of implementing this, is to “run” large

numbers of simulated X, (i.e., a universe of Sample or Component Sets) vectors,
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a map of the pass/f al | regions by using regr
power. These approaches typically attempt to find a fixed number of variables,
e.g., n, and try the regression, or classification, in all possible combinations of
the original available, measured variables. For example, if 10 screener test
results are available, and a model with just 5 variables is desired, it is possible to
try combinations [12345],[12346],[12347],..[123410],... all the way
until [6 7 8 9 10], for a total of 30240 regressions. In a typical 3.2 GHz Pentium

4 machine, that calculation can be completed in just 30 seconds.

[0053] For larger data sets, while it is possible to somewhat optimize the APC
algorithms, there are numerous strategies to identify ideal combinations of
predictive variables. For example, a forward step-wise methodology
sequentially selects variables one at a time, according to their incremental
classification, or prediction value. For example, if there were ten available Inter-

mediate Tests (per sample), this method would first identify the best predictor of
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order to identify potentially high performing regions where further experimenta-
tion may yield valuable discovery. The GA suggests input parameters (or
intermediate parameters) to the neural net models(s), which in turn, predict the
performance of these suggestions. Iterative feedback of these predictions to the
GA lead to the “evolution” of sets of parameters that correspond to predicted

performance in the desired target range.

[0056]  This is more fully explained by the following prophetic example.
Imagine that for a number of Samples, we have 100,000 Intermediate Tests, each
with their own result of each Sample. As before, we will employ the convention

that X" represents the n™ Intermediate Test Result on Sample A. The GA,
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[0058] It is clear that the present invention is not limited to just neural

network models, but may be applied to any other regression model. Further-
more, the current method has the potential of being more robust than many
regression methods, as a misclassification of one, or even a handful, of results
would not seriously impair the determination of the preferred regions. More-
over, the inventors note that this methodology enables models that are more
parsimonious than that of regression, as it does not force preconceived function
shapes to the relationship between screener tests and the engine and rig test

results.

[0059]  The classification model approach does not significantly limit the

ability to obtain several levels of performance out of a model. The present
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At very low concentrations of the extreme pressure (EP) additive, there is

significant and unacceptable wear. At high concentrations, the wear rate is
unacceptable due to chemical wear. Thus, a non-linear model would be
necessary to properly understand optimal additive addition to achieve the

minimum wear rate.

[0062]  In formulating a lubricant, the goal is to achieve optimal performance.
To determine the absolute minimum in the test results shown in Figure 3, ideally
one would make multiple blends between 1x10 to 5x10™ mole fraction and test
them in multiple wear tests. This is not feasible using traditional blending and
testing. However, by using methods that produce and test small amounts of a
large numbers of samples, the number of blends and evaluating tests used can be
greatly increased, thus being able to achieve the optimal performance level
desired. Although this optimization may be performed by data mining of

existing formulation databases, one particularly effective embodiment of the
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t he wear e@qe exanpl e shown in Figure 3, a | ow wear
rate is d S At very | ow concentrations of the
extreme pressure (EP) additive, there is
P wﬁereln sag('iz' 3rst member of each set is not the same as said
second member of each set;
c. Selecting a universe of intermediate tests that may contain appropriate

members of said Elemental Set of Intermediate Tests;

d. Performing one or more of said intermediate tests upon at least two
members of said Elemental Set of Samples;

e. Determining said predictive member or members of said Elemental
Set of Intermediate Tests by using a predictive model;

f. Optionally, refining said predictive members of said Elemental Set of

Intermediate Tests using a variable selection algorithm.



significant and unacceptable wear. At high
concentrations, the wear rate is unacceptable due to

W@ hb@mooahd wear. Thus, a non-l|inear nodel woul dP@EUS2006/029335
necessary to properly understand optinmal additive
addition to achieve the mnir@dn wear rate. [0062] In
formulating a lubricant, the goal is to achieve

j,mal per .. To deternine the absol i ni
6Te. (B8R0 el BRbdisngumn erpresepseveationds amsthorldo determine
: ' ds. b | x, 10 4. to 5x1 0 4
R R bR o8l SRR ST el b Sty predicr

Bitd-gis¢ Teaqtesﬁlﬂa&‘bzblu%riléaht@,go&ﬁgﬂi;ig,' onal bl endi ng and
testing. However, by using netho t hat produce and

t est t | ar nu rs- of, sanpl es, the
numbes S Brn e HebefoCPRieeed; Sotod Syt Guch that cach
gr eat | ynienshepaseks EldmisntRES {1 :

opti mal performance | evg?%g%f%ggﬁlgf?ﬁ%%&ﬁyﬁht%&@)eassomated
opt i m zareibrersiiythedE lperchtal 1Sed oBInteiahedinieTadyts &fd at least one
exi sting fornu) ati on databases, one particularly

ef fect | 0@%‘6%@%@%@ st thenlelementaltSet of Endiuse Egspd. i es

hi gh-t hr oughput nethods to create and/or test

| ubr ibc akiredibrgmdvamemberafpl the ElSinental Seodfiitb@Redihte Tests by
these nethods to lubricant research is only nade
f easi bl ¥IERINGROMBNAGORT (\funetianad combinations hofsdid ahleast
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corr espongi'sq to a first nenber of said El enental Set of
Sanpl ePregisiive member(s) of the Elemental Set of Intermediate Tests.

d. Optionally, refining the members (or relationship of the members) of
the Elemental Set of Intermediate Tests using a variable selection

algorithm.

This embodiment of the current invention is illustrated by the following

Example.

Example 1

[0065]  Various bench tests, known as the Mobil Thin-Film Oxidation Tests
("tfo"), were conducted on various lubricant samples. The test was developed to
permit the study of controlled oxidation and deposit formation under high
temperature, short contact time conditions. The test oil is subjected to oxidizing

conditions as a thin dynamic film passing over a rotating aluminum disk, which
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s@ﬁfheﬁfto the surface of the oil film through a line and an air pump. The air
supply is purified by a series of adsorbents before entering the reaction zone. A
further description of the testing are described in SAE Technical Paper 851797,
"Development of a High Temperature Jet Engine Oil - Laboratory and Field

Evaluation".

[0067]  For grading, the disks are radially divided into 6 equal sections and
then each section is visually assigned a rating. Thus, the tfol test is the rating
for the innermost section, the tfo2 is for the next outer band, etc. Each band is
provided a visual rating‘from 0 to 100, with 100 being the cleanest. A visual
rating of 0 would indicate heavy black deposits. A rating of 25 would be given
to an area that exhibited medium-dense opaque brown or black deposits. A
rating of 50 would be given to indicate semi-transparent brown deposits. A
rating of 75 indicates transparent yellow-brown deposit. A rating of 100
indicates a clean, shiny surface. Ratings may be interpolated as necessary to

capture a correct visual picture of the rated area. If a rated area exhibits more
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consigingnfrthe sesudtsafssiiot bench fest on the X-axis, a second bench test
on the Y-Axis, and the results of the VWTDi2 engine test on the Z-Axis. For

example, for the first of the set of Intermediate Tests, the results of the tfol test

were plotted against the results of the tfo2 test and the VWTDi2 engine test.
Likewise for the second of the set of Intermediate Tests, the results of the tfol
test were plotted against the results of the tfo3 test and the VWTDi2 engine test.

