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WO 2005/079279 PCT/US2005/004263 HIGH THROUGHPUT
SCREENING METHODS FOR FUEL COMPOSITIONS BACKGROUND

WO 2@HTHEIINVENTION 1. Technical Field 5 The present inve ®{iii&ae6604263

generally to methods for high throughput screening of fuel compositions.
2. Description of the Related Art The use of a combinatorial approach for
materials synthesis is a relatively new area of research aimed at using
rapid synthesis and screening methods to build libraries of to polymeric,
inorganic or solid state materials. For example, advances in reactor
HEEHA JTBRORHVE B SR FFINEhE s S TAHAI M I8 ar S ELra Iy DRIATOR!S
large libraries of discrete organic molecules in the pursuit of new drug
discovery, which have led to the development of a growing branch of
SSaB S NB)IBH daREIINNIBNAEMe mistry. Combinatorial chemistry
enerally refers to methods and materials for creating 15 collections of
L. MI&HS or compounds--commonly known as libraries--and to
techpiques and instruments for evalyating or screening libraries for
de%&%Pé%?&b@ff?éémbﬁféaﬁﬁﬁ?%g’i&m?ﬁwﬁ%q el SrpusbBesreening
£ glwdual formlng candidate fuel compositions and then performing a
© ﬁ%ﬁ c%l-%% é%aly&s of the candidate compositions by employing a large

3 Da\mount of t fl g:at to be tested. Additionally, the 20 methods
1o
‘emﬂ'gyeﬁ"?oﬁe?f:ngea%} candidate composition require manual

op g tur nlflcn edu sten berofco itions
o R oL (MR TR e Ree

area of research aimed at using rapid synthesis and screening methods to build libraries of
polymeric, inorganic or solid state materials. For example, advances in reactor
technology have empowered .chemists and engineers to rapidiy produce large Iibraries of
discrete organic molecules in the pursuit of new drug discovery, which have Jed to the
development of a growing branch of research called combinatorial chemistry.
Combinatbrial chemistry genéfﬁﬂy refers to me&ibds and materials for creatiﬂg
collections of diverse matenals or compouhds-momrﬂonly known as libraries--and fo
techniques and instruments for evaluating or screening hibraries for desirable properties.
Presently, research in the fuel industry involves individually forming candidate
fuel compositions -énd then perfoﬁni.ng a macro-scale analysis of the candidate :
compositions by employing a large améunt of the candidate to be tested. Additionaﬂy, the
methods employed for testing each candidate composition require manual operation. This,
in turn, significantly reduces the number of compdsitions that can be tested and identified

as leading compositions.
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1 WO 2005/079279 PCT/US2005/004263 However, present research in
the fuel industry does not allow for reformulation to occur:in an

wo 2083ResitouUs manner. As such, there exists a need in the art fOITAIRIOIB/604263

efficient, economical and systematic approach for the preparation of fuel
compositions and screening of such compositions. For example, fuel
compositions have deposit 5 forming tendencies from, for example, the
combustion of fuel in an internal combustion engine. This will result in the
formation and accumulation of deposits on various parts of the

combusiien shambrisaneion the duglintake and exboursystartsahilagion to

engine. The presence of these deposits in the combustion chamber often
occufQaUh Exaitaliavwiangroblessh (heediisiion Wedddoperatifareffisiency of
the engine; (2) inhibition in the heat to transfer between the combustion
effickhdebaicanddhe e sginendolipgreystefor tiecb{Sarathrctibfis thenyotitines
of the combustion zone which can cause a higher than design
and geseplessDuchtivimptsaiongifer Axdangdkiny< nginpasitivatsieresidp fim
deposits forming and accumulating in the. combustion chamber. A :
formprg|emgenkpsrfouhn ffar knarkileg thengimbestronesi fuah istrsss fetiglieoariistion
wear in engine components such as, for example, 15 pistons, connecting
engined S hsarilysatidic s funntiPhandracationiaharoetdrnostiom gritaukparts of
- valve deposits can interfere with valve closing which eventually can result
the dprviivdchurivmpes et aretbo Siie! calala s dshrre EtaRidinsnsirandbe
valve seating which tend to reduce the volumetric efficiency of the engine

preseneg PhfheredeRoSE IR cgPERE chaabsE R en fearbir dhe fotle tine

tubes and 20 runners that are part of the exhaust gas recirculation (EGR)
probipips: Thaedidiaim thegeemting efficiency of the engine; (2) inhubition in the'heat

transfer between the combustion chamber aﬁd the engine cooling sysiem; and (3)
reduction in the volume of the combustion zone which.can cause a higher than desi gn
compression ratio in the engine. A knocking engine can also result from deposits
forming and accumulating in the.con1b§sti0n chamber. A prolonged period of a knocking
engine can result in stress fatigue and wear in engine components such as, for example,
pistons, connecting rods bearings and cam rods.

| The fo@tion and accumuiation of intake valve deposits can interfefe with valve
closing which cveﬂtuaﬁy can result in valve burning. Such deposits can also interfere
with valve motion and valve seating which tend to reduce the volumetric efficiency of the
engine and limit the maximum design power. Deposits can also collect in the tubes and
runners that are part of the exhaust gas recirculaﬁoﬁ (EGR) flow. The collection of these

debosits can reduce the EGR flow. This will also result in a knocking engine and an

increase in nitric oxide emissions.



deposits can reduce the EGR flow. This will also result in a knocking
engine and an increase in nitric oxide emissions. 2 Accordingly, it would
be desirable to rapidly screen a plurality of sample candidate fuel
compositions for deposit formation tendencies utilizing small amounts of
each sample. In this manner, a high throughput preparation and screening
of a vast number of diverse compositions can be achieved to identify
which additives and/or compositions have reduced deposit formation
tendencies. SUMMARY OF THE INVENTION A hlgh throughput

scheemAtrshetiotrrif Ge st aepidly RissrRib AL %@%@%ﬁéf@%ﬁfua

.compositions is _provided herein. In one aspect, a high throughput metho
candifgis ece?maﬂralgpgaﬁ%ﬁ&@%@%&?ﬁ&ﬂ%@ﬁ?&@@%ﬁﬁ@ﬁ%ﬁa

rov de m I’ISI sof roviding a plu aI| of. different fueI
cach BB Ao AR X A LGNSt Rt e e
numtF Ay, () mea%“r” s”é% fleposit farmat o Pf \%FP RIS toal?ré""de
ge OSit formation data results for eac sam y ?%) out {
compc%%ﬁ%s‘ﬁ %&*&e@cﬁﬁs%?Pf&%@ﬁ?&ﬂeﬁd@%%&hmughp“t methOd for
screening fuel composition samples, under program control, is provided
comprising the steps of (a) providing a plurality of different fuel
composition samples, each sample comprising (i) a major amount of at

suMieast ensfughand (ighaminer amount of at least one fuel additive; (b)
measuring the deposit formation of each sample to provide deposit

fOWl?%?ﬁkﬁé@ﬁﬁ&%b&eéﬁ[@ﬁ@tﬁ&mm%i@hg%&iﬂﬂ)iﬁ%ﬁ@ﬁu|tS of
step (b).

tendencies of fuel compositions is provided herein. In one aspect, a high throughput

method for screening fuel additive composition samples, under program control, is
provided comprising the steps of (a) providing a plurality of different fuel additive
composition samples, each sample comprising at least one fuel additive; (b) measuring the
deposit formation of each sample to provide deposit formation data results for each
sample; and, (¢) outputting the results of step (b).

In a second aspect, a high throughput method for screening fuel composition
samples, under program control, is provided comprising the steps of (a} providing a
plurality of different fuel composition samples, each sample comprising (1) a major
amount of at least one fuel and (i) a minor amount of at least one fuel additive; (b)
measuring the deposit formation of each sample to provide deposit formation data results

for each sample; and, (¢) outputting the results of step (b).



3 In a third aspect, a system for screening fuel additive performance,
under program control, is provided comprising: (a) a plurality of test
receptacles, each receptacle containing a different fuel additive
composition sample comprising at least one fuel additive; (b) receptacle
moving means for individually positioning the test receptacles in a testing
station for measurement of the deposit formation of the respective sample;
(c).me r.lsdfor measurin tge deposit fo‘mf;ltié) of the sample in the testing
St 8 OB depaSTOrste Bk oS ST B S anc
for transf rr.inglthe d%egosit formation data to a computer controller. In a

Progitr “é‘é‘ge%: , éo(‘{é(}ﬁ inatorial rael composition library is provided

as | o i .
Zﬁ?éféﬁ"ﬁgﬁﬁi o?‘%é‘é‘ﬂ%%@#%a%%?&%ﬁ RUNANoN datafona P %?éi‘é’n??uez

ompositions, each composition comprisifig (a) a major

addi AP ARt L e astane Mehand (Dialdeast ARe Jughadditve. In a fifth

aspect, a method for producinga combinatorial fuel composition library is

rggqul@& mptising thesters pfi@) revidipgsai iRrReef @ PIRIMAES in o

Y
different fuel composition samples, each sample comprising (i) a major

testirdRRhabahleasi-onefuel drdifh) & Mmineaascshet-apleast eausl
additive, (b) measuring deposit formation of each sample to provide

deposittoiatiaiatatag ey ideseaonsaioplel ardatedoutplitingithe station
results of step (b).
to obtain deposit formation data associated with the sample and for transferring the

deposit formation data to a computer controller,

in a fourth aspect, a combinatorial fuel composition library is provided
comprising fuel composition deposit formation data for a plurality of different fuel
compositions, each composition comprising (a) a major amount of at least one fuel and
(b) at least one fuel additive.
In a fifth aspect, a method for producing a combinatorial fuel composition
library is provided comprising the steps of
(a) providing a library of a plurality of different fuel composition samples,
each sample comprising (i) a major amount of at least one fuel and (1i} a minor amount of
at least one fuel additive,
(b) measuring deposit formation of each sample to provide deposit formation
data result for each sample; and,

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



4 In one embodiment, a system for determining deposit formation
tendencies of fuel composition samples is provided comprising: (a) a
plurality of test receptacles, each receptacle containing a different fuel
composition sample comprising (i) a major amount of a fuel and (ii) a
minor amount of at least one fuel additive; (b) receptacle moving means
for individually positioning the test receptacles in a testing station for
measurement of the deposit formation of the respective sample; (c)
means for measuring the deposit formation of each respective sample in
the lestingrstatioméoatohtaivicde fosifonmationdtate:associdted twitlethies of
sample and for transferring the deposit formation data to a computer
dontrotencTitemrethplis Brrteydtsusoptivendisclosures herein may
advantageously permit the screening of many different composition
samisies pusHiBtidieast rRermeres. erslerrsrastpositaormatichiteratfitibs
of the samples, e.g., how fast deposits form, at what temperatures do

COmpRSIASBRIG SEITHENEIY Rt BRPAESBSRS 2A4shrno0 s/ reamount of
PCT/US2005/004263 BRIEF DESCRIPTION OF THE DRAWINGS

at leaghong BetAAdHSents are described below with reference to the drawings

wheregin: FIG. | is a schematic diagr m ;I S stei{p gcl)lgcptrg&arinlge% tacles in
ol ) GBS BT SEne B A o sonn (Rl
a testing station for measurement of the deposit formation of the respective sample;

(¢) means for measuring the deposit formation of each respective sample in the
testing station to obtain deposit formation data associated with the sample and for
transferring the deposit formation data to a computer controller.

