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invention relates generally to nethods for high

t hroughput screening of fuel conpositions. 2.
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conmbi natori al approach for nmaterials synthesis is a

relatively new area of research ained at using rapid
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discrete organic molecules in the pursuit of new drug discovery, which have led to the
development of a growing branch of research called combinatorial chemistry.
Combinatorial chemistry generally refers to methods and materials for creating

15 collections of diverse materials or compounds--commonly known as libraries--and to
techniques and instruments for evaluating or screening libraries for desirable properties.

Presently, research in the fuel industry involves individually forming candidate

fuel compositions and then performing a macro-scale analysis of the candidate
compositions by employing a large amount of the candidate to be tested. Additionally, the

20  methods employed for testing each candidate composition require manual operation. This,
in turn, significantly reduces the number of compositions that can be tested and identified

as leading compositions.
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such, there exists a need in the art for a nore
efficient, econom cal and systematic approach for the
preparation of fuel conpositions and screening of
such conpositions. For exanple, fuel conpositions have
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engine can result in stress fatigue and wear in engine components such as, for example,

pistons, connecting rods bearings and cam rods.

The formation and accumulation of intake valve deposits can interfere with valve
closing which eventually 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 recirculation (EGR) flow. The collection of these
deposits can reduce the EGR flow. This will also result in a knocking engine and an

increase 1n nitric oxide emissions.
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woul d be desirable to rapidly screen a plurality of
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formati on tendencies utilizing small anmounts of each
sanple. In this manner, a high throughput preparation
and screening of a vast nunber of diverse
conpositions can be achieved to identify which

addi tives and/or 5 conpositions have reduced deposit
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composititek havkthetlioed deffds)t foremsion tendericlee. deposit formati on
of each sanple to provide deposit formation data for
each sanple; and, (c) outputting the results of step
15 (b). In accordance wth a second enbodi nent of the

SOMVIGIARY ORVIETE NQVENRIdNGh  throughput nethod for
screening fuel conposition sanples, under program
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anple; and, (c) outputting the results of step ( 3
composmon samples, under program confrol, 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 for each sample; and, (c) outputting the results of step
(b).

In accordance with a second‘embodiment of the present invention, 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 (i) a major amount of a 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 for each sample; and, (c) outputting the results of step (b).
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the screening of many different conposition sanples

i n afp)efplurelity of teveigerpiacies, ehel eacaptade cosgpwa differpritfiein
tendenci es of the sanples, e.g., how fast deposits
cbmpositiat sawdpdt comprising (1) 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
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 present invention advantageously permit the
screening of many different composition samples in an efficient manner to 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.
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descri bed below with reference to the draw ngs
wherein: FIG 1 is a schematic diagramof a systemfor
preparing a plurality of different 5 fue
conpositions; and, FIG 2 is a schematic diagram of a
system for measuring deposit fornmation tendencies of
conposi tions. DETAI LED
- EDEMBODI MENT(S) 10 The
present, inventlon is directed to a high throughput
scr e¥AToHs sboAEREsHre deseriadrhelnvhyith agferenge tp élaen%rflwalﬂs
tendenci es of fuel additive conpositions and fue
Waei§Rosi ti ons contai ning such fuel additive
conposi tions. The expression "high throughput” as
usedFKerlds a sdigalatic Biegrandefrastystent foropmpeaimgtaipdurabity of different
relatively |l arge nunber of different fuel additive
5 fiebopoisttioassandy fuel conpositions can be rapidly
prepared and 15 analyzed. In a first step of the

SCI eRIG.1nds FedHeadtiofiagiag ¢raasesh hnvedhiinndepatit feastion
one fuel additive is introduced in a plurality of

teh@SRRS ok ¥ Bk ARY of SEPRLRFRRS ¢ é‘ﬁ‘}gésnﬁﬁlsea(:h receptacl e
contains a difterent fuel I ve comnposition having
a different conposition dependlng upon the percentage
anount s and/or types of the additives combined in each

introduced in uralit spective test
L rese?gf‘omenngw@zp l%_%ewefydé hv% ﬁweal?ﬂuaf%%englg method for
di fferent fuel caonposition haV|n a different
determppiar depnsitdematign fradenséns of Al g%k%‘@rﬁoa@esmons 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

15  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 receptacles 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 each receptacle.

Alternatively, varying quantities of at least fuel and at least one fuel additive are

20  introduced 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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each sanple are stored in a data library. Adding the
information related to the deposit formation data of
each of the stored conpositions substantially
facilitates the selection of candi date conpositions
capabl e of successfully carrying out the deposit

for on tests under the desjred operati 5 .
conai e gPEdodraeyiof alfith SHEREETE e fu gt Yorar
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syeczbifiliyt qarryofg qui thealgpesitdgmahtioo nestssindenthe desir®thoperating
information may al so allow for cal cul ati ng necessary
cohditigiessorgfatittbry reqldieientes Aacutdih@lyf stetisg this ihfoemht@asih the
cost. The procedure is advantageously acconpli shed

et eatopiaDEraii no el lbware adai@saédtiea bl yubM fuel dddshositions
by, for exanple, a mcroprocessor or other conputer
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used herein shall be undérstood to nean the equi pnent
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. C.l
S

roprocessor or ot her conputer control device. %ﬁ
SRRty oot e TRE Aec ey erongsh BLGF pidfyes and
r use in the Bi h hr oughput scr eeni ng.. hod of

ol o i lramtebin Th ioaebe HuGeeBby FaamPisha frdks program
Such additives for use in the fuel additive and fue
cepiplsaf entgpatieatly contrelled by efor pXANI e agRiCTOprocRsseNpY Qsher computer
| ater - di scovered additive used in fornulating fue
contng slevice.o hlee exprrssip eprogratigionirole @s nsadl hgepén shallibeanderpiged to
limted to, detergents, cetane inprovers, octane
merp tiveupmauedihsimnin preddiog e, plaalityof ifuh persposdeums iser
fluids, netal deactivators, |ead scavengers, rust
automated and controlled by a microprocessor or other computer control device.