This was continued until all possible two-space combinations were created.

[0070]  The inventors then modeled each of a set of Intermediate Tests (and
combinations thereof), using a Linear Discriminate Analysis Cluster Method, to
determine which test(s), or combination of tests, exhibited the best predictive
ability to the End-use qualifying Test. The inventors were quite surprised to find
that a combination of two intermediate tests, tfol and tfoS5, each non-predictive

by itself, was predictive in their combination.
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to an n+m-1 dimensional space where n represents the number of original bench
tests and m represents the original number of end-use qualifying tests. Thus, in |
this case, there are 6 original intermediate tests (tfol to tfo6) and one original
end-use qualifying test (the VWTDIi2 engine test) allows for a maximum of a 6

dimensional space (5 bench tests and the VWTDIi2 engine test) for modeling.

Example 2

[0073]  This method of the current invention as described in paragraph [0063]
is illustrated by the following example. The inventors employed the described
inventive methods to determine a formulation's component sensitivity toward the
results of the same WTDi2 engine test as described in the previous example.

The results from the VWTDi2 engine test were chosen as the Elemental Set of



test. Enploying the above enbodi nent of the present
invention, the inventors created a uni verse of
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examined the relationship between the input sample sets and engine test
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performance.

[0076]  Sludge, varnish and deposits can be considered to be an extension of
oxidation and along with viscosity and volatility changes are a consequence of
the molecular changes that occur in the lube as it is subjected to heat, oxygen,
combustion and the engine environment in general. The inventors considered
from the literature possible mechanisms of the molecular changes expected to
occur in the formation of sludge, varnish and deposits. Reviewing the literature,
the inventors developed a suggested mechanistic model for the formation of

sludge, varnish and deposits. Figure 11 depicts this mechanistic model. Using



techni que further refining the accuracy of the

conbined tfol and tfo5 predictive nodel. [0072] One of
woee@rnasy skill in the art realizes that thesePCT/US2006/029335

conbi nations that formthe universe of nmenbers of the

El enental Set of |nternedi ate2Mests need not be

one-to-one, or indeed even linear. Also it is clear

that these conbi nations do not have to be limted to a

tbiimmbéels thii imvesiosh identifiedenoloaular laveb messpraswenipnealedras

@E%‘e qra SOR AP P iy 1EfHga3% S ECORPStion ol shudgeramish
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%lwaﬁg@s &Yl PdtkqeafbetTahd H)lédulhnehan g@& thet R8cur in the

engine test) aI lows for a maxi num o
ldberas i is vabjespackeat,50xy@enhcdmbisticnnahd the evgia éh\&ﬁgilmt in
test) for nodeling. Exanple 2 [0073] This nethod of
gwerdurrent invention as described in paragraph [0063]
is illustrated by the foll owi ng exanple. The inventors

mybfyefrhte hfedi@afht Besivh mggrefq 1TRMREE IR Jﬂ)%ﬁ gLmine

mul ati on"s conponent senhsitivity towar

fuestibiaditiel (b mbrdifddl ahdenghneati@starasiddes ¢ tHeeldbtibant
the previous exanple. The results fromthe VWWD2

féﬂ’@ﬂh]@ reswltingan @ chiangein ds mdlecufeweightl ASshe e times ¢he
BB AR T o 3
f |
0 B, 0600 LT o0 Ay B
deeigin antl ichetnhigti-y okﬂﬁ\/‘ﬁlbﬁlﬁlﬂ IeHe thBEha@th setvellas Tha/BAEs to

varni sh and deposits formation were considered
identify s odintermpdists hiests tat v fibdRtivesif. th8&ndusse Tdst

hi i on [ ors determ ned two separate
%Sé‘ﬁtévn‘f’ HCB%‘?QSE’B él%?%i a fresh oil set and an

aged Catalytic Oxidation Test oil set (which
[007 d]es PPRERAES Wdie r{u'i 8aM 1%ampI8S, anAYhe P&%lt@% és‘}grrqvki)cée in

oxi di zed by the Catalytic Oxidation Test as
TabldJSPI\I}:uﬁﬂme@ &fodedhivete developed using the methods set out by J.
Leonard & M. A. Kramer, Computers and Chemical Engineering, v. 14, # 3, pp.
337-341, 1990, combined with the following cross-validation methodology. As
there were 22 samples for which engine performance data were available, 22
different models (constructed with identical architecture) were developed for
each of the two cases, i.e., for used and fresh oil properties, using 21 data points
(One sample was not included in each run) for training each model and
validating each model with the remaining datum. The training process for each
of these models was terminated when the prediction error on the validation
datum was minimized. The final models were then trained on all 22 data, to
ensure that the training process did not extend beyond the point where the

convergence exceeded the level dictated by the average validation error. This

final process prevents over-fitting the data.



I's hereby incorporated by reference). Both of these

El enental Sets of Sanples would point to the sane
wek@mensed Set of End- Use Results, thus all ow Pgr/i82006029335

uni que set of Internediate Tests to be devel oped for

each of the Elenental Set of -Zanpl es. [0075] To
determ ne a possible universe of Internedi ate Tests

(R0} 1 L %5 Bk ks Prackeisd e f05the WHE TDI2 tests was
- f ' f . varnis
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sl udge, varni sh and deposits. Secon the 1nventors
thataeAnnetibe kesilyeteptochestiberd eHowenet, ingntho e migphes of the

d [ t est f ormance. [0076] Sl udge,
PR R ParHeRlT 6 G T4t SUBPHIGSbinc bR de lubeas Beimahnets may be