The methods and systems of the disclosures herein may advantageously permit
the screening of many different composition sampies in an efficient manner fo
determine deposit formation tendencies of the samples, e.g.. how fast deposits form, at

what temperatures do deposits form and the weight of the deposits.

4a
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FIG. 2 is a schematic diagram of a system for measuring deposit
formation tendencies of a plurality of samples of fuel compositions.

WO 200FT8ITED DESCRIPTION OF THE PREFERRED EMBODMAENIAfox 464263
The present invention is directed to a high throughput screening method
for determining deposit formation tendencies of fuel additive compositions
and fuel compositions containing such fuel additive compositions. The
expression "high throughput" as used herein shall be understood to mean
that a relatlvely large number of different fuel additive compositions or fuel

OMBEEH 3 - pr&pENctand 15 analyzed. In a first step of
the screenlng method of the present invention, at least one fuel additive is
mtk@d@@e@mbad@matﬂw@fdmﬁmmwmmemmsm thatdeackhgs
receptacle contains a different fuel additive composition having a different

Whel’%’@mposmon depending upon the percentage amounts and/or types of the

-additives combined in each receptacle. Alternatively, varying quantities of

at TeGst fivet shgraaticlieghaiots susitvdirpraotngeduioadiiy of gfifedkty

of respective test reservoirs so that each reservoir contains a different
fuel RSP sith having a different composition depending upon the -

age a ounts n es of the additives combined with the fuel
Ine%g@ég &f@’ Gb%Eéfgﬁt?gl B TeEs300s AtwsB domeation
ard osmo sample are stored in a data library.

tendeﬂ '“f'nog{n ﬁ%ﬁ (f §%ﬂﬁ%’%ﬁb@%rmaﬂon data of each of the

stored composmons substantially facilitates the selection of candidate
compositions capable of successfully carrying out the deposit formation

DETASESIYPHRI ARSI PRSI R PR EFERRED EMBODIMENT(S)

The present mvention is directed to a high throughput screening method for

determining deposit formation tendencies of fuel additive compositions and fuel

compositions containing such fuel additive compositions. The expression “high

~ throughput” as used herein shall be understood to mean that a relatively large number of

different fuel additive compositions or fuel compositions can be rapidly prepared and

- analyzed. In a first step of the screening method of the present invention, at least one fuel

additive is introduced in a plurality of respective test receptacies so that each receptacle.
contains a different fuel additive composition having a different composition depending
upon the percentage amounts and/or types of the additives combined in éach receptacle.
Alternatively, varying quantities of at least fuel and at least one fuel additive are
4ntroduced in a plurality of respective test reservoirs so that each reservoir contains a
different fuel composition having a different composition depending upon the percentage

amounts and/or types of the additives combined with the fuel in each receptacle.
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5 conditions or statutory requirements. Accordingly, storing this
information in the ¢ombinatorial library not only allows for-a rapid

wo 2088486Han of multiple fuel compositions in response to new regyigRRRIG4263

for a given test, but also becomes another piece of information in addition
to, for example, storage stability, of the cataloged compositions. This
information may also allow for calculating necessary changes of the
additives and 10 fuels at the least cost. The procedure is advantageously
accomplished under program control and automatically controlled by, for

X3RRI Ce A MR FOREOSR 05 QLA UIRCANRHIRE £ORIRLAGYIC8ard NP rary.
expression "program control” as used herein shall be understood to mean

Addthe BawizmentidsaciResan dnRIpysing e i ality of duel 6ompesitians is
automated and controlled by a microprocessor or other computer control

comBedliass s Bstatisgihadciitive-canenesitans anchhdiliseropaptionsiior4aslnct
the high throughput screening method of this invention include at least

succesfuibet additiveuStehiapddit festtaicsedns inelénehadekiivd opddieg
compositions herein can be any presently known or later-discovered

conditltitive staedtdnyfommitatiagfucicomposiiosisrifipebisehfadditivesinbleide,
but are not limited to, detergents, cetane improvers, octane improvers, 20

combimgsiiah libduyers, eniickicentrcanisd faldsionatbiiduptp /A repiepagitions
scavengers, rust inhibitors, bacteriostatic agents, corrosion inhibitors,

in reapristatic i i ctrerfy é iy trshtbutialsrubsitiemesdentes aiece of
anti-icing additives, dispersants, combustion improvers and the like and

infoypigtioretn trddisism 1o/ expBPiSe SiRTaRR BRI Wi spalesedrrmmanifigns.

WO 2005/079279 PCT/US2005/004263 available. These additives, or
This;efrEsion By abinpboander calrpatii prifssrryrcmees of the additives and

fuels at the least cost. The procedure is advantageously accomplished under program
control and antomatically controlled by, for example, a ﬁﬁ-croprocessor 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 fuel compositions is
automated and controlied by a microprocessor or other computer control device.

"fhe fuel additive compositions and fuel compositions for use in the high
throughput screening method of this invention include at least one fuel additive. Such
additives for use in the fuel additive and fuel compositions herein can be any presently
known or later-discovered additive used in formulating fuel compositions. The fuel
additives include, but are not limited to, detergents, cetane improvers, octane improvers,
emission reducers, antioxidants, carrier fluids, metal deactivato.rs, lead scavengers, rust
inlﬁbitoré, bacteriostatic agents, carrosion inhibitors, antistatic additives, drag reducing

agents, demulsifiers, dehazers, anti-icing additives, dispersants, combustion improvers

" and the like and mixtures thereof. A variety of the additives are known and commercially
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preparation of the various fuel compositions. Alternatively, the fuel
additive(s) can further contain an inert stable oleophilic- organic solvent to

WO foesvarezdditive concentrate. These concentrates usually inchatigtanbos/004263

least from about 98 wt. % to about 10 wt. %, preferably from about 98 wt.
% to about 25 wt. % and most preferably from about 97 wt, % to about 50
wt. % of an inert stable oleophilic organic solvent and from about 2 wt. %
to about 90 wt. %, preferably from about 2 wt. % to about 75 wt. % and
most preferably from about 3 wt. % to about 50 wt. %, of the foregoing
avagdtldy d(sys dsifuhiee drstatiterol&guhitic@nganieisalve bt camphe dDfor the
solvents boiling in the range of about 150F to about 400F. Examples of

prepigpiion|vbHts varthud dxdwoarposidimited to, aliphatic hydrocarbon

solvents, aromatic hydrocarbon solvents, e.g., benzene, toluene, xylene,
etc. Adifane ikiethn Biehpddideelbrenfuniish atistaatcohisiercontdimirgshitic
about 8 carbon atoms, e.g., isopropanol, n-butanol and the like, in
orgaBin BB afRITE ASHEH ¥R R ASRTIERRrboRcse ResentAtes i alitantidsrat
use with the 15 fuel additive. Examples of detergents include, but are not

leagt{hose B S §in %6 Sh BhRHS 4 Odite feyanrdseRly Somicibenaftiors; dihalseut 25

M S o L e N R AR
d i i : | | ° A
o SRR AR A RIS, Rty om

foreqgoi itrogen: contgining compounds angd the Jike and mixtures
oottt DRI At N e BB et B 50 we

v, SIACKEDSRIEIRD) SRR A MR SRR TS LENeY
solvents boiling in the range of about 150°F to about 400°F. Examples of inert solvents
include, but are not limited to, aliphatic hydrocarbon soivents, aromatic hydrocarbon
solvents, e.g., benzene, toluene, xylene, etc., and the likle and mixtures thereof. Aliphatic
alcohols containing 3 to about 8 carbon atomns, e.g., isopropanol, n-butanol and the like,
in combination with the foregoing hydrocqbon solvents are also suitable for use with the
fuel additive.

‘Examples of detergents include, but are not limited to, nitrogen-containing
detergents such as, for example, aliphatic hydrocarbyl amines, hydrocarbyl-substituted
poly(oxyalkylene) amines, hydrocarbyl-substituted succinimides, Mannich reaction
products, nitro and amino aromatic esters of polyalkylphenoxyalkanols,
polyalkylphenoxyaminoalkanes and post-treated derivatives of the foregoing nitrogen-
containing compounds and the like and mixtures thereof.

Useful aliphatic hydrocarbyl-substituted amines which may be employed in the

present invention are typically straight or branched chain hydrocarbyl-substituted amines
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7 WO 2005/079279 PCT/US2005/004263 having at least one basic

nitrogen atom and.wherein the hydrocarbyl group has a number average
wo 2009)esHlar weight of about 700 to about 3,000. Preferred al'ipgé%szoosmmzés

hydrocarbyl- substituted amines include polyisobutenyl and polyisobutyl

monoamines and polyamines. The aliphatic hydrocarbyl amines

employed in this invention are prepared by 5 conventional procedures

known in the art. Such aliphatic hydrocarbyl amines and their

preparations are described in detail in U.S. Patent Nos. 3,438,757;

havid@ R B0 ort %Zéé&i@o&§%§;95§ric§v9@é%e?&%iéh%?o28%&?gﬂa%?@n R hmber

the contents of each of which are incorporated by reference here

averd b IRYGEOGRER: BB IP6oRS MR allode N e} Grrig SR iea: KGR daIBy1-

as lo polyether amines) are generally hydrocarbyl-substitu ed

subsBRl4@xyaled %ﬁ@ﬁ@é’?&%%{%ﬁenw&@%%d%w%ﬁ%ﬂﬁﬂ@a and polyamines.
monoamines and polyamines wherein the hydrocarbyl group contains

The KBPh4t0 [RRREE 30y AR ALRIPID REI A RDRIeh Gy alikyieas tiaitsrange
from about 5 to about 100, and the amine moiety is derived from

conafiaasi precpdimanalky hottrenondach digikylioprianing] amines and their
polyamine having a terminal amino nitrogen 15 atom. Preferably, the

prepaxstivky|erelesaibbdviil doeib iy F b Retra i axBHAGIEAE; G 363804 3574, 576;
thereof Such hydrocarbyl-substituted poly(oxyalkylene) amines are

3,848 e B irSe kB RRIE) 2n dddS0, Pe rddiNibe. Byl 86 A cankl & 224 the
contents of which are incorporated by reference herein. A preferred type

‘incogpdrpthdbnsidrsabstituearl poly(oxyalkylene) monoamine is an alkylphenyl
poly(oxyalkylene)monoamine wherein 20 the poly(oxyalkylene) moiety

corltaiis! GwivopPientibititytod peironyahelgnisaorines (also referred to as
polyether amines) are generally hydrocarbyl-substituted poly(oxyalkylene) amines, e.g.,
hydrocarbyl poly(oxyalkylene) monoamines and polyamines wherein the hydrocarbyi

group contains from I to about 30 carbon atoms, the number of oxyalkylene units range

. from about 5 to about 100, and the amine moiety is derived from ammonia, a primary

alky} or secondary dialkyl monoamine, or a polyamine having a terminal aminc nitrogen
atom. Preferably, the oxyalkylene motiety will be oxypropylene or oxybutylene or a
mixture thereof. Such hydrocarbyl-substituted poty(oxyalkylene) amines are described,
for exarnple, in U.S. Patent Nos. 5,112,364 and 6,217,624, the contents of which are
incorporated by reference herein. A preferred type of hydrocarbyl-substituted
poiy(oxyalkylene} monoamine is an alkylphenyl poly(oxyalkylene)monocamine wherein
the poly(oxyalkylene) moiety contains oxypropylene units or oxybutylene units or
mixtures of oxypropylene and oxybutylene units.