The 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 deactivators, lead scavengers, rust
inhibitors, bacteriostatic agents, corrosion 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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di spersants, conbustion inprovers and the |ike and

m xtures thereof. A variety of the additives are known
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avai |l abl e. These additives, or their anal ogous
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organigrsolverirto faradyl aslditbke eopfentrate. Theganomresmiteseusnialinioiclude at
fromabout 2 wt. %to about 90 wt. % preferably from

5  lealtddm 2boat 98 %1% tablmmt 10 &t.Wo,. préfeably ficas tbgut O8 et alslty about 25
fromabout 3 wt. %to about 50 wt. % of the

wi 0% 8@ ot pefdiabiyvRdia hbodd9® ] %itd@dut SO #4098 0@ he fieRistable
organi c solvent can be 10 solvents boiling in the
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0 shyschafisn Borosnrtoare ekl ifgnitc Homptksof ipepsotvents

the 15 fuel addltlve | es of detergents include,

ingipdehus argdrot Jiped g ak@atlﬁhnﬁe@&m@@h@aismrﬂ@auc hydrocarbon
detergents such as, for exanple, aliphatic hydrocar byl

semeB$.L.» rbymeoe,aolbyme, sylbws, etcutandithe pidsloyandsuyiatukss| thereqf. Aliphatic
am nes, hydrocarbyl -substituted succinimdes, Mannich

alcelnls i:(mtaining 3 to about 8 carbon atoms, e.g., isopropanol, n-butanol and the like,

in combination with the foregoing hydrocarbon solvents are also suitable for use with the
15 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,

20  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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products, nitro and am no aromatic esters of
pol yal kyl phenoxyal kanol s, 20
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derivatives of the foregoing nitrogen- containing
conmpounds and the |ike and m xtures thereof. Useful
al i phati c hydrocarbyl -substituted am nes which may be
enpl oyed in the present invention are typically
strai ght or branched chain hydrocarbyl -substituted
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al i phati c hydrocarbyl - substituted am nes include
sybstigired gumes igaludgrnelpenibyiespiand pplyirsheshinareamings and polyamines.
pol yani i nes. The aliphatic hydrocarbyl am nes
Therpliphgadhyduodattiyd ainmee ptnployedinghis negati@darb prepared by
conventional procedures known in the art. Such
calvepitabi groteddres kaswy in theane Sudrdiphitei hydrqeadghiraineoansl their
are described in detail in US. Patent Nos. 3,438, 757;
pRpadPor8 Af dedcribéd i® détail in3U 84 BateiiNos33,988)7%71 3,565,804; 3,574,576;
4,832,702; and 6, 203,584, the contents of each of

38038 056, 31 R0iSNS.0f 9T AL sh ¥ 20645 Bl %@m@ﬁg 8t Each Y8 Ghith are
hydrocarby1 substitufed poly(oxyal kyl ene) ami nes (al so

8&&% ﬂ%é el yether amines) are generally
rocar byl - stltuted poly(oxyalkylene) am nes,

droca b

o y%{%ﬁﬁ?‘e SRR AbEY PR B gRRY gﬁnaﬁepsa(”% Rl o
fro bout 3 a

peHietn LRl yaﬁ@goca bR e @a@&nemmes e,
and the am ne nojiety is derived from ampni a,

hystrogaghy) poky(Ryrikylengeresiaings andplyamingnivhaicin éhe Iyfdrogarbyl
pol yam ne having a termnal am no nitrogen 15 atom

giopp fezibs fromtlHe abxuyid0legiben etomsi e pumpér oflgayalkylene units range
oxypropyl ene or oxybutylene or a m xture thereof.

frEmchotmyidioabaut HPD,- awd lst artine ecbighyisydenxgdafirday laemenig aipnemry
are descri bed,

alkyl or secondary dialkyl monoamine, or a polyamine having a terminal amino nitrogen

atom. Preferably, the oxyalkylene moiety will be oxypropylene or oxybutylene or a
mixture thereof. Such hydrocarbyl-substituted poly(oxyalkylene) amines are described,
for example, 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
poly(oxyalkylene) monoamine is an alkylphenyl poly(oxyalkylene)monoamine wherein
the poly(oxyalkylene) moiety contains oxypropylene units or oxybutylene units or
mixtures of oxypropylene and oxybutylene units.

An additional type of hydrocarbyl-substituted poly(oxyalkylene)amine are

hydrocarbyl-substituted poly(oxyalkylene) aminocarbamates as disclosed, for example, in
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for exanple, in U S Patent Nos. 5,112, 364 and
6,217,624, the contents of which are incorporated by
wo edosoenee herein. A preferred type of PCT/US2005/004263
hydr ocar byl - substituted poly(oxyal kyl ene) nonoani ne
is an al kyl phenyl pol y(oxyal kyl ene) nobnoanm ne wherein
20 the pol y(oxyal kyl ene) npi ety contai ns oxypropyl ene
units or oxybutylene units or m xtures of
oxypropyl ene and oxybutyl ene units. An additional type
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an ar barnates as_di sc|l osed, faor exam 8 WO
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4, 160 648; 4,191, 537; 4,197,409; 4,233,168; 4,236, 020;
referznes hrgen. Thesp hydrogubyl pobisyelialeanldminagerbamatss cortian at least
contents of each of which are incorporated by
onebaicmuezdnartan and Mivese akgrdgomalebylhr weight of about 500 to about
pol y(oxyal kyl ene) am nocar bamat es contain at | east one
10260, prefietabbygpdoutai00 o auht 540€, aad navre preeatiy bismiti 1 AO0 to about
wei ght of about 500 to about 5 10,000, preferably