XLRpson of oxidation and along with viscosity and
voFg)?)i Pity changes are a consequence of the nol ecul ar

changes that occur in the lube as it is subjected to

[0@84], oKy hesearhri niety) tfse ifiVehtSRALARZ RN M OB arkd
general . The inventors considered fromthe literature

ghoarings ef mecoriginalbaropletBlementad St aoulclttwqgeﬁioeingexftthd VW
TERAGR e BanRak RO erounani & Catalulie kbadatsm Test aged
i SYLG : r_the
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g o] Ve . . _
mventor o L et e ot e Ao R Wibherty! aminc)
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environnent in general. [0077] The nechanisms in
oftheatalyticdonisiation Jiessageshwiter t ai n
[0081]  The actual VW TDi2 test result for each sample was collected and is
presented as Table 3. These actual test results were compared to the predicted
values for both the fresh oil and Catalytic Oxidation Test aged oil groups.
Figure 12 demonstrates that both neural net models (the predicted values for the
fresh and Catalytic Oxidation Test aged oil sets) accurately predict the pass/fail
parameters of the actual VW TDi2 engine test data. Specifically, this figure
shows that for the fresh oil model, the neural net equations correctly predicted a
pass or failure (a value of greater than or less than 60, respectively). This figure
also demonstrates that the Catalytic Oxidation Test aged oil neural net model
was almost as good, making a correct prediction 75% of the time. As can be seen
from this example, once the Elemental Set of Intermediate Tests is established

and correlated to the End-use qualifying test results, the present invention allows



functionalities (oxygen, nitrogen and unsaturation)
are added to the lubricant nolecule resulting in a
webange3dn its nol ecul ar weight. At the sane tPOEDUS1006029335
antioxidants in the lubricant are being depleted. The
conbi nati on of these two fact¥s results in changes in
polarity, particulate content, solubility, surface
activity and chem stry of the lubricant. The nechani sm
aertpcschetelydesamkaoria samnles foydeterseinedheir abiityrdelpatsahe
%{fts th are%{edl ctive of the End-use Test Results,
“BHC it lﬁyln%ﬁ S n Table 1. [0078] These tests were
run on 2 1 sanples, and the results are provided in

[0682F 2In higsthat eﬁ@bdﬁﬂ&ﬁ'o‘ftﬁ‘@bﬁés@ﬁbﬁ%‘v@ﬂﬁ&l lhsédbgett df8he
met hods set out by J . Leonard & M A

1Mbatmfstharﬂhd€hmmwéﬂfyﬁggiaﬁemayr@ used tdzlésta#h@h thepmembers
% :él 19g combined. with the foll ow ng
e Elrhenial Seioef W&rﬁwﬁ%&yst%@w@&@swms grengstabdished
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atibyihg %éﬂ rr@&ult@@do%lcﬂsy 8bQPRAbkalct %ﬁﬁ%oﬁgn{snﬁtﬁé‘ﬁiembers of

cases, i.e., for used and fresh oi roperties, usin

the ElezlnemtabﬁemfsSE(rﬁpless &lopiponeas predictions| csdédibé maleWecause
t{)@ H’ff for trajni n% each nodel and validating each nodel

fergat pestigns |00I é?%mntmr%t of énﬁgm\:gdi@tm h@&ts wiasld become
iiRGHe8! pb SRR eBRAGE b s h bR Ru R aifaRpmarhis method

cBlipr¥eéed. The final nodels were then trained on all
22 ‘data, to ensure that the training process did not

he. NovEPHA: & TneRpoG e 6 i ERY AR et Teos

This fi ﬁ‘ﬁh% Brsﬂﬁﬁétsofﬁﬁ&iﬂﬁé}%%f‘q‘{@Elérhéﬁthf‘getlcgfaalgd yse test 1 results

data. [ 0079] Using these neural nets, a pre

for theas\irTihe ndthed of paragetphel00ssll for each menber of
the sanmple set. As one of ordinary skill in the art

knows, DBfinip! telméabedlorR&ubsé oF the @&5&%&8@6@&& use test
set of code instructions that cannot be easi

r epr odursdlthtiae werbnetesed tosstaplishehd mh’(be@lsléﬁthéfEltehﬁntal
above para ra h on the data supplied in Table 2, the

same nedRtal Intrmediaje Bgsts.

3. Using a predictive model on at least two members of the Elemental
Set of Intermediate Tests and at least two members of the unused
subset of the Elemental Set of End-use results to determine the more

predictive members of the Elemental Set of Intermediate tests.

4. Optionally, refining the members of the Elemental Set of Intermediate

Tests using a variable selection algorithm.

Example 3

[0083]  Divide the members of the Elemental Set of End-use test results into
at least two subsets. The first subset would include all members in which the

End-use qualifying test was barely passed. The second set would include all



devel oped. [0080] Fromthese neural nets, these

inventors realized that two separate groupings of the
w@cedogionah9 Sanpl e El enmental Set coul d be predi ceCwESING6/029335

the VWTD 2 end-use test result: a fresh oil group and

a Catalytic Oxidation Test agé®¥-oil group. In the

fresh oil group, the neural net identified the
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roup]s. Figure 12 denonstrates that both neural net
ﬁ%@iﬁ(the predi cted values for the fresh and
Catal ytic Oxidation Test aged oil sets) accurately
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[0085]  Another embodiment of the present invention is a method for deter-
mining the relationship between a set of Intermediate tests and a set of End-use

tests for lubricant samples comprising:

1. For each sample, a means for producing results from at least two tests
selected from the group consisting of:
i.  Wear Resistance
ii.  Friction Reduction
iii. Thermal Stability
iv.  Oxidative Stability
v.  Elastomer Compatibility

vi.  Viscosity



menbers of the End-use qualifying data may be used to
establish the nenbers of the Elenental Set of

WO pogonsod at e Tests. Once those nenbers are esPEbUSRh€29335
to the desired | evel of confidence, the remai nder of
t he subset of End-use qualifyBhg test results could be
used to predict conponents of the nenbers of the
El enental Set of Sanples. Conponent predictions could
be nade be¥ihus¥OldBItY f f er ent portions of the
El emrental Set n.terIEnedi ate Tests woul d becone

f 1
i mpor t ant W-a@f”?f8§18ﬂu%ﬁ§%°%etmen t he End- use
menbers. Thi s Weﬂ%sﬁ‘%ﬁﬁéﬁses; 1. Defining the
tal Se

menbers of the El enen t of Internediate Tests
usi ng a subsetMifcibitpers of the El emental Set of

End-use test results as per the nmethod of paragraph
[0053] . 2.xiDef VisuahAppeamsebers of a subset of the

El enent al Set End-use test results that were not
used to es¥1ébleéﬂnf%%ﬂ§§ﬂ%°‘bf the El emental Set of

I nter medi at;& Tgs 3. Using a predictive nodel on at
| east two nenbers of the El enental Set of Internediate

Tests and @, |'Paal Bay®Numise (¥BY) t he unused subset of
the El emental Set of End-use results to determ ne the

mor e predixt.i vEotabAbit Buatber (EAB)enent al Set of
Internediate tests., 4. Qptionally, refining the

menbers of X hepesHEiRanngdiendendias;er nedi at e Tests

using a variable selection algorithm Exanple 3 [0083]

Di vi db ¥itdeastnhe Endeafsetthst rEbhrentredpoSdingio dact-afseid samples;
test results into at | east two subsets. The first

subsed. wanaithlyee letfifodink predieays mdtcldwhbreim §ai§g?eél’i%ﬁve

qualifying test was barely passed. The second s
woul d i AsidgtideterminestseidsrelationshiphbativeeEnaidUatermediate tests

qual i fyi ng t. was strongly passed. Internediate
subset s@ %%‘gs%@'ﬁ%@ﬁ%@qeﬁtséo desired. Using the

menbers of the El enental Set
4. Optionally, a set of algorithms to determine the composition or

components of additional formulated samples determined by
backfitting unknown samples or components that correspond to the

results of the most predictive Intermediate tests.