An additional type of hydrocarbyl-substituted poiy(oxyalkylené)anﬁne are

hydrocarbyl-substituted poly(oxyalkylene) aminocarbamates as disclosed, for example, in
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mixtures of oxypropylene and oxybutylene units. An additional type of
hydrocarbyl-substituted poly(oxyalkylene)amine are

wo 2dag@regesbyl-substituted poly(oxyalkylene) aminocarbamates @/ giselgsafdaes

for example, in 8 WO 2005/079279 PCT/US2005/004263 U.S. Patent
Nos. 4,160,648; 4,191,537; 4,197,409; 4,233,168; 4,236,020; 4,243,798;
4,270,930; 4,288,612 and 4,881,945, the contents of each of which are
incorporated by reference herein. These hydrocarbyl
poly(oxyalkylene)aminocarbamates contain at least one basic nitrogen

U.S SephaNdavis@oaya agesmplecyarseiant of, abmut, 2090 de0akps 5798
10,000, preferably about 500 to about 5,000, and more preferably about

4,270,908 1028B@I0 HACOSH prsferkesharminosnshamsteis allyiphesyorated by
poly(oxybutylene) aminocarbamate wherein the amine moiety is derived
referforn lsthepte riehdiarhinleoonrtiid thylvios yrkyliae) kisfodarbamates contain at least
hydrocarbyl-substituted succinindes are generally hydrocarbyl- substituted
one ke mimigsaion. apbhatkyh anerawiyatenybhs ves plitmitl elsont Eéin tted0
palyalkyl or polyalkenyl group has an average molecular weight of about
10,080 mrefesblit 250006 Ot Hi4beateT A6, abdmate rofetablit 30001, 06 to about
hydrocarbyl-substituted succinimides are typically prepared by reacting a
3,000y ey peelivyrs ebipadpsatcinr kairhyatipokithaty e pre ompolycmbineate
having at |east one reactive hydrogen bonded to an amine nitrogen atom.
whersifarredbing drsicvdy dstivedidivey ShlansHigeinaaudisths! prayrepineny
and_palyisobutanyl succinimides, and derivatives thereof. Examples of

hydrseaHEY AL REh Sl AifaErides st aped als vdiamdyin U s,

Patent Nos..5,393,309; 5,588,973;,5,620,486; 5,916,825; 5,954,843;
subsgt%tgg ﬂ&%s es, €., polyal?cy% and polyalkenyl succ?n?nnsdes wherein the -

polyalkyl or polyalkenyl group has an average molecular weight of about 500 to about
3,000, and preferably about 700 to about 3,000. The hydrocarbyl-substituted
succinimid_es are typically prepared by reacting a hydrocarbyl-substituted succinic
anhydride with an amine or polyamine having at least one reactive hydrogen bonded to
an amine nitrogen atom. Preferred hydrocarbyl-substituted succinimides include
polyisobutenyl and polyisobutanyl succinimides, and derivatives thereof.
Examples of hydrocarbyl-substituted succinimides are described, for examf)le, in U.S.
Patent Nos. 5,393,309; 5,588,973; 5,620,486; 5,916,825; 5,954,843; 5%993,497;‘and _
6,114,542, and British Patent No. 1,486,144, the contents of each of whxich are
incorporated by reference herein.

Useful Mannich reaction products are generally obtained from the Mannich
condensation of a high mo}ecufér weight alkyl-subsiituted hydroxyaromatic compound,
an amine containing at least one reactive hydrogen, and an aldehyde. The high molecular

weight alkyl-substituted hydroxyaromatic compounds are preferably polyalkylphenols,
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6,114,542, and British Patent No. 1,486,144, the contents of each of
which are incorporated by reference herein. 20 Useful Mannish reaction

WO ZOB:EQI%'H are generally obtained from the Mannich condensgdioR95RDighhe3

molecular weight alkyl-substituted hydroxyaromatic compound, an amine
containing at least one reactive hydrogen, and an aldehyde. The high
molecular weight alkyl-substituted hydroxyaromatic compounds are
preferably polyalkylphenols, 9 WO 2005/079279 PCTIUS20051004263
e.g., polypropylphenol and polybutylphenol , wherein the polyalkyl group

e.g., PASHONSHEES MPREUREMNRIeRI0hahaeoRR ioRROKY Y. ThiRmEege

reactant is typically a polyarnine, such as alkylene polyamines, especially

mole@iiy enght PoiyethYene RBHRMIEE, TheaxampleaathyiRneplamine,

diethylene triamine, triethylene tetramine, and the like. 5 The aldehyde

polydigaeiadicis geilieyhily aolpdiphaiic alsieliylde eduidnaofarohgddaliygiepol yamines, |

including paraformaldehyde and formalin, and acetaldehyde. A preferred

for eMaphishthghealiapiodg uBtisyidhiaimadibye ctnmbpisingtetpaolyiso bufyfiphBkel
with formaldehyde and diethylene triamine, wherein the polyisobutyl
The ajdohpdbasaarazhic gyeratileswbpriwtighidehyasosnd 66 GoExddeplets ohcluding
Mannish reaction products are described, for example, in U.S. 10 Patent
parafiNowldeh3de78d &gl BoTndasettldadnidents pleéaerddviwmiath agaction -
incorporated by reference herein. Additional examples of the foregoing
produgiditRisainge blecenisaging e erbrisslitipberolpgtbioneddetads Zsh:
6,616,776; 6,651,604 and 6,652,667, the contents of each of which are
diethyleps sBrmEne Hyharandhe @gitahutyl group has an average molecular weight of
about 1,000. Examples of Mannich reaction products are described, for example, in'U.S.
Patent Nos. 4,231,759 and 5,697,988, the contents of each of which are incorporated by
reference herein.

Additional examples of the foregoing additives are described, for example, in
U.S. Patent Nos. 6,203,584; 6,616,776; 6,651,604 and 6,652,667, the contents of each of
which are incorporated by reference herein.

Examples of antioxidants include, but are not Limited to, aminic types, e.g.,
diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl) amines; and alkylated
phenylene-diamines; phenolics such as, for example, BHT, sterically hindered alkyl
phenols such as 2,6-di-tert-butylphenol, 2,6-di-tert-butyl-p-¢resol and 2,6-di-tert-butyl-4-
(2-octyl-3-propancic) phenol and the like and mixtures thereof.

Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkyiene agents, e.g., polyoxyethylene lauryl ether, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylpheny! ether,

polyoxyeth'y}ene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethyléne

10



15 Examples of antioxidants include, but are not limited to, aminic types,
e.g., diphenylamine, phenyl-alpha-napthyl-amine, N,N-di(alkylphenyl)

wo asmes;rand alkylated phenylene-diamines; phenolics such @g:i@1s2665/004263
example, BHT, sterically hindered 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 and the like and mixtures thereof. 20
Examples of rust inhibitors include, but are not limited to, nonionic
polyoxyalkylene agents, e.g., polyoxyethylene lauryl ether,

sorfialy xyeiyiene, pighex yathohatbetierdohmasindene HRINVRRIRAY siyco!l
ether, polyoxyethylene octylphenyl ether, polyoxyethylene octyl stearyl

mosthEntgalearyeitivlend aley|fathescide)yiixyibyleRredidMe R QORIQAIRY Sits;
PCT/US2005/004263 sorbitol monostearate, polyoxyethylene sorbitol
parabrbieyie; and putyetlfyiéyiedticakohoh sheatehstepaikacibsasehatheids;
- fatty acids; dicarboxylic acids; fatty acid amine salts; partial carboxylic
pargigséasschetpbiyt uite gochltalsing detiamivaiktrytslwelrte dikidsnd
_partial esters thereof and nitrogen-containing derivatives thereof and the
5 mixfpeadgsdhixtures thereof. Examples of friction modifiers include, but are
not limited to, alkoxylated fatty amines; borated fatty epoxides; fatty
phoSphinelss ekdiehenimedifistyinthide L¥orsaat BRbsdinectiexyjated fatty
.amines, metal salts of fatty acids, fatty acid-amides, glycerol esters,
amifeRaFriSH EyIcRstarss el Y abp RIS dite R dRsEIdatY AN, uspsed;

No, 6,372,696, 1 o the ci)ntents qf which are incorporated by reference

Atk falfe At GrRGRimsTe GBI AL P o s dati SR pramisier F et ers,
borﬁggfgfﬁc@%]a egtgré?a%g%ét%p ,dmr‘%g% rqeegqarg Qggc?osce% Eg U.S. Patent, No, 6,372,696,
10 the contents of which are incorporated by reference herein; friction modifiers obtained
from a reaction product of a C, to Cys, preferably a Cg to Cp4, and most preferably a Cs to
Cao, fatty.acid ester and a nitrogen-containing compound selected from the group
consisting of ammonia, and an alkanolamine, e.g., those disclosed in U.S. Patent No.
4,729,769 and U.S. Serial No. 10/402,170? filed March 28, 2003, the contents of which
15 are incorporated by reference herein, and the Iike and mixtures thereof.
Examples of antifoaming agents include, but are not limited to, polymers of alkyi
methacrylate; polymers of dimethylsilicone and the like and mixtures thereof.
Examples of dispersants include, but are not limited to, poiyai_kilene succinic
anhydrides; non-nitrogen containing derivatives of a polyalkylene succinic anhydride; a
20 basic nitrogen compound selected from the group consisting of succinimides, carboxyiic
acid amides, hydrocarbyl monoamines, hydrocarbyl polyamines, Mannich bases,
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
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C20, fatty. acid ester and a nitrogen-containing compound. selected from
the group consisting of ammonia, and an aikanolanune, e.g., those