3a00UMA (HER k@ adeuirbAmA0 D al RDI IR bLIREAGeY adiHObirbamate
1,000 to about 3,000. A preferred am nocarbanmate is
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di et I
Succinr o bR S%ﬁgtdiﬁ I&fﬁ“’%“%%%?ig%efaﬂ%?%u%@d
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h I I ht of t
PRlyBlHY! OB R1o o ap Eﬁ%e,é"‘eéﬁﬁﬂm‘?wa?ﬁw§§6’w%out
The hydrocarbyl -substituted succinimdes_ ar

51008 and| nrsfersplyphpld/08yo plpal&ft,,Oﬁ% ‘The hydrocarbyl- substltuted

hydrocar byl -substituted succinic anhydride with an
seevimwidss aysdlyieatiymeerazad Myreaating @élydroewéyh‘selémtuﬁ@é succinic

hydr ogen bonded to an amine nitrogen atom Preferred
ahlyydiride swithyan -asitpsdri polytaedneshavigrit heasteme reactividgydrogen 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 example, 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 which are
incorporated by reference herein.

Useful Mannich reaction products are generally obtained from the Mannich
condensation of a high 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,
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%egg??‘%%igﬁt?‘é}‘g%?mfﬁ@f’m? 8@%98% maﬁﬁnét’e%ét%"@tﬁ'a%ﬁahym gh

oS5t o bl b b B0 s
2005/ 079279 PCT/ US2005/ 004263 e.g., propy!| phenol

foz syarpRl et gRe Shasping. dictipdencdripming etrigty éwamgreoarpﬂ tha dik

an average nolecular weight of about 600 to about
5 The gddehydarractant in genceadlotaaraliphatictaldshyde, bychas fomalichyde, including
such as al kyl ene pol yam nes, especially ethylene or
parafoyreiltstyda endfokmyalim, aedacetaldehyde ahpteferredtMytnichereaction
di am ne, diethylene triamne, triethylene tetram ne,

prédtt isebtdinddeby ondisingladiistdurygiehanviti Sriggaetyak hyd an
al i phatic al dehyde, such as fornal dehyde, i ncluding

diefiyrhe irinai A8 WHdR ik pbisBBhth Naro Hasaa%balag@mﬂt@mamelgm of

préferred Mannich reaction pro I s obfained

Héu g?gg?' Bl AU AR Y RBE AR 'dléé/t% %1{3 %pgr i 8%”91 US.

ene triamne, wherein't

o PSR AR B A e ?“%%fgenﬁso%f i N

f.or e¥gn§le in US. 10 Patent Nos. 4, 231, 759 and
refeTengS L the contents of each of which are
ref erence, herein. Addltlonal exanpl es

LP et mg&%ﬁéﬁm fotrgeing pedifi¥escars Besaridady for Sxamplpen
UI.Sr.] 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.

15 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-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, polyoxyethylene higher
alcohol ether, polyoxyethylene nonylphenyl ether, polyoxyethylene octylphenyl ether,

polyoxyethylene octyl stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene

10



U S. Patent Nos. 6, 203,584; 6,616,776; 6,651,604 and
6, 652,667, the contents of each of which are
wo pwsoparat ed by reference herein. 15 Exanpl esP@f/US2005/004263
anti oxi dants include, but are not limted to, amnic
types, e.g., diphenylam ne,
phenyl - al pha- napt hyl -am ne, N, N-di (al kyl phenyl)
am nes; and al kyl ated phenyl ene-di am nes; phenolics
such as, for exanple, BHT, sterically hindered al kyl

ol s such as 2, 6-di-tert-hutyl pheno

SR SoRietsh Bt g okt rhorgo e, e pabyitpiens elyeol
(2-octyl - 3-propanoi ¢) phenaol and the |ike and m xtures
MoRaplseF;, sterpic pgidppd @ﬁlebg“?’ aSls; idisrhexykis acidsy fattypeid amype salts;
are not linmited to, nonionic polyoxyal kyl ene agents,
partigl carbaxylio ssié eten of pelyhrdriodleaiply ésrh,ortmhlay% fijreny phiesindc acids;
hi gher al cohol ether, pol yoxyethyl ene nonyl phenyl
pettiakbesterptheseok yrat hiyd geneconing godeeingtives theegof and the like and
pol yoxyet hyl ene octyl stearyl ether, polyoxyethyl ene

5 nokwyds tiedrddr , pol yoxyet hyl ene 10 WD 2005/ 079279
PCT/ US2005/ 004263 sorbitol nonostearate,

pol yexyapley befmictisombditiers imoiROb@atenot difdte 8, \aBloRylaRE Fatty
gl ycol nonool eate; stearic acid and other fatty

affledStor LS AY %fﬂé/),li!‘ié%; ﬁ@t'y %ﬁés gl Yat@%})gxiéég, ﬂl%ysaﬁliﬁe%,; borated
partial carboxylic acid ester of polyhydric”al cohol;

kA FhA) MMindl, KERYL h19/aid8Gh@Pacia RAIL By
<R Pan PR e, B ol U RAHaBl TP oy RALEL BB Bl
and the |ike and m xt.yres t hereof . I
el sl S o ity I B R b N5 27206,
al koxyl ated.fatty am nes, borated fatly epoxides; .
10 eI i P RPF B GRPaLS horei ek Rgihess obtained
borated al koxylated fatty am nes, netal salts of
fifost 4 (pagtianaoduchet 3/CaloiGrs.anslerably agrajte &pepnésgnseferably a Cs to
borated glycerol esters; and fatty imdazolines as
(s, Battly osid @stenand. auitrégeneontaiiing @ngpand sdsctetrarh ghe group
contents of which are incorporated by reference
chesigting jof Aimhimohiapamdnandilfanelamimebt.gi, tede 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 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, polyalkylene succinic
anhydrides; non-nitrogen containing derivatives of a polyalkylene succinic anhydride; a
20  basic nitrogen compound selected from the group consisting of succinimides, carboxylic
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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froma reaction product of a &4 to C75, preferably a
C6 to C24, and nost preferably a C6 to C20, fatty

wa@eiod/oerrer and a nitrogen-containi ng conpoundPGEUSIIE4263

fromthe group consisting of ammonia, and an

al kanol am ne, 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 |ike and m xtures thereof.