[0086]  Figure 13 details one possible non-limiting form of this embodiment.
Components (1) are combined at a blending station (3) to create an Elemental
Set of Samples. While the invention allows for any number of candidate
samples (greater than one) to be produced, Figure 13 represents a two-
dimensional array of 60 samples. Sample sizes, if desired, may vary as
appropriate for the test to be performed. As shown in the figure, more than one
array may be produced. Each array is then subjected to at least one test from the
Elemental Set of Intermediate Tests (5) which produces results (7) correspond-
ing to each sample. Such testing may occur simultaneously (in parallel) or in

sequence. While the current embodiment anticipates the desirability of a



of Internediate Tests as described in the above

nmet hod, determ ne which sanples (or which conponents
w@booroiash sanpl es) woul d be associ ated wi t h eaPtT/US2006/029335

subset. The conponents or m xture of conponents,

sel ected by the genetic al gor82hns woul d est abl'i sh the

rel ati onshi p between conponents of sanples which

1t the End- lifying tests to be passed. .
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to verify t'he efticiency the new,

t defoméme thegstdadfractidrhef themuleatiicsvis¢ RAGTLstAARH NEV-VIS tests
enbodi nent of the present invention is a nethod for

te detrmipmaregnatics coarentrasivnh colopendderbidity eOtludr tests could also

.1 nt ' t d a set of End-use tests for
”11“385?5 :@ﬂ'}] ’atgl%fﬁ%lsse‘%ﬁlpt??@i W&Facf f.ng EOPP M TSR [SSts, gust
ifEBfor, QhiiReat YoM andl byl oM, | east two tests
sel| ecte rom’the group consisting of: i . War
Resistance ii. Friction Reduction iii. Thernmal

(8% | | The resulteT )t iplacestinbi ddtalyase or daasstomge device (9)

A" 1&? glttfagrl (:li(;etsyor will contain the results of the Elemental Set of End-use

Tests (11). In this embodiment, the database (9) also contains predictive models
that determine the predictive efficacy of each test in the Elemental Set of Inter-
mediate Tests (5) through a feedback process (13). The predictive models
employed may be any of those herein discussed or any known to one of ordinary
skill in the art. However, one of ordinary skill in the art may easily see that the
software to perform the predictive models may be separated from the database or
indeed each model may be performed in a different and separate manner from

the next.

[0088]  The embodiment in Figure 13 also includes an option feedback loop
(15) which represents the additional genetic algorithms that could be used to
predict unusual or unknown members of the Sample Elemental set as described

in Example 4.

[0089]  Tests known to be useful as members of the Elemental Set of
Intermediate Tests are described below, but are in no way limit the set of

possible tests useful as members of the Elemental Set of Intermediate Tests.



vi. Viscosityvii. Volatility viii. Corrosion

Resi stance i x. Metal Passivation x. Mscibility xi.
wo@aaledfppear ance xii. Chem cal Conposition xPCT/US2006/029335
Acidity xiv. Total Base Nunber (TBN) xv. Total Acid
Nurmber (TAN) xvi. Deposit Forisi-ng Tendencies; 2. At
| east one End-use test result corresponding to each of
said sanples; 3. An anal yzer enploying predictive
nodel s wherein said predictive nodel determ nes said
panesidenoshand Qxidabve Mapdty nt er medi ate tests and said
End-use test or tests; 4. Optionally, a set of )
[2090) i t hrbricants swust exhibit grodemiseidancyrprepertisp ddrbrcants

SRR S bR B A oot spcies
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Conponéents (1) are conbined at a bl ending station (3)

degragedatper fommiEneeremealimsge tThefcapaeity ef a lulkd toeresist oxidation is
o] of .candi dat.e sanpl es

i nvention allows for .any nbe )

celled antipxidansy Br.exidetiVe StaBi Baly Redotipng e lvine Tadicals are the
r i mensi onal array of 60 sanpl es.

@gﬁ‘rﬁ@?@ﬁéggﬁ&#@q‘desi red, may vary as appropriate for

the test to be perforned. As shown in the figure, nore

[08691] on€®hailulaycamtly cheagityaddwoattol Ealital @hemystryisthigipe of anti-

subjected to at | east one test fromthe_ . .
oxidancy or oxidative stability that is measured by the High Pressure Differential

Scanning Calorimetry test (HPDSC). This test essentially measures the amount
of antioxidancy or oxidative stability an oil has for controlling the build up of
free radicals and thus slowing oxidation. Hydroperoxides and organic nitrates
also cause oxidation but they react much differently with the lube than radicals.
The lubricant’s capacity to control hydroperoxide and organic nitrate chemistry
is the second type of antioxidancy or oxidative stability and it is different than
the‘ lubricant’s capacity to control radicals. Antioxidants that control radicals,

hydroperoxides and organic nitrates are all different in their chemistry.

[0092] In conventional lubricant bench tests, antioxidancy is measured by
ASTM tests such as D943, D2272, D2070, D2893, D4636, D5846, and D6514.
These tests do not discriminate between radical control or hydroperoxide and
organic nitrate control. Nor do these tests follow the evolution of basic
oxidation products. Therefore it is difficult to make adjustments in lubricant
chemistry to compensate for lack of antioxidancy or oxidative stability when the

type of chemistry required is not known.

[0093]  The inventors have found that antioxidancy or the oxidative stability

of a lubricant may be determined in a high throughput environment using



El emental Set of Internediate Tests (5) which produces
results (7) correspond ing to each sanple. Such
W e®viongoaay occur sinultaneously (in parall el )CDUS1006/029335
sequence. Wile the current enbodi nent anticipates the
desirability of amechani cal -means to transfer the
sanpl es between tests, any neans, including nmanual,
may be enpl oyed. Standard and non-limting nmenbers of
nidieodd arthnrisHTIRePDSC) midkeT Grdi hichudieg tisest anethbds within the
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(13). The pred| ctive nodel s enpl oyed may be any of
ChgseallTatetioh AnaBuis@@POy any known to one of ordinary
skill in the art. However, one of ordinary skill in
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different and separate manner fromthe next. [0088
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the polar fractions (polarity) of the various molecular types present in the

lubricants. Polarity is also important as it provides another measure of the
oxidative stability of the lubricant. Formulators currently measure polarity using
tests such as ASTM test methods D3328 and D3524. These tests are also
designed to separate volatile components, and therefore are not amenable to the
higher molecular weight nonvolatile fractions. The ASTM D4124 test can
separate the higher molecular weight nonvolatile fractions, but the test was
designed specifically for separating asphalts into four chemically distinct
fractions. Also miniaturized techniques such as HPLC still are inconvenient for

HTE because they take hours to perform.