WO 2?5%%9%9 in U.S. Patent No. 4,729,769 and U.S. Serial No. p0/402:h69004263
iled Marc

h 28, 2003, the contents of which t5 are incorporated by
reference herein, and the like and mixtures thereof Examples of
antifoaming agents include, but are not limited to, polymers of alkyl
methacrylate; polymers of dimethylsilicone and the like and mixtures
thereof. Examples of dispersants include, but are not limited to,

pre PRIy ISREI SHEE it ANEDILHIE 8 RONKIIRERA OB derivatives of a

polyalkylene succinic anhydride; a 20 basic nitrogen compound selected

motSHRENSr IR UB SRNGISENENOLSY SRS, 1BRIRRXY iRcA%IE amidi@sivatives of
hydrocarbyl monoamines, hydrocarbyl polyamines, Mannich bases,

the ROMOPUALE Whichico DRl CRIBRXNIAC ths @ispétbaane:fy poBiiadeitonal
polar function, including amine, amide, imine, imide, hydroxyl, carboxyl,
sucanghitiRdikeriecg. fipinduitaidnWH 00/ ¢02 #8c BRIt /AH 20084004863
prepared by copolymerization of long chain alkyl acrylates or
polmtithieaeyaleanitih. monomers of the above function; and the like and
mixtures thereof. The derivatives of these dispersants may also be used.
PrefEbalfhy] trengispdrsarfis ase pafyaligletivosgigeinisnides meme b frohthis
animation of polyalkylene succinic anhydrides with 5 polyalkylene . '
invetipariceds herfuek compuisitianhdehst errdhtirattegrihgdughpidisers dpgather
method of this invention include a minor amount of at least one of the
witforagrimg foeuntiduiay teasbaretel with AIEeHRINAS AT 4D AR Bt uel,

e.g., an amount of greater than 50 wt. %,
preferably greater than about 70 wt. %, more preferably from about 80 to about 99.9 wt.

% and most preferably from about 90 to about 99.5 wt. %, based on the total weight of
the composition. The fuel for use herein can be any presently known or later-discovered
fuel used in formulating fuel compositions for any and ail such applications and engines,
e.g., a wide variety of two stroke and four stroke internal combustion engines such as port
fuel injection spark ignition (PFISI) engiﬁss, direct injection spark ignition (DISI)

engines, diesel, marine, natural gas and hydrogen fueled engines. Acqordingl y, fuels for

~ use herein include, but are not limited to, motor fuels, e.g., gasoline or diese] which may

also contain other components such as alcohols, ethers, or mixture thereof; kerosene; jet

fuels; marine bunker fuel, natural gas, e.g., methane; home heating fuel and the like and

mixture thereof.

For example, when the fuel is diesel, such fuel generally boils above about 212°F,
The diesel fuel can comprise atmospheric distillate or vacuum distiilate, or a blend in any ‘
proportion of straight run and thermally and/or catalytically cracked distillates. Preferred

diesel fuels have a cetane number of at least about 40, preferably above about 45, and
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preferably greater than about 70 wt. %, more preferably from about 80 to
about 99.9 wt. 10 % and most preferably from about 90 to about 99.5 wt.

w0 2046/drased on the total weight of the composition. The fuel ferusesbareingess

can be any presently known or later-discovered fuel used in formulating
fuel compositions for any and all such applications and engines, e.g., a
wide variety of two stroke and four stroke internal combustion. engines
such as port fuel injection spark ignition (PFISI) engines, direct injection
spark ignition (DISI) 15 engines, diesel, marine, natural gas and hydrogen

morfeiefdrabiginbevddateandtiog I Thiugis i fusiseahexsin includeaddb i@ #9brior to
limited to, motor fuels, e.g., gasoline or diesel which may also contain

the wifiticoarhponestsisirohrasealCOholsiathesnbernikiu dutieraohkalaganethe
jet fuels; marine bunker fuel, natural gas, e.g., methane; home heating

addifisel ahal deterikenamliemixture thereof. 20 For example, when the fuel is
diesel, such fuel generally boils above about 212F. The diesel fuel can
corfiprisevhamduphistits dresdine Bropadrdartyisd|faee; oragblecithin maphtha,
proportion of straight run and thermally and/or catalytically cracked

polymstiatedines BAgITE RN B fREISHEWCEslsatbon thabarlbr exatdest about
40, preferably above about 45, and 12 WO 2005/079279 o

hydreearborspers Jefpprediiaeiaiy abovildsourdsestaekyieseisiilipd in
can have such cetane numbers prior to the addition of any cetane

the 3, EAEIEOTHE Bl iRaDRR bt TR BEora SR B tRE: SR aren
a cetane improver. Also, when the fuel is gasoline, it can be derived from

CD"“%{?aifjﬁt‘?EﬁW%éBﬁ‘tﬁg,C@W%P%H%Pm@%a@&iﬂ@féﬁiaﬁyﬂéﬁfﬁy&

cracked or thermally cracked
aromatic hydrocarbons, and any mixture of these.

If desired, prior to dispensing the at least one fuel additive or the at least one fuel
and the at least one fuel additive to provide the compositiéns 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 méy provide potential leading candidate compositions. For example,
calculations can be carried out involving such factors as, for example, transition states,
bond lengths, bond angles, dipole moment, hydfophobicity, ete, of the compounds. This
can be carried ont using known software such as, for example, Quantum Mechanics
available from Accelrys {San Diego, California). |

Software for the design of test libraries can be used to design the original
compound test libraries based on input from the foregoing experimental program{s). This
software can be used to efficiently design test libraries that cover the desired
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
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hydrocarbons, catalytically reformed stocks, etc. It will be understood by
one skilled in the art that gasoline fuels typically boil in the range of about

wo 2089dmaout 450F. and can contain, for example, straight CI’I&BT[Q]BZ(}{}S/(]Q4263

branched chain paraffins, cycloparaffins, olefins, aromatic hydrocarbons,
and any mixture of these. 10 If desired, prior to dispensing the at least one
fuel additive or the at least one fuel and the at least one fuel additive to
provide the compositions herein, as discussed hereinbelow, it can be
advantageous to conduct molecular modeling of proposed compounds for

struct§® BT the SRAPBASHIORS /M %0 R BUAAHRASKEA QI RARIISIR: WHICH reaction

compounds may provide potential leading, candidate compositions. For

condXGHBPBuck: 6k MRliRRgCohefarriad Ot (salringfeust (aaiaig@asyéor
example, transition states, bond lengths, bond angles, dipole moment,

Strudiied oRftehicRe1atenof dhelcbinpounnds:cEhis (Gan Deegarriedi fuhisadinGuch
known software such as, for example, Quantum Mechanics available

QS AfropacAeaal yan(han RRiegal BalifomifivBoitwdrddostbesdesigrafipesnd test
libraries can be used to design the original 20 compound test libraries

librabaséa Gmrilmpusciremmthe foregoing experimental program(s). This software
can be used to efficiently design test libraries that cover the desired
exJédmentdsepatls ARcpmitiasstetis gddl tebe affisiag veb kgfeminBodd s more
Other software can then be used to analyze the data from the

data éxpelipeiedtshasri QDR pTeatsmsRan WrRTsasa vEidipusbdoEroping

PCT/US2005/004263 structure of the c;g?)ognds and/or compound
comprymnsidivreneriitihaitaret FRabERM L pidftRsae SeviFrbls RAmIGHEk e o

often referred to as QSAR software (Quantitative e
example, the compounds analyzed can be formulated into various fuel compositions, as

decribed hereinbelow, and then further analyzed by way of, for example, regression and
analysis technologies, using known softwa-re, .8 C*-QSAR availa-blé 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 sofitware fo predict their activity prior to their actual synthesis.
Additionally, such software tools may be utilized to prioritize a list of possible
compounds being considered for synthesis in such a way that one skilled in the art will
have a higher probability for success.

Referring now to FIG. 1, an example of a system to provide the foregoing
compositions in the plurality of respective test receptacles is generally illustrated as
syétem 100. Representative of this system and mcthbd for providing the foregoing
compositions in the plurality of respective test receptacles is one disclosed in co-pending

U.S. Patent Application Serial No. 10/699,510, filed on October 31, 2003 and entitied
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Structure Activity Relations) available from Accelrys (San Diego,
California). Such QSAR programs can then be used by the software to

wo W8sighsybsequent compound test 5 libraries for further screp@jf}gsg'&agmg 4263

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 fuel compositions, as io decribed hereinbelow, and

“Hiben TR aR@yZesryPARYA IR @Xanaie eLHesRon ANE ARSI IoNS

technologies, using known software, e.g., C2-QSAR available from

FOR@OBINSaDRIegoL Gstifornizg- iy thisieanaes evalidationwh the datdon

obtained from the molecular modeling can be achieved and then this data

assighnealdit biregitreatappiitaitoalie cigiielisthiSwiayh BRUROMBAHAISy reference

conceived by one skilled in the art can be 15 checked by the QSAR
hersioftitarsadpradiatstbedr thatitityppeient inthaii @cis alos hesis this system.and

Additionally, such software tools may be utilized to prioritize a list of
thatmesbeitivtonmpourdsibisingaddiusipenadifer thyrfthegidnp auabaine)s tahe

one skilled in the art will have a higher probability for success. Referring
pluradity ©f FIpedivartesxasngitroes system to provide the foregoing 20
compositions in the plurality of respective test receptacles is generally
i||us~’t§%n@f@% veysebi 4 gonRiap resmrativielet thissyomfneiml. nidtkot 112

roviding the foregoing compositions in the plurality of respective test

Con%eéata‘&’ebief KehsEirh siian i ths ipageineaddicuconsgulifir

No..10/699,510, filed on Qctober 31, 2003 and entitled 14 :
moditying the properties of the fuel. As one skilled mn the art would readily appreciate,
one or more of vessels 110 and vessels 120 can be used when dispensing more than one
fuels and/or more than one additive, respectively. For example, in the case of screening
fuel addiﬁve compeositions, one or more vessels 120 can be used witi-xout operating vessel
110.

Tubular line 111 is a conduit for communicating the fuel B to nozzle portion 113,
from which it can be dispensed into a seiected test reservoir, as described below. The
amount of fuel dispensed is determined by metering purnp 112, which can be computer
controlied.

Tubular line 121 is a conduit for communicating the fuel additive A to nozzle
portion 123, from which it can be dispensed into a selected test reservoir, as described
below. The amount of fuel additive dispensed is determined by metering pump 122,
which also can be computer controlled. Computer programs and systems for

automatically metering predetermined amounts of materials in accordance with a

preselected protocol are known in the art and can be used herein.