Exanples _of. antif.oam ents jnclude, b are. not
PR oL giAIEs &t e 8RR pio L EHAES o mithectiBieg it

of dinethylsilicone and the |ike and m xtures thereof.
rRSpaTRG. B R Sorh e I dHe et gt iiereby The dhrivaes of
t o, pol yal kyl ene succi nic_ anhydri des; non-nitrogen

these dispeibanty e 3lenbs wed Brefesabhy | thediknarsants asqpalyaikylene
anhydride; a 20 basic nitrogen conpound sel ected from
stdeanigpidse geaved Siom ammandn efipotyatiiyiind esceiia pddyiiescwitlaci d
am des, hydrocarbyl nonoam nes, hydrocar byl

pphhlkalknapslyatvimani ch bases, copol ynmers which contain a
carboxyl ate ester with one or nore additional polar

f unctThefuel corisdsitidng Grasd Mehe Righ deoudhpuiRrechiiiz@fethod of this
hydr oxyl, carboxyl, and the like, e.g., products 11 WO

RSN a Rirldr dREERIAPRER Ine Bf B ASBEIMY fuel additives together

copol yreri zati on of long chain alkyl acrylates or

TSRS B FRTSIEL, By PR 1 9

rivatives of

' f h
oS3, AP AT Bkt PR BEAT0Y gheoos .

ol yal kyt ene * succ

b8 R A o gl PO SR ST Pl BB o ignt o

for use in the hi%h t hroughput screeni ng net hod of
thaompositignt hofiel foE pisdiered pAnRsrany ERIFALLYOORM qr daterrdispquered

of the foregoing fuel additives together wth a major,
feghosastin dermpating g‘éﬁtl corppositipas foreny) and alhsughwpplicagpns and engines,

greater than 50 wt. %
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)
engines, diesel, marine, natural gas and hydrogen fueled engines. Accordingly, fuels for
use herein include, but are not limited to, motor fuels, e.g., gasoline or diesel 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 distillate, 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

12
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preferably greater than about 70 wt. % nore
preferably from about 80 to about 99.9 wt. 10 % and

worews/opred er ably from about 90 to about 99.5 WeCT/¥$2005/004263

based on the total weight of the conposition. The
fuel for use herein can be any presently known or

| ater-di scovered fuel used in fornulating fue
conpositions for any and all such applications and
engines, e.g., a wde variety of two stroke and four

B S SO B B NS P BR hir
TR CE D LA T

Accordingly, fuels for wuse herein include, but are
addttiopjofp cd@na igproist-or fuel s, e.g., gasoline or diese
whi ch nmay al so contain other conponents such as

al condbs when therfucl ipgaspling, itrcen béiderasfl frokestaeghtrehaij @egphtha,
fuels; marine bunker fuel, natural gas, e.g., nethane;
fobymeer peatlinaghafuna| gasoiishe t daeal ytickley emacked e ¥tennalyt dragkeaf 20
For exanple, when the fuel is diesel, such fue

HgaRREdbhy ciglylisaliglRefsemabasiks 2t Ht will beusties®ld Hyuale skifled in
conprise atnospheric distillate or vacuumdi still ate,

t{?{]a@tlﬁ* gﬂ;glgﬁ ae i&[l?BQﬂ fd fﬂ?)r/éhf e%f%(l?ebi(li@% tBilAP?lﬂfA@mF. and can

er m nd/or Ccatalytica rac di st at es.
Pr ef er.r ed i esel el. s have,a, cet ane nunber, of
donfit Frsapsoig iRt FHnd ST RS S itaRiraBnggtetins
2005/ Q79279 PCT/ U 2005/0042&%» nore preferably above
argypRite hygrocatbanyrd @y mirdie ehleifave such cetane nunbers

prior to the addition of any cetane inprover. The

cet anbdasiiedh g¥iopto dispensingthe aplgass eng Aiekaddlithye o e at least one fuel

addition of a cetane inprover. Also, when the fuel is
agd $led dt deast ane feed ndditivawmreade the gompaesitiaing hereoh as discussed

napht ha, 5 polyner gasoline, natural gasoline,
headisdeldw, diadah pe adantegdowsito téreluoahdlycudaranddeting of proposed

hydr ocarbons, catalytically reforned stocks, etc. It
ddhipbuld foingke s the @Bmpysigdis (iskj fotrilatidhs) to determine which
compounds may 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, hydrophobicity, etc, of the compounds. This
can be carried out 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

13
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the art that gasoline fuels typically boil in the
range of about 80 to about 450F. and can <contain, for

we@x@sprey strai ght chain or branched chai n paredT/Us®05/004263

cycl oparaffins, olefins, aromatic hydrocarbons, and
any m xture of these. 10 If desired, prior to

di spensing the at | east one fuel additive or the at

| east one fuel and the at |east one fuel additive to
provi de the conpositions herein, as discussed

st Bte Y Sie Smaindhh Pfef)q?%i\g’g‘gég‘ggg%ﬁ‘d{?gﬂ (NS B cpgeaction
(i.e., formulations) to _determ ne

t
Wff Ifep n%aS' 'onSwﬁ'wemﬁswﬁ@’reﬂdP éﬁ@isélR Jofuars{Quantitative

candldate_co ositions. For exanple, 15 cal cul ations
SgaeiuiseAetivityiRethtions) availableang Ascrlfys(Sat Biego,4:salif¢rota). Such
exanple, transition states, bond |engths, bond

QYR pogragispah ¢hembrerintd bynthel safpharb iccdesign selsequent carhygound test
conpounds. This can be carried out using known
libedriewBor durshiet berasning. or  exanpl e, Quant um Mechani cs
avai l abl e from Accelrys (San D ego, California).