[0096] The inventors have found a method of determining the polar fractions

of a lubricant by the use of Iatroscan thin layer chromatography. The Iatroscan



predi ct unusual or unknown nenbers of the Sanple

El enental set as described in Exanple 4. [0089] Tests
whp@m1d3e be useful as nenbers of the El enment abC1BE52006/029335

Internedi ate Tests are described below, but are in no

way limt the set of possible3fests useful as nmenbers

of the Elenental Set of Internedi ate

Tests. Anti oxi dancv_and Oxidative Stability [0090]
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anount of ant1 oxi dancy-or oxldative s

Unisg feats wehtas S TROtekh@etiods 26700 DX 788 D3R CBUS 721104304,
t hus sl ow ng oxi dati on. Hydroperoxi des and organic

PP 185tE30R, SB0Fu DS 968 Dat2 drarsliD56P@y Theaimventochhave found
i ff tl ith the, lLube th .adi . Th .
b Sheartedibiples fy pictonERbeling o pemsmaeding HTE
. S . ¢ )
A TR -

Hethiods @nthe dudrent ey dntiioni praides ofdRABIIYMER fR At fofhulator to
radi cals. Antioxidants that control radicals,

angploy dE FBtedwmiquasdo spugeldy evaiupteamettiple domhulatiohs.er ent
in their chemstry. [0092] In conventional |ubricant

) . I OX] cy is neasured by ASTM tests
LG cod ,"H 070, D2893, D4636, D5846, and
. Th t t di j m nate between radi cal
[ng%f ol I-EBI:?rﬁﬁkg Gi‘g ng glgp ggngq{lagg ra{)ou’t making high throughput

measurements of sludge, varnish and deposit formation, insolubles, sediment,

ajp
O

TAN, TBN, chemical analysis, seal swell and the corrosivity of metals.
Formulators currently measure sludge, varnish and deposit formation using
ASTM tests such as D5302, and D4859. Miscibility, insolubles and sediment
measurements are made using ASTM measurements such as D893, D6560, and
D2273. TAN and TBN are measured using ASTM tests such as D94, D664,
D5770, and D5984. Chemical analysis measurements are made using tests such
as ASTM tests D5291, D2622, D5185. Seal swell is measured using tests such
as ASTM test D4289. Similarly, Critical Metal and Copper Corrosion and Rust
inhibition tests are conducted in accordance with tests such as ASTM D2649,

- D4636, D5968, D5969, D6547, D6557 and D6594.



organic nitrate control. Nor do these tests follow the

evol uti on of basic oxidation products. Therefore it is
walpdof7iocashe t o nake adj ustnents in |ubricant cheei/E82006/029335

to conpensate for |ack of antioxidancy or oxidative

stability when the type of clsswi stry required i s not

known. [0093] The inventors have found that

anti oxi dancy or the oxidative stability of a |ubricant
A Qe \adaidlityi ned in a hi gh throughput environnent

usi ngnet hods such as FTIR, PDSC, and TGA. I ncl uding
[0099)e nThosdskiNed hi thetdperceogpize dhattthe NOACKhvolatility of a

provi des techniques for a fornulator to enploy HTE
lulrieanit hae beeame aikenImeasuss ohexpastad ¢naiee peainandcons.

S P L R
WA ASTRE AR dh8R o PEI9s2 dAOD 5800 Ei@?%yer;an% inyentors

ors have found t oxidative stabilit

HAQt digtonetdiamathodab deberaiad s N CKovutetilityussing Purge and
GC/ M5 to neasure the degradation rates of cunene

Thgp &as)Chtenatamphy 4h& TeGRY) Hestynal Kiveymetric-Amalysis (TGA)
These degrada tio tes directly correlate to the .
itiaes Sebcgomstny S5 ERetiding thismSBbidn Bis vy Penigvention

AR S PRSP AL MR s g iy
elvaluatd ﬁhﬂ%p}@f@ﬂrﬂﬂbgoﬁyl tiple fornmul ations. Chenical

Fraction alysis (GPC) [0095] The chemni cal makeup of
t he base oil_ lubricant is critical to the function of
a . Because of this, several methods have

been used to determ ne the fraction of napht henes

[08M0] ar orfelisrostressing adubrisanty thet eedoy ays) turbidityecofipalpbricant are

.oi | f the, L ubri Th f ti b .

{E0OEARS Q1SS AL LN ARG PP AR R de Fgh e dsierminedpy

@"Emsf’ Bh5 @(%S }ﬂ@ﬁ(ﬁﬁg!tﬂésetlﬁ%%dﬁ’ §eRR urkdht §iiiention, pJovides
ubricants. Polarity-is also Inportant as it provides

oaB@ntteydineasivre fokmulioon eaployeITEabildifyesdo duiekly evaluate
| ubricant. Formulators currently neasure polarity

nygltiple forgrudatiansh as ASTM test net hods D3328 and D3524.
These tests are al so

Other Properties

[00101] Some properties, such as viscosity, have previously been
successfully miniaturized and made high throughput. Typical ASTM tests used
to measure viscosity are: D2270, D445, D2422, D2532, D2983, D5133, D5763,
D6022 and D6821.



designed to separate vol atile conponents, and

therefore are not anmenable to the higher nolecul ar
waowdoghtedmonvol atil e fractions. The ASTM D4124 pEBUSA61029335

separate the higher nol ecul ar wei ght nonvol atile

fractions, but the test was_designed specifically for

separating asphalts into four chemcally distinct

fractions. Also mniaturized techni ques such as HPLC

still are inconvenient foTlTABIEEdecause they take hours
to perform [0096] The i nvent ors.

ASTMeDetsi-hi ng the pol ar fradtASHM Bf66d-Tubri cant by
Kihematie Vikcdsityr oscan thin | ayer chromat ography. The
Wt@qwefsd ubricants is partAGdNuihbed@@KeE)o HTE

ns as 1t camnm be acgo n mnutes.
%ﬁﬂ‘ﬁ d%a 896 his nmethod in thig A@Wn |2%08pr ovi des one
t(mg )::nfnrmllntnr to ern I i
ARTMDY4ddal uat e mul tiple forSEM Brand provi de

Ddy@ispges over the other netfERISAVscussed previously

M_g'(pﬁt%iswl ng polarity. Frict @(%)?eeducti on and Wear
g [0097] The abi ity & FTiction and

sist wear is a primry fungt on 3ubri cant .
lﬁgt‘?ﬁﬂrators currently neasur ¢ Iéﬁé%/ ®si st ance and
Pt (P&} on reduction using test&oh as ASTM t est

ASTMOD443670, D2783, D3702, |MITN] DRIG4, D5183,
]ﬂ@ﬁ@g;[BDWO? D5968, D6425, an@mﬁﬁéﬁo The i nventors

( IIlf)ound that both wear resigt and friction
ix can—beneasured—in MTETt —USi ng
g@r‘?;‘l icro indenter techr B Sadl ng these
Efet hods in the current invent 9| des one

Be(ripoa) nent for a formul ator t&EE(%D oy HTE techni ques
ASTHUDCKI®S eval uate mul tipl e |[f/ASTM Bt3i®ss. Additi onal