I5



10

15

20

wo 20EAMBINATORIAL LIBRARIES" by Wollenberg et al. and hayi

WO 2005/079279 PCT/US2005/004263 "HIGH THROUGHPUT
PREPARATION OF LUBRICATING OIL COMPOSITIONS FOR

. : S 2005/604263
common 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 5 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

forRaoingd. fﬁgisaﬁi yepsel ﬁa%QerSQngﬁé?ﬁ&éﬂpﬂﬁ% gl irﬂ‘é?fﬁei"ﬁ‘}i%;&(%?ﬁ%gve

be any of the foregoing additives for modifyihg the propertie

A caltt HAAPRSNAAIHRIG AT LPUA teadbyRPREIAE LA ORRIGE Q}gﬁd‘a\iﬁve

vessels 110 and vessels 120 can be used when dispensing more than

A caf®e SRlsdariof el e thanQpsaddiive mespectively For&XampIs dihibBRse

case of screening fuel additive compositions, one or more vessels 120

a mulBEh PR SEFLWABPBROBEFAIRG YRS hblifksT ubular line 111 is a conduit
for communicating the fuel B to nozzle portion 113, 15 from which it can

be HispeRsad intoacelecied tesinRsgMelnmas dasisidey halpwimbhewo -

amount of fuel dispensed is determined by metering pump 112, which can
vesséle eanpuiapiceatroled:ighpladdinait AldSa eeaduthtomoentinw aieiiogn

the fuel additive A to nozzle portion 123, from which it can be dispensed
and ¢otaracsaldbted 485 ke skraircasiddachipgdy 2@:sbedo el be aiditivet efdfustd,

additive dispensed is determined by metering pump 122, which also can
the veseselznplitericiRttroitéo: GemputaripreyidisehiZsystetmstippumps 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 transparent material (e.g., glass)

having a plurality of recesses 132 for receiving the dispensed fuel and additives. The
recesses provide test reservoirs wherein each reservoir contains fuel additive
compositions or fuel compositions of a different and predetermined compositipn, i.e., the
percentage and/or type of fuel and/or additives in each composition will vary from one
reservoir to another. Optionally, the reservoirs can be individual receptacles (e.g., test
tubes) mounted upon a rack, instead of being recesses in a block. Preferably, the test
receptacles comprise transparent glass tubes. While five reservoirs, 1.€., recesses 132a,
1320, 132¢, 132d, 132e, are illustrated in FIG. 1, any number of reservoirs can be
employed herein. For example the system can employ 20, 50, 100 or even more test
receptacles and samples a.s required.

The individual reservoirs are adapted to hold relatively small amounts of fuel or

additive samples. The sample size in each reservoir can generally be less than about 50
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automatically metering predetermined amounts of materials in accordance
“with a preseléected protocol are known in the art and can be used herein.

w0 20b3/0/2,8005/079279 PCT/US2005/004263 Nozzles 113 angl-J2338< 104263

preferably in close proximity so that fuel B and additive A can be

simultaneously dispensed in a test reservoir. Alternatively, fuel 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. 5 The vessels 110 and 120 can be under pressure, Optionally,

ml, pRIELHIAMINRDKRRSR H6RNBEAMRIRYEHHMRIGHNG RUTRS-AYITallg forHse

in the invention are known and commercially available. In the event that
preféi@ynisaotstidg b ROMIME s 9 $86re HBERI8/8c118:anMLA 28 ARF/aL.
the tubular lines 111 and 121, metering pumps 112 and 122, and/or
noZHes:iilBaard] 383npaiieheatacie facilimtmiuitiowhereiareuah 1@
The test frame 130 includes a block 131 of transparent material (e.g.,
one glagsy. halingghphumality mbéveseases i3 fpereneivingntbqudisnensperius is
and additives. The recesses provide test reservoirs wherein each
withie e yoirveontafnsefunlcadditjvebetmpositiomnser ik pompasitions mbecment
different. and predetermined composition, i.e., the percentage and/or type
are petirsgdint onadditiodisrient Hehte ipusitich withvanyeliapooreslidatds eavoige
to another. Optionally, the reservoirs can be individual receptacles (e.g., '
movablg ippkayial saietvepiniaimsdon seattofbenytidbepssisiin a ivcled
Preferably, the test receptacles comprise transparent glass tubes. While
receshnASE MG shapasingaseiessl 133 1330 In apethesombodizestirghe nozzles:

illustrated in FIG. 1, any number of reservoirs can be
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 fuel and

additive(s), respectively. The apparzitus of system 100 is moved such that dispensing

" nozzles 113 and 123 are positioned above and in alignment with recess 132a. A metered

amount of fuel B and a .metered amount of additive A are simultanéously dispensed into
recess 132a, The dispensing nozzles 113 and 123 are thereafter repositioned to be in
alignment with the next recess 132b and the metered amounts of additive A and/or fuel B
are changed m accordance with a predetermined schedule of variation such that the fuel
composition in recess 132b has a different percentage composition of ﬁ.;e! and/or additive
‘than that in recess 132a. The pattern is repeated as the nozzles 113 and 123 are
sequentially aligned with the successive recesses.132¢, 132d, and 132¢ so that each
recess has a predetermined composition of fuel.

The components A and B are preferably combined in the reservoirs by mixing, for

example, by agitation of the frame 131, static mixing, individual stirring of the contents
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employed herein. For example the system can employ 20, 50, 100 or even
more test 20 receptacles and samples as required. The individual

WO mgmé%sare adap/ted to hold relatively small amounts of fugbqrmg%i%@mﬁ

amples. The sample size in each reservoir can generally be less than
about 50 16 WO 2005/079279 PCT/US2005l004263 ml, preferably no
more than about 20 ml, preferably no more than about 15 ml, more
preferably no more than about 10 ml and yet more preferably no more
than about 5 ml. The test frame 130 and dispensing nozzles 113 and 123
of 1Y RIBVARTHEALNELP P ANAID Cfir ANPICHAD ITBD WL TRANMEAL GNP with

apparatus by an equipment 6perator is 5 within the purview of the

gas, DYCHHDLLRPAYHIMCARANRMNS WHLAESraIMAble BOVGIE A ior to
préferred. In one embddiment the test frame 130 is mounted upon a
dispelidiab I eAmiagepBravabisdR sfateray %{?ié{%@ﬁ?élgi&%géﬁﬂiﬁg A% having
sequentially posﬁion a selected recess under the dispensing nozzles 113
a mitig LR3mbrAngienesedisnantidben ozt et and drdInaBeboptionaly
the vessels 110 and 120, are slidably movable laterally io and/or vertically
mixifpateaibplishdoshidnpehaidingaatzins dddiaridid 2B tesartestiing
procedure, vessels 110 and 120 are filled with the selected fuel and
addiice (8)e phaptictivilectprdpprretisal pystédndlOmisimgyétbuch that
dispensing nozzles 113 and 123 are positioned above and in alignment
compitiitiace shelj@dmitymetbreicaamarbofthes s amd e dterdgpasitdonholg
additive A are simultaneously dispensed into 15 recess 132a. The _
tenddispenshtefanongles vt 168 Bt 2,28sasteth éve af@rampdbitioabatitg bepinrality of
alignment with the next recess 132b and the metered amounts of additive
fluidsamples foeligposit formation is schematically illustrated. The samples can include

fuel additive compositions containing at jeast one fuel additive or fuel compositions

écmtaining one or-more fuels and one or more fuel addiﬁves, such as those described
herein.

System 200 is schematically illustrated wherein an array of test receptacles 212
are mounted in a holder 215. The system 200 is adapted to accommodate any number of
test receptacles 212 (and samples). Each sample is identifiable, for example, by the
position of its test receptacle in an ordered array in holder 215, or more-preferably' by
having an identifying mark associaied with it. For exampie, each test receptacle 212 can
include an identifying bar code 213 affixed to the outer surface thereof. A bar code
reader 225 is positioned so as to be able to read the individual bar codes of the respective
test receptacles 212 and to transmit a bar code data signal to a computer controller 230
via a data transmission line 226 to electronically identify the sample. The bar code reader

225 is preferably movable with respect to the holder 215 in response to a signal from
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are changed in accordance with a predetermined schedule of variation
such that the fuel composition in recess 132b has a different percentage

wo mrenposison of fuel and/or additive than that in recess 132a.pthedRa3H8 004263

is repeated as the nozzles 113 and 123 are 20 sequentially aligned with
the successive recesses .1 32c, 132d, and 132e so that each recess has
a predetermined composition of fuel. The components A and B are
preferably combined in the reservoirs by mixing, for example, by agitation
of the frame 131, static mixing, individual stirring of the contents 17 WO

compROS/ERRBTRPETAIS2005d BO4R68KIE e FRSERVAINENEIbARICRl Bhidual test
magnetic stirring) and/or by bubbling the reservoir with gas, e.g., nitrogen.

recePlatiendlly, fuel B and additive(s) A can be combined prior to dispensing
into the respective reservoirs. For example, a single dispensing nozzle
havinptatmizisgdiiadikbmchnide used;hihenein SuelhangagditiveéshMAism
are metered into the 5 mixing chamber and then dispensed through the
252 ndhglechrbahescoddvsindDisddaigeapurmlindofdeckptaciesfiatie DEEm
provided containing fuel compositions, the plurality of fluid samples can
accopisnqsevathaigizst oo irfépetmo fram g oraputen ciasrdlefcl it gndamote BIGteR,
a system for sequentially analyzing a plurality of fluid samples for deposit
recepipria iy A ROULRBATHGEUNG HRiiraidn sviikattinserpteiniHudenBdigatan be
additive compositions containing at least one fuel additive or fuel
measirhBidepesibrmantion Gk JhmeRBRES eritrolier 37 isrepfuetively
addigves such as those described herein. System 200 is schematically -

ssffiifatath ASTRNh ‘i TRRPUF RSPl fe8tp0l pignal transmission line 231

to selectively retrieve predetermined test receptacles for measurement and then replace
them in their assigned respective positions in the holder 215.

Testing station 220 includes means for testing the samples for deposit formation.
Deposit formation data results of the test are converted to an electrical or optical signal
and transmitted via signal transmission line 223 to computer controller 230. Various
means for depo;v.it formation testing are known and generally include subjecting the
sample to a deposit formation environment and measuring the deposit formation of the
samplé over a predetermined period of time.