Sof t waE asd Frsudth@SARTréiams cdntiit tb tHeledfidi@Ry ©RBcrbéhins €As more
to design the original 20 conpound test |ibraries

dBASEEbIRBel NRLLE nisQhf QR B A IERR hitd, lop
progran(g). Th fgﬁgggfgﬁkfe canobe d?gd to efffgfgn??y

ch% blgféls thﬁﬁi& eg {gﬁgg{clr&%éf ﬁ@ﬁa[bﬁﬁi?st I E§%§1E%b?éjcompomds For

32k lgef”&%%%g?w%% i OW%%? S B Pl R s o
V\D 20 07927
bedsBise Gors s et SR8 oY N BbApGIARE Safsapegion and

conpound t reat nent condltlons andjor reaction

apaliils irknpdogicn, BHNEIGIoME safthvatss o8 & SISAT availpble frogn Aerelys

GAR software (Quantitative Structure Activity
($l Ricgarslifana). | lashie nfanoen Yalidetionyef thesdata dhteiged from the
California). Such QSAR prograns can then be used by

nidiecubo rodelig dan bd ashigredaud sequlantiate oapasmie dtest in a data
collector. In this way, new compounds, conceived by one skilled in the art can be
checked by the QSAR software to predict their activity prior to their actual 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
system 100. Representative of this system and method for providing the foregoing
compositions in the plurality of respective test receptacles is one disclosed in co-pending

U.S. Patent Application Serial No. 10/699,510, filed on October 31, 2003 and entitled
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5 libraries for further screening. The use of such
(SAR prograns can add to the efficiency of screening.

WA300807R79 data is coll ected, these QSAR progr arET/Usav05/004263

becone nore efficient at devel oping conpounds
libraries with increased probability for finding
desi rabl e conpounds. For exanple, the conpounds
anal yzed can be forrmulated into various fue
conpositions, as 10 decri bed herei nbel ow, and then

i TPl Er A eRre R foy L ERER Gy tdmons

. - ava bl e from Ac rys (San Diego,
RO PP AR ¥ Welkcrtibicoal a1 htisediognmon
obt ai ned fromthe nolecul ar nodel i ng can be achi eved
agvignee etk thepresemh ppplicatipnaths onfents phyvbigh are incarperated by reference
collector. In this way, new conmpounds, conceived by
hereen. slkis| th bl understbel hattthe presdneinyBntivings ketdinijedtib hiQSARM and
software to predict their activity prior to their
tleet bthet systenistves bs envidodbidtfoopravilling tsefdbegedipgtcortpositiog if the
may be utilized to prioritize a list of possible

pheMRYUNESpREve Gsesptdrsed for synthesis in such a way
that one skilled in the art will have a higher

pr Ob@i%héﬂail_‘y vEQEl ﬁlld)%ﬁﬁaﬁts a@%{)ﬁ{: bf g f&@@(nhg fifel . ﬂless@lnl 20
exanpl e of"a systemto provide the foregoing

[

SATRST 05 LD BHOAL L ool %zrgédﬂ@ac% g

r?%ﬁi%fy%%g%ﬂeg bhBels r%%%%*? YSLRMAR (LR 0 B A A

ogg 8’3@8 q\,/fe egsg}s sd 16 %E& qlag gg :?Jeqqid\gzq%: cgsp%g\ﬁxllg more than one
10/ 699, 510, filed on Cbtober 31, 2003 and . entitled 14

k(03 /meero shay ope-wrdidoe paspestingly 3 For eyamypler jipbeicpyogf screening

PREPARATI ON OF LUBRI CATING O L COWOSI TIONS FOR

TR NaTORIpRSitiohBRARPESCrehigsspls| 1128 shrebgused withoutopgrating vessel
havi ng a common

110.

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

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.
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assignee with the present application, the contents of
which are incorporated by reference herein. It is to
wheooandrerst ood that the present invention i s nBCT/US2005/004263

limted to this systemand 5 that other systens can be
envi sioned for providing the foregoing conpositions in
the plurality of respective test receptacles.

CGeneral ly, vessel 110 contains a supply of the

foregoing fuels B. Vessel 120 contains a supply of

addi tj v whi can b t he foregoin iy
Sadi Nogds’ %}Cﬂé G B flyst Br@xwab%r%%geloﬁ apd pgditive
fuel. As one SF led in the art woul d readi

Aapir e Enequshedispeasedin P deSbIESTEUB o ernay elih due) B additive
120 can be used when dispensing nore than one fuels
Appraybsrsequsniallyagdded ethe el resapenir. (Biggoezlps bl 3yandHgp can comprise
exanple, in the case of screening fuel additive
aguuipdsinnél pirsfte onenar mae eyrings sie¢des120 can be used

wi t hout operating vessel 110. Tubular line 111 is a
condUhe vésaels ¢ borandni 20adah b uiidee pfesaire. BOptbonally, zh@re piganttivo n
113, 15 fromwhich it can be dispensed into a

veskRchiebe éfploydd et g pundyss sdRSYIE fdpask MehOMvertidd are known
amount of fuel dispensed is determ ned by netering

a8 BPmrhdrial PRl £ilibEA T B &efRkk: GlghlFRRLS tlepor adTinJéL fe used,

l[ine 121 i$§ a conduit for connunlcatlng the f

@éj\dé L/ A0 gq26] QhHbfihe Bfak gﬁ]e{s]l%:ig and ﬁm&ﬁ@ éJu}npg 412 and

|spense |nto a se cte est resefvo
bed 2 d|t
147 Bt egqég affi1d %631"%%4" fo Roiilas S Aol h e
also an b uter co Conmput er and
syst arge d ShBE eSS r‘g) Forid H@nﬁs’e@a@e@@ &, elass)
anount s of materials in accordance with a_ preselected

haying a ebralyy ef resesies 133 formecayipg Siedlispanscs dugl aadiaddativgsn The

15 WO 2005/ 079279 PCT/ US2005/ 004263
recesses provide test reservoirs wherein each reservoir contains fuel additive

compositions or fuel compositions of a different and predetermined composition, 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, i.e., recesses 132a,
132b, 132c, 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 as 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

16



Nozzl es 113 and 123 are preferably in close proximty

so that fuel B and additive A can be sinultaneously
wale@wpereed in a test reservoir. Alternatively, PETIEs2085/004263

and additive A can be sequentially added to the test

reservoir. The nozzles 113 and 123 can conprise a

mul ti channel pipette or one or nore syringe needles. 5

The vessels 110 and 120 can be under pressure.