FmbrAwant Properties [0098] Fanetyimkprs are al so
NQgghyed about meking high fhygughpyt measurements of

1)

rﬁl,g AN, TBN, chem cal ﬁ' apél eal swel | ’ and

Anifoamr rosivity of metals. Antiwear

Si (ppm) P (ppm)

ASTM D 5185 ThermoGravimetric Analysis (TGA)
Antiwear Nitrogen

Zn (ppm) Onset Temp C

ThermoGravimetric Analysis (TGA) ThermoGravimetric Analysis (TGA)
Nitrogen Nitrogen

20% Off Temp % Off @ 300C

High Pressure Differential Scanning High Pressure Differential Scanning
Calorimetry (HPDSC) Calorimetry (HPDSC)

Onset Peak

Time (min) Time (min)

Molecular Weight by Gel Permeation | Molecular Weight by Gel Permeation
Chromatography (MW - GPC) Chromatography (MW - GPC)
Number Average (Mz) Weight Average (Mw)

FTIR Absorbance FTIR Absorbance

Phenolic AO DPA AO

H--O stretch Aromatic Ring

3649 cm-1 ~1600 cm-1




Formul ators currently measure sludge, varnish and

deposit formation using ASTM tests such as D5302, and
w2®30163M sci bility, insolubles and sedi nent PCT/US2006/029335

nmeasur enents are nmade using ASTM neasurenents such as

D893, D6560, and D2273. TAN.ggd TBN are nmeasured using

ASTM tests such as D94, D664, D5770, and D5984.

Chemi cal anal ysis neasurenents are made using tests

such as ASTM tests D5PABLIDP6@2ntimedds5. Seal swell is

measur ed usi ng tests such as ASTMtest D4289.

Pl ar] vy Leal Not ol Cannat

PHLILRAi ﬁ?ﬁ)bﬁp?ef on tests are con %%8%&!@6& dance vvlth
tdétamduch as ASTM D2649, D4636DDB5968, D5969, D6547,
D6557 and D6594. NOACK Vol ati | |i+98(0 @0A9P] Those skilled

FﬂKR%s@x‘b%né@Pi@S'%et hat the MNACAbseHahck Ty of a
%1 gﬁgl] has becorie a key neag ?tlreyge?l expect ed engi ne
nc

For nul at ors currle measur e NOACK
y and vol atil | ty in gener al b]‘)ibum ng ASTM
O0smlch as D2715. D5291 and~EBB&om-lHowever, the

FT]I\I@Abmﬂ)ahatye di scovered a nﬁTﬁdAﬂasoﬂmheem ne the

ANPASketedl atility using Purge jand Trap Gas
quﬁ@r@lthgr aphy (P&T GC) 5Ther nabl@aﬁl rret ric Anal ysi s

méa i Vass—Spectrometry (v —1 Ilbl treh—rg—tti—s
SPLYaPEe current inventijon provides one

ilvent for a formulator tlo enploy HTE techni ques

FRTHN

to quickly evaluate multiple fornulations. Color and
Turbidity [00100] After stressing a lubricant, the
color and turbidity of a lubricant are inportant

predi ctors of final |ubricant performance. Color is
determ ned by ASTM test D1500. Including these nethods
in the current invention provides one enbodi nent for a
formul ator to enploy HTE techni ques to quickly
evaluate nultiple formulations. Qther Properties



have
D2983,

D6022 and D68213IFABLE 1- - TABLE 1

D2532,
(continued) TABLE2 1 Hi gh Pressure Ml ecul ar

ASTM tests used to nNREEHUS®06/029335
D2422,

such as viscosity,

Typi cal
D2270, D445,

previ ously been successfully mniaturized and made
D5763,

[00101] Sone properties,

Vi scosity are:

whe@h/otdsooughput .
D5133,

Scanni ng Per neati on

Fresh |

Vi ght by Gel

Differen_tial
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287.62 28.47 19 20
960 1000 250.82 285. 19

i

45300 0.086 0.07 1 1 3 770 830 228.76 265.22 48.79 19
253.63 288.5 27.86 19 19.5 115000 44500 0.084 0.151 17

269. 33 54.76 20.9 21.9 109000 36400 0.092 0.075 13 7
970 1000 245.37 289.51 27.23 25.5 26.2 108000 33500
30.79 23.2 25 118000 52000 0.084 0.133 16 8 1000 1100

10 4 740 810 226.26 268.36 54.61 18.7 19.7 107000

0.069 0.108 14 8 980 1000 251.
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TABLE 2 (continued)

. 0815 0.08175 91.
. 121 0. 059 0. 045
. 137 0.192 0. 207
.0615 92.25 0.7 1.85 0.116 0.184 0.143 0.131 0. 119
.061 0.046 0.104 0.0805 0.06725 91.3 1.95 2 0.122
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avai l able 5 5 5.3 TRACE 8.897 6.05 7.26 982 640 0.1642

5.6 NIL 10.02 2.71 volune 1064 Not enough sanpl e
w@20070168082 103 1084.864 15 0 5.1 NI L 8.535 2.Bd1/8S1886/029335

11.55 4.48 3.14 1009 600 0.1266 803 0.0511 4 3 908 170
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D5185 D5185 D5185 D5185 D5185 TGA TGA TGA HPDSC HPDSC
GPC GPC Nitrogen Nitrogen Nitrogen Onset Peak Mo Mg
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TABLE 2 (continued)

i (ppm P (ppm) Z n (ppm Tenp C Tenp 300C (mn) (min)
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0.138 < 1 1700 3 1040 1140 256.86 292.82 24.92 29.6 3

1 49000 22500TABLE 2 (continued) UV-Vis maxi num Post
w@ziodioread oi | absorbance H O stretch Aromati c RITYS1066029335

stretch CGN Stretch B-10 3649 cm1 -1600 cm1 1516

cml ~980 cm1 -1700 cm1 -1230,cm1 - 1150 cm1

492nm Avg 550nm Avg 0. 039 O. 146 44662 0 0.207 0.126
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0.028 0.164 0.083 0 0.138 0.069 0.044 2.5115 1.3622
0.031 0.144 0.043 0 0.152 0.114 0.22 2.6003 1.385TABLE
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(Difference spectra) Oxidized -

I ntegrated Area

Saturates W% Aromati cs W

max absorb

PofBesi 1

~5. 85 595nm Avg

| at roScan Chr omat ography FTI R PCT/US2006/029335
Fresh Oxi di zed -

Fr esh
W %

sins W% Pol ars m crons

1790-1690 cm1 0.83525 76.4 11.05 5.65 6.9 0.088 4. 443

0.561 67.85 6.4
4.9 0.079 3.142

19. 25 6,
1.15
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.163 0.518 84.35 5.4 5.35
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4 84.6 61.5