‘For example, one deposit formation test method of the present invention utilizes
thermal gravimetric analysis {TGA). In general, thermal gravimetric an:;}ysis isa
technique to aﬁa}yze a fuel addifive for rate of thermal decomposition in order to
determine whether the additive will increase fuel deposits, e.g., combustion chamber
deposits. In this method, the sample containing at least one fuel additive is placed in 2
suitable vessel and heated to a predetermined temperature, e.g., from about 100°C to

about 450°C, by using any conventional heating source, under air flowing at a
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are mounted in a holder 215. The system 200 is adapted to accommodate
any number of 15 test receptacles 212 (and samples). Each sample is

wo 24d80tdiable, for example, by the position of its test receptaclg ifyansos6tos6shes

array in holder 215, or more preferably by having an identifying mark
associated with it. For example, each test receptacle 212 can include an
identifying bar code 213 affixed to the outer surface thereof. A bar code
reader 225 is positioned so as to be able to read the individual bar codes
of the respective 20 test receptacles 212 and to transmit a bar code data

pre&ah iR AreRMMer SANINAUEIR30 1 iR AKIA @ Hians IS A HInE R 26nt0

electronically identify the sample. The bar code reader 225 is preferably

med¥N10UADIR VotBRSPati e praibeltened pdidesaenss xa signaddiim Iinutes to
WO 2005/079279 PCT/US2005/004263 computer controller 230 so as to
abole 1Rt oppIH R RIOREenhyihs sRiactewd ndhddiahitatdrepapingles 212,
A robotic assembly 250 includes a movable arm 251 with a grasping
abomeohe]dept25 il kenabeticofksenpbiddscadapie datograspras, iagdiyidoat 30
test receptacle 212 in 5 accordance with selection instructions from
minooenputbthearfiralier R30ed nd aseventhpriesicracepdaetertarapositign about
testing station 220 so that the sample in the receptacle can be measured
30067, ddpsosit foeptifon aatddithadmrdeteremet giteicf3d iuperativbhpt 30
associated with controls to the robotic assembly via control signal
mingtaisrhissioridhieDde senpdeeititeagrdet el Gpratbtatnifudiissheating period
receptacles for measurement and then replace to them in their assigned
andraligrebg\finpoasatng ReRE- hohecti e rre sy W%&W@@m&%ﬁé&%

for testing the samples for deposit formation. )
predetermined temperature and then from the first predetermined temperature to the

second predetermined temperature is recorded and the percent loss, i.e., volatility, is

calculated. (The final weight at the second predetermined temperature is also considered

residue.} The weight loss percent of the fuel additive is then recorded.

In another test method for use herein a substrate, e.g., 2 metal substrate such as
aluminum, is position in a testing station and heated to a predetermined temperature, ¢.g.,
a temperature ranging from about 80°C to about 250°C and preferably from about 125°C
fo about 175°C. Preferably, the substrate is corﬁigured such that it is held on an incline,
e.g., about 45 £o 90°, to determine deposit formation. A sample of a fuel composition
containing no fuel additive is then contacted with the substrate for a su%ﬁcien_t period of
time for fuel deposits to form, e.g., a time period ranging from about 1 hour to about 48
.hours. After the predetenmined period of time, the substrate containing, if any, fuel
deposits is weighed and this data is recorded. A sample of a fuel composition containing
at least one addiiive, e.g., a detergent, is then contacted with the substrate containing

deposits for a predetermined period of time e.g., a time period ranging from about 1 hour
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Deposit formation data results of the test are converted to an electrical or
optical signal and transmitted via signal transmission line 223 to,
wO 2@smpuamer controller 230. Various means for deposit formatiootasting 66263

known and generally include subjecting the 15 sample to a deposit
formation environment and measuring the deposit formation of the
sample over a predetermined period of time. For example, one deposit
formation test method of the present invention utilizes thermal gravimetric
analysis (TGA). In general, thermal gravimetric analysis is a technique to

to abmalyz daufsieNadditivestdistatte of ihechaitiecompbiRiton smosaar 10 Ztane
determine whether the additive will increase fuel deposits, e.g.,

and Gonshomition islken yerighedodits; dffatiis enethod tibdisdmptecsntainingahing
least one fuel additive is placed in a suitable vessel and heated to a

the i dsatenemddidverfisarmaringany, iroreritsiogt fueD@posiaboart 460G:by
using any conventional heating source, under air flowing ata 19 WO

deteppinsfbn sromung s psii el fess et radenog st theih o
about 100 cubic centimeters per minute, and measuring its volatility after

contzciad wath thei fad rImpRFiamsen@Iging g dtivafRlttas ths wbight of the
hour. Specifically, the sample is heated to a predetermined temperature,

subsg3je allfoRRiap G ARAY A thi P ErITRRS TP masRsaRta Frsasherp e

time,.e.9., about 30 5 minutes, and then further heated to a second
addltﬁ‘f@d@?é%%ﬁ?e‘ﬁ fh?ﬁﬁ%?ﬁfﬁ? ,‘%.@%&@3&?' 300C, where it is kept for an

_adcilf'ti Q;aé ‘graelgaeégrmége‘ga u%r(i) %of Otim?_, e'%ﬁli about 30 minutes. The _

welght OF e SampTe. s recordearar thid TEHOLAR PIRE ATLRE B eriod
comPiARE e IR DR PRLI Rt TR A RN M AR IR e B
selected based upon performance requirements for specific fuel applications and
prospective operating environments. If the test sample fails by having an excessively
high deposit formation value, the test sample can be electronically -marked_ and future
testing of fuel formulations having the same composition as the sample can be eliminated
from further testing for other performance characteristics. By not retesting failed samples
the system can be made to operate more efficiently, energy and time being spent only on
samples which prospectively meet the desired product specifications.

- If desired, the results of the methods of the present invention can be moﬁitored
from a remote location, i.e., a focation which is not in direct or at least i;l visual contact
with the system operating the method of the invention. A remote location can be, for
example, a central process control system or room which, as part of the overall system for
use herein, monitors and controls the system as well as records the outputs of each of the
results of the tests being carried out. In this way, it becomes possible for less interaction

with personnel being stationed at the location of the system. Suitable data lines, with
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predeterminéd\ temperature and then from the first predetermined
temperature to the;10 second predetermined temperature is recorded and

wo 20b3RRereent loss, i.e., volatility, is calculated. (The final weightetos/004263

second predetermined temperature is also considered residue.) The
weight loss percent of the fuel additive is then recorded. In, another test
method for use herein a substrate, e.g., a metal substrate such as
aluminum, is position in a testing station and heated to a predetermined
temperature, e.g., is a temperature ranging from about 80C to about

whichafiErahikPreteratilyairon aRIUE1Rkr 40 Rk AdS Grdyreiaraliynithe], are

substrate is configured such that it is held on an incline, e.g., about 45 to
knowd), to determine deposit formation. A sample of a fuel composition
containing no fuel additive is then contacted with the substrate for a
sufbeieniiferastioh dmertoafdvliephsitite toinwidorns tisserjiedderein can
ranging from about 1 hour to about 48 20 hours. After the predetermined
be spatibil afrbiainnilaisabstratepontdesringiftamytotisg | fidd positmistweihedy.
and this data is recorded. A sample of a fuel composition containing at
Alteteasveanetixdsiitiven engy, e dt@riatly othented itertighwlitntheddisosrate
containing deposits for a predetermined period of time e.g., a time period
compaisiisg hompaloo gtidréper@eW\or 206510 TIETSiPTand 3800 0ahe:s the
about 48 hours. Next, the substrate is rinsed with a suitable solvent such
datadeppethareicandae e snsrisadpdnaved pE e enppiisdhe sewbipriorial
fuel composition containing the at least one additive for removingany
fuel sranperition Hoerde Josidatbasmern e 9etd/inified SPsgmpembinsgons fora
weight of the substrate containing deposits after being 5 contacted with

desirp FURIUCH sBRHIBRICSHFMAE AL T uRsitvaher G titlesaTpRtos i S ream

varies depeﬁding on market factors. When the product requirements change, appropriate
combinations can be select.ed to prepare the desired product.

Relational database software can be used to correlate the i&entity of the fuel
compositions to the analytical deposit formation data obtained therefrom. Numerous
commercially available relational database software programs are availabie, fox; example,
from Oracle, Tripos, MDL, Oxford Molecular ("Chemical Design”), IDBS ("Activity
Base"), and other software vendors.

Relational database software is a preferred type of software for managing the data
obtained during the methods described herein. However, any software that is able to
create a "memory map" of each of the additives and compositions described herein and
correlate that information with the information obtained from the deposit formation
measurements can be used. This type of software is well known to those of skill in the

art.
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substrate after being contacted with the fuel composition containing at
least one fuel additive. The data is then recorded irt a database. If

WO 20058§ﬂ%d’ an assigned value of deposit formation is programdred0iesihe: 163
computer controller for "pass/fail* determination- Assigned pass/fail values
can be 10 selected based upon performance requirements for specific
fuel applications and prospective operating environments. If the test
sample fails by having an excessively high deposit formation value, the
test sample can be electronically marked and future testing of fuel

‘;WMHQQEJI%%@&H&&E%&Q@M@%&%BQ gRMPleCadRahould not be
1mi

nated from further testing for other performance characteristics. By

constri AEI6sHng Rl sdEamplesid® e sustersandemadetaopepttrale

efficiently, energy and time being spent only on samples which
embodiRSREaively Neetihegrsitepoprofuaiseciticationsciidegitedhihehose
results of the methods of the present invention can be mopitored from a
descrB&MNQRIDcat08 Hsed @ [neatiRnivhich fsmetiordiaetior dicleastiiryisial
contact with the system operating the method of the invention. A remote
differel@Gation &apshal. 0ha exdimple, thecanikall process: contjobystembodiroonts
which, as part of the overall system for use herein, monitors and controls
withinthie systenmdspietl dhie torasithess utpinsdbe dohdtine appsolisdherrio.
tests being carried out In this way, it becomes possible for less interaction
with personnel being stationed at the location of the system. Suitable data
lines, with 21 WO 2005/079279 PCT/US2005/004263 which the results of
the output, as well as control commands, may be transmitted, are known.
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Deposit formation data regarding each of the compositions described
herein can be stored in a relational database to provide a combinatorial
- fuel composition library. 5 Alternatively, the system may be electrically
connected to a signal data collector comprising a computer
microprocessor for system operation and control to collect the data from
the various tests over an extended period of time to compile the
combinatorial fuel composition library. The database can be used to find

WHankihd feh.AdiMbiadtions for a desired product stream, and can be

particularly useful when the desired product stream to varies depending
on mafkBtFasterssimtienthedivdises setdfepheatstoamgmaapivo priapes.
combinations can be selected to prepare the desired product. Relational
undgiREPRaE SoftiRlr ¢ YBAtS& Esed to correlate the identity of the fuel
compositions to the analytical deposit formation data obtained therefrom.