Optionally, nmore than two vessels can be enpl oyed.

n&ﬁ%«%ﬁr%ﬁé‘%@?ﬁéé‘@%ﬁ 5 abaretEapy o hﬂa@@éﬁlﬁ'}trﬁ%ﬁm

p@gggga viscogﬁﬁfg r adgltlves are used, th

YO Hge ai ﬁ’&‘/a'élil YPHROTE RERferably o are il!PP ahpyg S ml.
121, nmetering punps 112 and 122, and/or nozzles 113
and Thgteshisarpe | Hoadetispensingeqzzies 4l parid 1234 miable relative to
t heret hrough. 10 The test frame 130 includes a bl ock
ong anaghert Adthepgir manuahmpesrnalt of de gpparagghalssin eduipmeng operator is
plurality of recesses 132 for receiving the di spensed

5  wWithi thapdrvaaid of the @sentidre roboBc asslesispisovithd@o gragimable movement
reservoirs wherein each reservoir contains fue
apdistefeté@ InCERRAMHolIn@ASHh ftest Bfthe ¢RI eSdUntedBoRh sBdable carriage
di fferent and predeterm ned conposition, i.e., the

RIAEIBHM & URerAINHIRL v&ﬁﬁ@ﬁ dRtbctidntl ageQlier@dly hbiilsh 4 &lected
each conposition will vary fromone 15 reservoir

18008 lifeler hgalst)%ﬂlgl 1*)6221&41 B 3r§1§q bY Ol ShofiRPefifo lelghtV fhg lﬁ@kzles

recept ac es nmount Ed upon a fa

11 a{u? ??Sé%ﬁd . Co'ngl Ly %%%gs?sgls 1'1 aftl HOOgrlé Pdaq )féren%g/ bt)l%lateralﬂﬁy

Cep 2 cOo ransparen
le fiye reservairs, .i recesses 132b
L aﬂl_é)ze,ver&%%,w Sasrsh eosrtfqnas%ﬂfaleeéwzidﬁs H]B %1123any

nunber of reservoirs can be | oyed herein.
exanph & tasheg Rpedure. vessele A é}}fl argalledyyigh the sekf;@ﬁd fist and
test 20 receptacles and sanples as required. The
addidlive(s)d cespectizelpr Toe pppates fgupierad 09 & theved spell that distepsing
smal | amounts of fuel or additive sanples. The sanple
nerZes 113 anddR3 nrepesitionad abave gelneabgiyenb withessss Hia. A metered
about 50 16
amount of fuel B and a metered amount of additive A are simultaneously dispensed into
15  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 in accordance with a predetermined schedule of variation such that the fuel
composition in recess 132b has a different percentage composition of fuel and/or additive
than that in recess 132a. The pattern is repeated as the nozzles 113 and 123 are
20  sequentially aligned with the successive recesses 132c, 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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WD 2005/ 079279 PCT/ US2005/ 004263 m, preferably no
nore than about 20 ml, preferably no nore than about

wdos792more  preferably no nore than about 10Pei/Us20d5/004263

yet nore preferably no nore than about 5 nml. The test
frame 130 and di spensing nozzles 113 and 123 are
novabl e relative to one another. Al though manua
novenent of the apparatus by an equi pnent operator is
5 within the purview of the invention, robotic

chani sns W th progra bl e. nove t referred. . .
of el ctteshentcs { Alariigie el sader pCoubTing i resgoipiavit
sl i dabl.e carrj age vable in a | ateral and/or )

8% Ct8-HIrosFRr SPfIPRAllYsiehS 2pd aidéwéﬁﬁ &An B oB®Iner pRoRto

sel ected recess under the dispensing nozzles 113 and
dispgnsingrintpribe Frepectiiip irgerieint. ,For sarpile, A single dispensing nozzde having
and optionally the vessels 110 and 120, are slidably
armoivatgl chanbereran bé ysedOwherdihdnel\Beartdi additivy(s) & aacmetepddi isto the
positioning of the nozzles 113 and 123. In a testing
nkmgetarnesr aué draldspdiksed dncighdle aszlefihtoltibcrewdri éir.t he

sel ected fuel and additive(s), respectively. The
appaiCaicél thefluraity o€ FacdibclésShavo vesh (Hoaled dbataidhg ARNSI Ng
nozzles 113 and 123 are positioned above and In

cglngﬁsgﬁmy th\e/iptdaegftﬁ 688 d I3kAes AnTRILS L aly28PoR Hesit fibtdling

a netered anount of additive A are

' : ' d i . .

e P P EE 2 (RIS o LRl Rrind Uttty of
epositiqgned to be in .alignnen Lth the.next recess

ks 0 et oS oo By st b RS S Byt
B .6 changed. i n accordance wit redeterm ned ..