5 71.41 59

6 90.2 61

7 87.59 49

8 89.22 63.97

9 84.62 62.85

10 74.29 68

11 81.69 69

12 81 66

13 88 69

14 60 48

15 51 49

16 87 66.48

17 59.7 54

18 84.1 59

19 86.6 60.3

20 42 54

21 50 58.2

22 62.7 51




0.72775 75.1 11.15 6 7.8 0.089 4.389 0.5505 82 8.35

3.4 6.3 0.12 6.002 0.8665 76.3 12.4 4.7 6.6 0.106
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3CLAIMS: 1. A nethod to determ ne which nmenbers,

i ndividually or in conbina tigp,- of an El enental Set

of Internediate Tests are predictive of an El enent al

Set of End-Use Test Results, the method conpri sing:
qirAM8t ng an El enental Set of Sanples having at |east

a first nmenber and a second nenber; providing an

El emental Set of End-Use Test Results for said

El emdntAlm&hod o6 d&anphmswh'tchenambmniraiiv@@tallbfor fim dolgbéna-

tRBnOLHT ELTBIEhE! QiBISTIediotn daplerrs preci v o R lamental Set
oo Rl ol MO e ana eaid
second nenmber of said El enental Set of E Test s

ResulPravidhg s plmentelod of dasulehbaviggisé ?e%é? a Gggtanember and

El enental Set of Sanples, wherein said first nenber of
aesggﬁncgg} Hiﬂ%e hot the sane as the second rrerrber of each

havi @Ec%eé{ié]rgﬁf‘%e%%@%&@eﬁé Tss PR Ron s Femental
SRPEShERG BEHfoalnePr ﬁ%ﬁ%gﬁﬁ %?ﬁelﬁﬁ% %avﬁ’lgsfttle%fta

ﬂr!i‘tt nffd‘@ i g nEsbeRRa it thdHisy hﬁ’ét‘ﬁ‘!)éryofoiald Elemental Set of

Ination, to regression analysis to determ ne which
Bmfd—Ub@ M&lﬁtsaforﬁebporﬁlsetmatchﬁrssmemberl GﬁsardrEhhnaﬂmal Set of
Tests is_predictive of the Elenental Set of End

Smapleserd said seepnd membee gé prid| Element SshapFad- e Tests
Results corresponds to said second member of said Elemental Set of Samples,

wherein said first member of each set is not the same as the second member of

each set;

selecting an Elemental Set of Intermediate Tests having a plurality of

members;

obtaining from said selected Elemental Set of Intermediate Tests, a set of

Intermediate Test Results; and

subjecting the Intermediate Test Results, individually or in combination,
to regression analysis to determine which of the members of the Elemental Set
of Intermediate Tests is predictive of the Elemental Set of End-Use Test Results
for the Flemental Set of Samples.

2. The method of claim 1 wherein the Elemental Set of Intermediate
Tests is selected from tests capable of producing substantial quantities of data

over a broad range.



2. The method of claim lwherein the El enental Set of

Internmedi ate Tests is selected fromtests capable of
w@e@dooidng substantial quantities of data overP@EI/bDsWae029335

range. H 3. The nethod of claim2 wherein the

regression analysis is sel efé;éﬁ'f rom generalized

i near regression analysis and non-linear regression

anal ysis. 4. The nmethod of claim2 wherein the

r egr 8ssTha naethod of slaim 2awhereimthawsgressipreasilysis is selected

anal ysis. 5. The nmethod of ¢l ai mcﬁmWh rein the |, )

from genevalized lirear regEessionanglysisot (m;gmg@,r IREEfysIon analysis.

t hroughput experinentation. 6. A nethod for predicting

whet her candi date sanple w.ll. nmeet anp El enental Set

of Effd- ﬂ]gé lﬁf’ég’t’)g R%Qlﬂ“ﬂ’g)‘é’g‘ﬁiﬁﬂ? thenergssion anakysis fjea neural net
thed in an%)é one of clains 1 to 5 to determ ne which

I ﬁ%sé?%?n?léfa' Vidually or in conbination, of an

El emental Set of Internediate Tests are predictive of

o T oy mERE BhetRRd oPLlaRCy WhErel e TSl diare (Rt Resulty are

oBthifaFby Qg fironEiiR ekp&fimeaiatioll enent al Set  of
Sanpl egyt og obtai n I nt eIr)msdi ate Test Results; and (c)

conparing the Internediate Test Results of step (b) to

t he Bl epEittodIor pedditimgk Whethte atcaRéRlakd sanplereidlymeet an
conformance is predictive of the candidate sanple
Hlemeital Sehel Ehdldset Best Besulss canprising: Test results. 7.

A nmethod for predicting whether a candi date | ubricant

sanpl(®) wdihg fasmethoddhesl emearftlaias 1 &85 té détermine which
| ubricants .conlgri sing: (a) determning which )
nierdberis dwdividualé abimeembinaton cofmmuEanengaloyet of Intermediate

BT RLCG i 30 FUGPIG] UG HRoar RABILe  ect ec

end-use test for lubricants; L
(b) performing each of said tests determined in step (a) on each of the

members of said Elemental Set of Samples to obtain Intermediate Test Results;

and

(¢) comparing the Intermediate Test Results of step (b) to the Elemental
Set of End-Use Test Results whereby conformance is predictive of the candidate

sample meeting the Elemental Set of End-Use Test results.

7. A method for predicting whether a candidate lubricant sample will

pass a selected end use test for lubricants comprising:

(a) determining which individual or combination of a plurality of
intermediate tests provides a test result that correlates with a pass/fail criteria for

the selected end-use test for lubricants;

(b) subjecting the candidate lubricant samples to the individual or

combination of tests determined in step (a); and



(b) subjecting the candidate | ubricant sanples to the
i ndi vi dual or conbination of tests determ ned in step
W@ 2007/086304 c) conparing the test result of the pPeRUbzas/e29335
| ubricant with the pass/fail crjteria thereby
det erm ni ng whet her the cand’l‘ﬁgt‘e will pass the
sel ected end-use test. 8. The nethod of claim?7
wherein the internediate tests are selected fromthe
gr oufc)c wosipsringghefiest estudt oftthe gardidate lubuivanteyith thapass/fail
| abor atory environnment, a neasurge, of pro rty. or
citariadherphyeletermining whethgethe psndidate Wzlé@eﬁsgt egsblopid end-use
ngt hod of claim8 wherein the property or performnce
9kature is at |east one of wear, friction, viscosity,
oxidation stability, thernmal stability, sludge,

var ni Ihgfl (')@gf Sﬁfﬁ @BeJe?ﬂ ﬂﬁtlh&ﬂmeﬁ eﬁ‘? { QB selected

COITp t corrosion,

89S @ﬁeb%ﬂo'u? &oﬁglsﬁﬁg Wkdskd aemgﬂe%ittalpram@aﬁﬁ@ %or@taﬁyn cal
conpos scuffing, acidity increase, soot

cheiromheni) a isé¢asuegef s pedperiyt or, penfodmainge ifeatateatl thietlybricant
color-light stability, |ow tenperature fluidity,