NuiieRSAY ComihREtERaly A EITSETR sk RAsaI arabRas E6 AR stotitdins
are available, for example, 15 from Oracle, Tripos, MDL, Oxford Molecular
sa’“@%ﬁ%’ﬁﬁéﬁl‘%i&ﬁﬁ,% €(9RURYG Base”), and other software vendors.
Relational database software is a preferred type of software for managing
the HALE BB EAIRAER LIRS (AL AL HRU ERSRY AFFGURF JaHpE
datasl%ngtaero yé%tki]ssgglq et_oanc eate a "memory map" of each of the additives
and composﬁloné des&ibed herein and 20 correlate that information with

the(icgf rrtrgﬁjﬁon %ll)etarineg fr?rg%ethﬁovgeposit formation measurements can

be u eg& |]snf(§/pe O?SlsloFt\%/are Is well known to those of skill in the art. 22
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2. The method of claim 1, wherein the at least one fuel additive is selected from
the group consisting of detergents, éetane improvers, octane improvers, emission
reducers, antioxidants, carrier fluids, metal deactivators, lead scavengers, rust inhibitors,
bacteriostatic agents, corrosion inhibitors, antistatic additives, drag reducing agents,
demulsifiers, dehazers, anti-icing additives, dispersants, combustion improvers and

mixtures thereof,
3. The method of claim 1, wherein the at least one fuel additive is a detergent.

4. The method of claim 3, wherein the detergent is selected from the group
consisting of aliphatic hydrocarbyl amines, hydrocarbyl-substituted poly(oxyalkylene)
amines, hydrocarbyl-substituted succinimides, Mannich reaction products, nitro and
amino aromatic esters of polyalkylphenoxyalkanols, polyalkylphenoxyaminoalkanes and

mixtures thereof.



While the above description contains many specifics, these specifics
should not be construed as limitations of the invention, but merely as
exemplifications of preferred embodiments thereof. For example, deposit
formation tendency tests other than those described herein can be used
to provide deposit formation data for the plurality of 5 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
appenbiedrehob o vganh PISre L AR 1S MeIaURIRE HifretriispUPBstoT
for screening fuel additive compasition samples, under program control,
cach SRS ARG REF PrBeAtit g SRIFRITY O F diffFRSTPHIC BERRVE BEPBsition
samples, each sample comprising at least gne fuel additive; (b)
deteRpIRdtiNg Yﬁ"é%’éb%i?f&%%ﬁ%ﬂ%f‘%%ﬁ%'ﬁﬂ?fﬂgﬁw?ﬁ@ﬁfd‘éi@ PO
formation data results for each sample; and, (c) outputting the results of
step (b). 2. The method of claim 1, wherein the at least one fuel additive is
sel%gt;]agefro t e gr u}g_gpnﬁg_tiprgtlgf detergents, 8%tane imprav

s
metno Cial W, € rede IH‘IIH% SmMpera 1‘ed§%"0fn about
octane improvers, emission reducers, antioxidants, carfier Tiuids, meta

] 0096?&%ﬁ%ﬁ%ﬁ?{f@%&%‘é‘?g@?&yr“SE'cPeE;é?éB "3r DACRIOSIANC. 30PN es o0
corrosion inhibifors, antistatic additives, drag reducing agents,

abo&em%ﬁfiers, dehazers, anti-icing additives, dispersants, combustion
Improvers and mixtures thereof. 3. The method of claim 1, wherein the at

least one fuel additive is a detergent.

7. The method of claim 3, wherein the weight loss of the sample is determined by

thermal gravimetric analysis.

8. The method of claim 5, wherein the step of heating the sample is conducted in

‘the presence of air.

9. The method of claim 1, wherein the step of measuring the depOSi.’E formation of
each sample comprises heating the sample to a first predetermined temperature and
d.etermining the weight loss of the sample after a first predetermined period of time and
then heating the sample to a second predetermined temperature and determining the

~ weight loss of the sample after a second predetermined period of time.

10. The method of claim 9, wherein the second predetermined temperature is

higher than the first predetermined temperature.
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4. The method of claim 3, wherein the detergent is selected from the
group consisting aof aliphatic hydrocarbyl amines, hydrocarbyl-substituted

¥g(f8%<&/alkylene) amines, hydrocarbyl-substituted SUCCihiprdie/ﬁg%@g}%ﬁQﬁ
action products, nitro and amino aromatic esters of

polyalkylphenoxyalkanols, polyalkylphenoxyaminoalkanes and mixtures
thereof. 24 5. The method of claim 1, wherein the step of measuring the
deposit formation of each sample comprises heating the sample to a
predetermined temperature and determining the weight loss of the

sample. after edetermined, period of time..6. The methad of ¢claim 5,
e HE P Tl iR AORI AP E00E M0t

. 455%5(,3 an_detrtclg ‘rfedtetermined period of time is from about 2 minutes to
ompIESEET KEUS Y e method of claim 5, wherein the weight loss of the
sample is determined by thermal gravimetric analysis. 8. The method of
claim 5, wherein the step of heating the sample is conducted in the

presenge %igggr%cgﬁmifﬂqﬂwﬂe?éiﬁlgmﬁwggamp%éig@a\%m%a%évé@%e

the deposit on of each sample comprises heating the sample to a

samp IS HRURASIGERNGE SRR AR @0 dndRtepauniBgsthe Weightdoss efthe:

sample after a'first predetermined period of time and then heating the

staticPRPIR R A SACANERERdRIS M nGehigmperature and determining the

weight loss of the sample after a second predetermined period of time. 10.
The method of claim 9, wherein the second predetermined temperature is

13. The method of claim 12, wherein said robotic assembly is controlled by a

coinputer.

14. The method of claim 1, wherein in step (¢} the results of step (b) for each
sample are transmitted to 2 computer, wherein the computer compares the results with 2
predetermined value delimiting a failure or passing of the results, and the computer

identifies failed sampies to preclude further testing of the failed samples.

15. The method of claim 1, wherein the step of outputting comprises storing the

results of step (b).on a data carmer.

16. The method of claim 1, further comprising the step of using the results of step

(b) as a basis for obtaining a result of further calculations.

17. The method of claim 1, further comprising the step of transmitting the results

of step (b) to a data carrier at a remote location.
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higher than the first predetermined temperature. 25 WO 2005/079279
PCT/US2005/004263 11. The method of claim 1, wherein the fuel
additive composition further comprises an inert solvent. 12. The method
of claim 1, wherein a robotic assembly selectively retrieves the 5 samples
from an array of samples and individually positions the samples in a
testing station for determination of the deposit formation. 13. The method
of claim 12, wherein said robotic assembly is controlled by a computer.
10 14. Pabighatiodgbpetaimtiiqduie seirdnisteip o) ding reigutisoh stap (h)dor
each sample are transmitted to a computer, wherein the computer
progarpsothecraBulgvith a predetermined value delimiting a failure or
passing of the results, and the computer identifies failed samples to
pre¢fldEoRifAmaraebtial biothd Faied SweimsiowosBias sahpl snetibdsahplaim
1, wherein the step of outputting comprises storing the results of step
COMBYBIE dbtd Cipram s Phat dsatheredpelaif GhfanHapiconsprisirgthest one
step.of using the results of step 20 (b) as a basis for obtaining a result of
fuek@AREY Balculations. 17. The method of claim 1, further comprising the step

of tr(%nsmitting th% results, of steP (b) to a data carrier at a remote location.
) measuring the deposit formation of each sampie to provide deposit formation

data results for each sample; and,

{c} outputting the results of step (b).

16.. The method of claim 18, wherein the fuel is selected from the group
- consisting of motor fuels, kerosene, jet fuels, marine bunker fuel, natural gas, home

heating fuel and mixtures thereof.

- 20. The method of claim 18, wherein the motor fuels are selected form the group

consisting of diesel fuel and gasoline.

21. The method of claim 18, wherein the at least one fuel additive is selected
from the group consisting of detergents. cetane improvers, octane improvers, emission
reducers, antioxidants, carrier fluids, metal deéctivator& lead scavengers, rust inhibitors,
bacteriostatic agents, corrosion inhibitors, antistatic additives, drag reducing agents,
demulsifiers, dehazers, anti-icing additives, dispersants, combustion improvers and

mixtures thereof,
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26 18, A high throughput method for screening fuel composition samples,
under program control, comprising: (a) providing a plurality of different
fuel composition samples, each sample comprising (i) a major amount of
at least one fuel and (ii) a minor amount of at least one fuel additive; (b)
measuring the deposit formation of each sample to provide deposit
formation data results for each sample; and, (c) outputting the results of
step (b). 19. The method of claim 18, wherein the fuel is selected from the
grotp coNsitiheiotimisiar fdelshwaiosenel rasfuste fmbribtherikerduielgent.
natural gas, home heating fuel and mixtures thereof. 20. The method of
claim 18, wherein the motor fuels are selected form the group consisting
of diesel fuel and gasoline. 21. The method of claim 18, wherein the at

leaston fUBF YRS e it i MeHs grat Bonkistsdismide mets,
R T N R e
o R R A RN S5 A i RS e e,
R e b R

mixtures thereof.

24. The method of claim 18, wherein the step of measuring the deposit formation
of each sample comprises heating a substrate to a predetermined temperature, contacting
the substrate with the sample and determining the amount of deposits formed on the

substrate after a predetermined period of time.
25. The method of claim 24, wherein the substrate is aluminum.

26. The method of claim 24, wherein the predetermined temperature is about

100°C to about 400°C.

27. The method of claim 24, wherein the step of determining the amount of
deposits formed on the substrate comprises determining the weight of the substrate
containing deposits and comparing the determined weight with the weight of the

substrate.
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23. The method of claim 22, wherein the detergent is selected from the
group consisting of aliphatic hydrocarbyl amines, hydrocarbyl-substituted
alkylene) amines, hydrocarbyl-substituted succinimides, Mannich

PO 0% 1
WO 20?@53/ i products, nitro and amino aromatic esters of PCT/US2005/004263

polyalkylphenoxyalkanols, polyalkylphenoxyaminoalkanes and mixtures
thereof. 24. The method of claim 18, wherein the step of measuring the
deposit formation of each sample comprises heating a substrate to a
predetermined temperature, contacting the substrate with the sample and

determining the amouynt of deposits formed on the substrate after a_
oAt ST BT Bh FA0F 5 PAGHRAS BF oA PUe el arerent
6 1substraite is aluminum..26. The me{hod of %I im 24, hg(r;ilg the .
uel SORPARHGR Somples oot SHmRlE FOR RS [P Qe Abgand vagugin the step
claim wherein the step of determining.the.amount of
o B D A e TS e
ini its. ay naring.the determined weight with
oS A LR O SRR IR
one 81 Fhe methodslclaimd S U Rereomprisin Vdﬁé%%&l&*gﬁ“ xrp%fsits
different fuel composition samples, each sample containing at least one

formibiebaREbWhsein: (8- 3le R0y eRBIIRG the JRROSH IREMalon & $aWNnple
sample comprises heating a substrate to a predetermined temperature, -
contSAMAGINEINBrRURSIALe Wit dhens g gieaiaiIRiAgiallea8ing the loss of

deposits formed on the substrate after a second predetermined period of time.