A A ECBRT s dion e TG nernare ntadliiB o Bistpugrattons

in recess 132b has a different percentage conpositiagn

cRtamipg ong o8 More igltiend pae orhens fagl ddifipesy Bich 38 thpsodescriprd
pattern is repeated as the nozzles 113 and 123 are 20

hewtjuential Iy aligned with the successive recesses

132c, 132d, and 132e so that each recess has a

pr edSystemi208 ds chepasially dlustodted whéreinBnarmep opEstanteptables 212
and B are preferably conbined in the reservoirs by

afg pabi@ed in@rholder 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 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
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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exanpl e, by agitation of the frane 131, static m xing,
i ndividual stirring of the contents 17 WD 2005/079279
wEFansB82005/ 004263 of the reservoirs (mechani Pel/Us1005/004263
magnetic stirring) and/or by bubbling the reservoir
with gas, e.g., nitrogen. Optionally, fuel B and
additive(s) A can be conbined prior to dispensing into
the respective reservoirs. For exanple, a single
di spensi ng nozzl e having a mxing chanber can be

used, wher.ei uel B.and. addjtive(s) A ar tered. .
C‘?“Fﬂ%ertcﬂ%“@ﬁl‘ng?(@ PRSI Qﬁﬁ%ﬁlﬂ%{ﬁbfeﬂﬁ e§b‘éﬂf§ éag‘f‘ﬁfi Bga’ﬁdual test
the nozzle into the reservoir. Once the plurality of
recpiaisddles have been provided containing fue
conposi tions, the plurality of fluid sanples can then
be afaPhprie @ssemblyk9oséludes grpgviagle ar@ﬂéémrqi%@sgramfgemmhn@wm
nowto FIG 2, a systemfor sequentially analyzing a
2. Urleelrobaticasenfoll yisddspaerploessasp @an intbyidsdl tesf meemsdlonll in
schematically illustrated. The sanples can include 10

adcolan@ddith seleetio® Msdtion® frsmaofipaientdtgrodtr 2130amitl nfsve the test
fuel additive or fuel conpositions containing one or

redByta1d 168 SosAidd PRSI stdiidh Q20 Y& thablid isirhME $n the WEdRpASle can be
t hose described herein. System 200 is schematically

AR b AIS s MREESidh B, BfifeR¥nBlite} EstrolIECR@EhE SR
rrlare nnunt%ﬂmrﬁ)a%%oﬁgér ZfS.H%Ee sngen1ZOd ig aaa t ed
as 801%&? Qi %gﬁg‘o% %WX%%%HPE %ss&flbly P Jo?ltcf%l &%%?RL%%L&%&&% 231
fan sanpl es). Each sanple 1s’identifiable, for
ex I t he positi of its . test receptacle in a
tosERETA et PRy B aef FaFeedrl e S an {sR PTG th Flace
havi ng.an identifying mark associated with it. For
thesdRpicd, asgigrad respsttiveqaigeatindh M5 | nl ude an
identifying bar code 213 affixed to the outer surface .
t her Besting Maten 22908l udes gargay fop pasting the samples s derasitdermagion.
be able to read the individual bar codes of the
Depspdemiation d@ta ressits olcthe steert eanven tard etegtriceberapkical gignal
bar code data signal to a conputer controller 230
and transmitted via signal transmission line 223 to computer controller 230. Various
means for deposit formation testing are known and generally include subjecting the
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 analyze a fuel additive 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 a

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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via a data transm ssion line 226 to electronically
identify the sanple. The bar code reader 225 is

w@e@sereamn y novable with respect to the hol derP@IBS1005/004263

response to a signal from 18 WD 2005/ 079279

PCT/ US2005/ 004263 conputer controller 230 so as to be
positionable in alignnment with sel ected individua

test receptacles 212. A robotic assenbly 250 includes
a novabl e arm 251 with a graspi ng nechanism 252. The

rge el et S8 B B oI SR PR er dr it gnd

i nstructions_from conputer controller 230 and nove_the
rpeesyring: itsvalatility after g Predstsanined Renad afdiss, ag-» Siom shont 2 pnutes to
so that the sanple in the receptacle can be neasured

apeyt H@ﬁosmecrfwmmthfowm ig hearpretocamrpdetesminedriemparatare, €.g.,
230 is operatively associated with controls to the

abolt A0DC, depeatitliy tewiparatwe for @l predetpmainet pemscho Ssngr.g. iaheut 30
231 to selectively retrieve predeterm ned test

miacegtaad thea findier easitoarsetdndgncictehtimed ephmeaurte.f.heivut

in their assigned respective positions in the hol der

R0, wiesd it Rkept B bR BdRRZhal prelidtglatindiBRASd bPfimbLSE.| Mdut 30
the sanples for deposit formation. Deposit fornation

rRiah@s. " Bl Sightt tﬁékggfpfes Is @Jo@d&lodrﬂ WRIstRd aBQ RO first heatmg period

el ectrical or opti Signal and transmtted vi

agg 8ﬁ thd ﬁﬁﬂ%&tﬁ% a{)%ﬂo%j | e (%gf‘greh% 1?1 n%{tsefrm‘ﬁ%é %t:?xjt loetﬁe ﬁrst

arlous or deposi I on tes
ener.al | nclude ecting the, 15 s
GRS e e WRR B P Bkt e &”? focthe
Slt formati on of the S ver a redeter
ssféigﬁaaedsﬁﬁﬂm (oAbt tersr Santing prgestt g en P B i
test nmethod of the present invention utilizes thernmal

cglculpteretlihpe dinglyeight; 3§ th@'p@g)n PredeigERiaed femperAgHTAdg also considered

gravinetric analysis is a technique to analyze a fue
resiidiict)i Ve Weightrlasseersent didheriak] addsiyapotben fegordedh order to

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, €.g.,
a temperature ranging from about 80°C to about 250°C and preferably from about 125°C
to about 175°C. Preferably, the substrate is configured such that it is held on an incline,
e.g., about 45 to 90°, to determine deposit formation. A sample of a fuel composition
containing no fuel additive is then contacted with the substrate for a sufficient period of
time for fuel deposits to form, e.g., a time period ranging from about 1 hour to about 48
hours. After the predetermined 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 additive, 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