sgaplel sibility, enulsibility, foamformation, air

entrai nnent and acute toxicity. 10. The net hod of
claim8 V\herel n the i ntergedl ate tests are sel ecte

fr omdt hh @rr@alppc&aﬁghagp.&ﬁj B BPOREIY Or BREODENGS feature is

d conbinatio her
f by BedIE ViR b oot BR8P, EHEAT ARy,
sfﬂggrﬁﬂisﬁtf@rrﬁﬁﬁéﬁ Jb%Y)@lt Folh&ibrt eldsfAdd éHinié\étﬁUlhgn volatility,
El &nental” Set of End-Use Test Résults, the netho
coropionstusy misbibalityi srgsolwbiligg ofisual appqz}irannca:l ichgmafal composi-
Sanmpl es a set. of I nternedi ate Test Resul tg fromd}ai d.
tlenewﬁ?ﬁag, waditpincrenser saadifarreatiars storagh sl Hltﬁgh]’ plytic
t of

|
sEhty kSR EnPigb iy ndlep RERES PR, SRR o
ehME6RY Bhf f-fﬁﬁfaﬁoh)"ﬁ’ir QhtriRnferBAR ALt Ok ity

10. The method of claim 8 wherein the intermediate tests are selected

from the group consisting of ASTM tests, SAE tests, and combinations thereof.

11. A method to determine which combination of members of an
Elemental Set of Intermediate Tests have a high correlation with an Elemental

Set of End-Use Test Results, the method comprising:

obtaining for each of a plurality of Samples a set of Intermediate Test

Results from said Elemental Set of Intermediate Tests;

obtaining for each of said plurality of Samples an Elemental Set of End-

Use Test Results; and

selecting from said Set of Intermediate Tests two or more members which
in combination correlate most closely with said Elemental Set of End-Use Test

Results for each of said plurality of Samples.



in conbination correlate nost closely with said

El enental Set of End-Use Test Results for each of said
w@bkwraldsdy of Sanples.12. The nmethod of cl ai m BAT/US2006/029335

wherein said conbination of said Set of Internediate

Tests is selected by randonty/@enbining two or nore

menbers of said Set of Internediate Tests and

determ ning how cl osely the conbination correl ates

with said Elenental Set of End-Use Test Results and

r epeati Nohé heetivdeteale 1Wiwhereirhssid cambimatiet of dadd Set of
determ ne whi ch conbi nati on corresponds nore cl osely.

IntsrmadisterBesdivis sslectehbyrramiomlyraimbisigdt o abmese msbess of
el K0 AR B TR Yiodband
SRS AT HAR N S8F T sd Tes MEuTBLEf el e

préeedifewimtdiRé: ahdeinaiel thodetbraiiak fwisish dombémeivmdorf@ponds
of End-Use Test Results is obtained by subjecting said

nBaepleselt.o sai d I nternedi ate Tests using high

t hroughput experinentation. 17. A nmethod for selecting
conponent s and conponent anmpunts in lubricants, ]

f unctlBon&he matﬂmclsgnglagnéas\éher@umd sphpinadinnais selegtedaising a

a ,pé]'lér aLE‘iQt.y %E bl Ends of lubricants, functional fluids
varabless actionat§PTHaRY i ng conmponents and conponent
levels a plurality of Internediate Test Results froma
set qf Internedi atg Test d at |l east .one. End-.. Use.
Test TheshiE Meras Shclpfia-1osahest: theggeer fithiss: hpaRsible

mi] [ wo or nore Intermediate Tests for each
Cg endﬁ g%drérlg?lg{hlﬁ'

es Wth a pass result for said End-Use
Test; identifying the conponent |evels for each blend

that 1601 TRS RRAKSI bOcldfin 14 wherein the algorithm is a genetic

algorithm.

16. The method of claim 15 wherein said Elemental Set of End-Use Test
Results is obtained by subjecting said Samples to said Intermediate Tests using

high throughput experimentation.

17. A method for selecting components and component amounts in

lubricants, functional fluids or greases comprising:

obtaining for a plurality of blends of lubricants, functional fluids or
greases with varying components and component levels a plurality of
Intermediate Test Results from a set of Intermediate Tests and at least one End-

Use Test Result from an End-Use Test;

determining which combination of two or more Intermediate Tests for

each blend correlates with a pass result for said End-Use Test;

identifying the component levels for each blend that corresponds to an

End-Use Test Result; and



End- Use Test Result; andapplying a selection algorithm
to the conponents or m xture of conponents and | evels

wo eoopoeddct new bl ends that will pass sai d EndPddsES2006/029335
Test. 18. The nethod of claim 17 wherein the
internedi ate tests are sel ect§®-fromthe group
consisting of tests designed to provide, in a
| aboratory environnent, a neasure of a property or
per L tagplgf:cim@afselat:@om algforithia touthe compbnentaok aixhge ofhe
nmet hod of claim 18 wherein the proper, or rfo nce
chmponertsianddevele iy pregid new h]@adl,so tlﬁrt) M‘}il?ﬁ@ﬁs S@ﬁﬁ@lﬁgf% est.
oxidation stability, thermal stability, sludge,

varni sh formation, deposit forpatiaon, el astoper

conpaBi biThe nye,thwgp'%@lmmtly : wﬁ%r@frbmedﬁterma%a,te fests are selected
mscibility or.so i) Vi syual a 1 cal
AR Bl R eyl BB PR My BOEY
eﬁQ{rHﬁl R o MEAURIET 5;3?@;5&1"[}1 O peH¥StnRinék if6at8ePSf thietiMbricant
color-light stability, Tow tenperature fluidity,

selepld.si bility, emulsibility, foamformation, air

entrai nnent and acute toxicity. 20. The nethod of

claim15 further conprising formulating the predicted

bl end9andhe estthodjof tlaith| Iémathersimthesaiopenty obpeeforoanasf feature

Internmedi ate Tests for conpliange with a .pass result ..
it gl lcastiQPoRH YR oI IR, VISEOMh OXUALKSTILEY: SheHy stability,

urther ¢ risi:n ' ' ' o1
shiflbu Rt PR PR Rba RT R Bfpaieip. votartty.
cBRBLRNE Fust ZhiscitiBty Mbiﬁf%/,q}iﬁidpaibﬁeafrﬂﬁéé?@hemical composi-
conpri sing subjecting the bl'end to said End- Use Test
tion, skatféing] mdday inmbasepsod! fatration, storage stability, hydrolytic
stability, color-light stability, low temperature fluidity, demulsibility,

emulsibility, foam formation, air entrainment and acute toxicity.

20. The method of claim 15 further comprising formulating the predicted
blend and testing the blend using said combination of Intermediate Tests for

compliance with a pass result for said End-Use Test.

21. The method of claim 16 further comprising repeating said selecting,

formulating and testing steps until a pass result is achieved.

22. The method of claim 17 further comprising subjecting the blend to

said End-Use Test to determine actual correlation.