'29. The method of claim 18, wherein the at least one fuel additive further

comprises an inert solvent.

30. The method of claimh 18, wherein a robotic assembly selectively retrieves the
sampies from an array of samples and individually positions the samples in a testing

station for determination of the deposit formation.

31. The method of claim 30, wherein said robetic assembly is coﬁ_troll-ed by a.

computer.

32. The method of claim 18, wherein in step (c) the results of step (b) for each
sample are transimtted to a computer, wherein the computer compares the results with a
predetermined value delimiting a failure or passing of the results, and the computer

identifies failed samples to preclude further testing of the failed samples.
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5 one fuel for a first predetermined period of time to determine the amount
of deposits formed on the substrate, subsequently contacting the
substrate with at least one sample containing at least one fuel and at

WO 20024598 fuel additive and determining the loss of depositstSWegc}Ogﬁ’?%z@'

substrate after a second predetermined period of time. 10 29. The method
of claim 18, wherein the at least one fuel additive further comprises an
inert solvent. 30. The method of claim 18, wherein a robotic assembly
selectively retrieves the samples from an array of samples and
individually positions the samples in a testing 15 station for determination
of the aaﬁdm%ﬂﬁfﬁi%&%ﬁ%erﬁm%%% PR ISTPESTE ot the
assembly is controlled by a computer. 20 32. The method of claim 18,

Tes %ﬁ%ﬁ?ﬁ@it‘é‘b&(gﬁ%%aégﬁlts of step (b) for each sample are transmitted
to a computer, wherein the computer compares the results with a
predetermined value delimiting a failure or passing of the results, and the

o Y SR I8 R B ST R R RS

step gﬂt,zigg;%ayp%pégtmgﬁé%prggﬁy&%pg i5§5,storing the results of

p (b) on a data carriér. 34. The method of claim 18, further comprising
the step of using the results of 5 step (b) as a basis for obtaining a result
of further calculations. 35. The method of claim 18, further comprising the

stepsof HANSIMNN 9 BBim 18, further comprising the step of transmitting the

results of step (b) to a data carrier at a remote location.

36. A system for screening fuel additive performance, under program control,
coimprising: | |

a) a plurality of test receptacles, each receptaciekcontaining a different fuel
additive composition sampie comprising at least one fuel additive;

b) receptacie moving means for individually positioning the test receptacies in a
testing station for measurement of deposit formation of the respective sample;

¢) means for measuring the deposit formation of the sample in the testing station
to obtain deposit formation data associated with the sample and for transferring said

deposit formation data to a computer controller.

37. The system of claim 36, wherein the receptacie moving means comprises a

movable carriage.
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results of step (b) to a data carrier at a remote location. 10 36. A system
for screening fuel additive performance, under program control,
comprising: a) a plurality of test receptacles, each receptacle containing a
different fuel additive composition sample comprising at least one fuel
additive; b) receptacle moving means for individually positioning the test
receptacles in a 15 testing station for measurement of deposit formation
of the respective sample; ¢) means for measuring the deposit formation of
the Kanpresivrieie tdstmig statishcty bBait@epeit Tomnivragaeemprises a
associated with the sample and for transferring said deposit formation
robQfit 3SR AUB R IREr BN Y Ry schinsh Mg geciwhirdividual
the.receptacie moving means comprises a movable carriage. 30 38. The
receg{Atlem of claim 36, wherein the receptacle moving means comprises a
robotic assembly having a movable arm for grasping and moving a
selected individual receptacle. 39. The system of claim 36, wherein the
receptacle moving means_comprises .means for agitating the test |
rocRptattes) A6 e Ly Bteit O CIalTh 58 SArRFSHS (e MEdHe o omprises
meall Ogtériqgtgpetqg%%ﬂt fé)rmc?égon of the sample comprises thermal
g‘rawmg{rlc alysIs. £t Iﬁ%e system of claim 36, wherein each test
receptacle has a bar code affixed to an outer surface thereof.

40. The system of claim 36, wherein the means for measuring the deposit

formation of the sample comprises thermal gravimetric analysis.

41. The system of claim 36, wherein each test receptacie has a bar code affixed to

an outer surface thereof,
42. The system of claim 41, further comprising a bar code reader.

43. The system of claim 36, wherein the at least one fuel additive is seiected from
the group consisting of detergents, cetane improvers, octane improvers, emission
reducers, antioxidants, carrier fluids, metal deactivators, lead scavengers, rust inhibitors,
bacteriostatic agents, corrosion inhibitors, antistatic additives, drag reducing agents,
demulsifiers, dehazers, anti-icing additives, dispersants, combustion improvers and

mixtures thereof.

44. The system of claim 36, wherein the at least one fuel additive is a detergent.

12
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42. The system of claim 41, further comprising a bar code reader. 43. The
system of claim 36, wherein the at least one fuel additive is selected from
the group consisting of detergents, cetane improvers, octane improvers,
emission reducers, antioxidants, carrier fluids, metal deactivators, lead
scavengers, rust inhibitors, bacteriostatic agents, corrosion inhibitors,
antistatic additives, drag reducing agents, demulsifiers, dehazers,
anti-icing additives, dispersants, combustion improvers and mixtures
therBof 142 syfesydtelmrofélaibeBe) watbraineptecit toattone fublfacitiie!
is a detergent. 31 45. The system of claim 36, wherein each receptacle
addiEbis S ARG A FrerBIRI s RTthed GRIVE BSHBdembANSERIe further comprises
at least one fuel. 46. The system of claim 45, wherein the fuel is selected
from the group consisting of motor fuels, kerosene, jet fuels, marine
bunk r%gfel, natural gas, home heating fuel and mixtures thereof. 47. The

systém OrCIAMT R WHEPTR-thESTHRPTUNR racleaiediamdin &r¥Broup

consisting of diesel fuel and gasolipe. 48, A combinatorial fuel composition
LaTpPisINg bt BoThpasits

“OniSrR P ING TusT COTABIETIBH S JEBEER RSO dREL TRl IR EIRy of

ifferent foeI compositions, each composition comprising (a) a major
hea{agiﬁ%i%%lt 0 alplléztiuslte %ﬁlglﬁjoe?l and (b) at least one fuel additive. 49. The

combinatorial fuel composition library of claim 48, wherein the fuel is
selected from the group consisting of motor fuels, kerosene, jet fuels,

mayne BNk ek Dairab 93k R0MENERING us! . and mixtures thereof,

consisting of diesel fuel and gasoline.

48. A combinatorial fuel composition library comprising fuel composition
deposit formation data for a plurality of different fuel compositions, each composition

comprising (a) a major amount of at feast one fuel and (b) at least one fuel additive.

49. The combinatorial fuel composition library of claim 48, wherein the fuel is
selected from the group consisting of motor fuels, kerosene, jet fuels, marine bunker fuel,

natural gas, home heating fuel and mixtures thereof.

50. The combinatorial firel composition Hbrary of claim 49, wherein the motor

fuels are selected from the group consisting of diesel fuel and gasoline.



50. The combinatorial fuel composition library of claim 49, wherein the

motor fuels are selected from the group consisting of diesel fuel and

gasoline. 32 51. The combinatorial fuel composition library of claim 48,

wherein the at least one fuel additive is selected from the group

consisting of deteigents,cetane improvers, octane improvers, emission

reducers, antioxidants, carrier fluids, metal deactivators, lead scavengers,

rust inhibitors, bacteriostatic agents, corrosion inhibitors, antistatic

additiveShedieg ragissiabfegjentspdetinlditiorny; dbbamers, arlibicinghe at least

additives, dispersants, combustion improvers and mixtures thereof. 52.
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one fuel additive is a detergent. 53. The combinatorial fuel composition
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consisting of aliphatic hydrocarbyl amines, hydrocarbyl- substituted
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bt rary cOm 6n‘§%sgark%a TB% ﬁ}beﬁﬂ rary of a plurality of different fuel

composition samples, each sample comprising (i) a major amount of at

least one fuel and (ii) a minor amount of at least one fuel additive, (b)
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one fuel additive is a detergent,

53. The combinatorial fuel composition library of claim 52, wherein the detergent
is selected from the group consisting of aliphatic hydrocarbyl amines, hydrocarbyl-
substituted poly(oxyalkylene) amines. hydrocarbyl-substituted succinimides, Mannich
reaction products, nitro and amino aromatic esters of polyalkyiphenoxyalkanols,

polyalkylphenoxyaminoalkanes and mixtures thereof.

54. A method for producing a combinatorial fuel composition library comprising

(a) providing a library of a plurality of different fuel composition samples, each
sample comprising (i) a major amount of at least one fuel and (ii) a minor amount of at
least one fgel additive,

(b) measuring deposit formation of each sample to provide deposit formation data
result for each sample; and,

(¢} outputting the results of step (b).



(c) outputting the results of step (b). 33 55. The method of claim 54,
wherein the fuel is selected from the group consisting of motor fuels,
kerosene, jet fuels, marine bunker fuel, natural gas, home heating fuel
and mixtures thereof. 56. The method of claim 55, wherein the motor fuels
are selected from the group consisting of diesel fuel and gasoline. 57.
The method of claim 54, wherein the at least one fuel additive is selected
from the group consisting of detergents, cetane improvers, octane
improvetse ampibeion veducerevhemoxidadts! tasdertdifommibtatroup
deactivators, lead scavengers, rust inhibitors, bacteriostatic agents,
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demulsifiers, dehazers, anti-icing additives, dispersants, combustion

hegiing e AR QR HikG (RS thereof. 58. The method of claim 54, wherein the
at least one fuel additive is a detergent. 59. The method of claim 58,
wherein the detergent is selected from the group consisting of aliphatic

hydrgc | amines,.hydrocarbyl-substituted poly(oxyalkylene) amines,
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and amfi 0 aram tic Gester of polyalkylphenoxyalkanols,
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polydikylphenoxyamninoalkaries and mixtures thereof. 34
57. The method of claim 54, wherein the at least one fuel additive is selected
from the group consisting of detergents, cetane improvers, octane improvers, emission
reducers, antioxidants, carrier fluids, metal deactivators, lead scavengers, rust inhibitors,
‘bacteriostatic agents, corrosion inhibitors, antistatic additives, drag reducing agents,

demulsifiers, dehazers, anti-icing additives, dispersants, combustion improvers and

mixtures thereof.
58. The method of claim 54, wherein the at least one fuel additive is a detergent.

59. The method of claim 58, wherein the detergent is selected from the group
consisting of aliphatic hydrocarbyl amines, hydrocarbyl-substituted poly(oxyalkylene)
amines, hydrocarbyl-substituted succinimides, Mannich reaction products, nitro and
amino aromatic esters of polyalkylphenoxyatkanols, polyalkyiphenoxyaminoalkanes and

mixtures thereof.