20



20 determ ne whether the additive will increase fue

deposits, e.g., conbustion chanber deposits. In this
woredosom274 he sanpl e containing at | east one fuRtT/US2005/004263

additive is placed in a suitable vessel and heated to

a predeterm ned tenperature, e.g., fromabout 100C to

about 450C, by using any conventional heating source,

under air flowing at a 19 WO 2005/ 079279

PCT/ US2005/ 004263 predeterm ned rate, e.g. about 30

100 entj neter and

t%o%éﬁ??? eyt Mol ittty ortes vB g Dhiets o S guspeasipgafane
bout mnutes to_  about 1 hour.

asﬁ 8@ SgF%férq 13 thepwéﬂgﬁp iCae Féecﬂé%ﬁeé%"fttbe fuehcorprastionicAwaining

t enper at ur e, ?., about 200C, kept at this

@%@Sta‘tﬂ?raéd‘p@? of TRPRYIBZABY BTeIStHE Tie) depstsits parethersby .

about 30 5 mnutes, and then further heated to a

dstsoroimdd py eereparingi theweighinddhetubstete eangpining Bepeisits S0 Geing

where it is kept for an additional predetern ned

5  cpetactediwith the firel, compgsitiombmititinid® no fiieh bdditve(shhe theei @it obthe
the sanple, is recorded at the start, after the first

stistrhaicn@iePbdih®ebntaed vatl @e fileh eorﬁpd%aion%mbirmgg AeEasOhe fuel
The difference in weights fromthe start to the first

aBiiBdet B AREH (APORI@ldUR § daRthsthen fromthe first
predeterm ned tenperature to the 10 second

pr ed‘f—l‘@e"sﬁ‘éd“%g % %ﬁ@?"vﬁh%f%épﬁm{ f&ﬁ‘fl tijo%qs %ﬁaﬁxﬁﬁ?cp‘ifq {0

Ioss . e. Y, ca at ed.

com gber contt flerefos‘epé(s)s %}lpaﬁgr%gart{gﬁ? %%t?g assgéa Vaglfes {;%Ibso

rdered
fuel dditive is then recorded, In est ne
0 selied B po bl s ptEnegs Sp%wﬂfefuaf plifdona e
such as alumnum is position in a testing station
PERfRCqi G ORRatRg epviprEEtier Hithrdest sanple fails by diavig gn excessively
tenperature ranging fromabout 80C to about 250C and
hggi@eesattﬁoynﬁtmmamom@ tesPB@placanipe glect G lyPmarked arisl fypture
the substrate is configured such that it is held on an
tésting bhiagl foemylatiomhouing 4fe shme 90mpositichedsehesangldegpndicliminated
formation. A sanple of a fuel conposition
from further testing for other performance characteristics. By not retesting failed samples
15 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 monitored
from a remote location, i.e., a location which is not in direct or at least in visual contact
with the system operating the method of the invention. A remote location can be, for

20  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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containing no fuel additive is then contacted with the
substrate for a sufficient period of tinme for fuel

walepesifzto form e.g., a tine period rangi ngpdT/082005/004263

about 1 hour to about 48 20 hours. After the
predeterm ned period of tinme, the substrate

containing, if any, fuel deposits is weighed and this
data is recorded. A sanple of a fuel conposition
containing at |east one additive, e.g., a detergent,

.S then contacted th the substrate cgontainin
MR R rSRET e fitelle i e BBt Ao smicgd, are
time period ranging fromabout 1 hour 20 WD

kpgw8/ 079279 PCT/ US2005/ 004263 to about 48 hours.

Next, the substrate is rinsed with a sujtable sol vent
such Depositiermston datadegdrding gl of sheccompositieps dgstrgfreddierein can
The effectiveness of the fuel conposition containing
betstored inlagakatiommh datalhdeé to weviflor combingtorigidngl compogsios tibragy.
fuel deposits can then be determ ned by conparing the
Avesngdnivelgf the kesten by bakkcgoaltyadonhegedie pasinabdad E@lector
being 5 contacted with the fuel conposition containing

cBmhpfisial a @6@pliteV@{csopréd@sdon @or\/sﬁétéhfop@l%ti&hzﬁld COHRSILth }bKect the
after being contacted wth e fuel conposition

GaRNtdh ﬂie%n@ﬁs e &asder O @xtfexlr@:h peAslilb tir}{@to cbhipild ﬂ{eacohﬁ)matonal

then recorded in a database. If desired, an assigned

fé%lr?%ﬁpgiltl&eﬂ?éﬂg[ l’lfhg 4 Bdsg @aﬂ Be, e@ gc{ ﬁgﬂ;@gnﬁtﬂﬁ Q?Jlgﬁatlons fora

er con pass/ fFm na

Si ss/f ai dr 1 %l? t ed
EHERER el R & Ceaaf?. %ﬁ?ﬂy el V@se FEsFproatd seam
a QI [ cat',ons an 0S ive o at i n enV| r nents
vahts dgcy Clapigh % e ?5}5 Spes A £ appropriate
Irngh deposi t forrmtl on vaI ue the test sarrpl e can be -
w%tm conbr yelpgisdkiodrenats thederred Progysti ng of f uel
formul ati ons havi ng the sane conposition as the sa I e
can [Relagionatidatabasd softwarmchnibe ired ta eastelatgythe ddengityhadithe
performance characteristics. By not retesting fail ed
coappditenstd tHehanalyticdl dopasaforaatinm data bbtampé thetefromp r Numerous
efficiently, energy and tinme being spent only on
commercially available relational database software programs are available, for 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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sanpl es whi ch prospectively neet the desired product

specifications. If desired, the results of the nethods
w@boos®o2py esent i nvention can be nonitored frPem/ES2005/004263

renote |ocation, i.e., a location which is not in

direct or at |least in visual contact wth the system

operating the nethod of the invention. A renote

| ocati on can be, for 20 exanple, a central process

control systemor room which, as part of the overal

syst fo se herei.n nitors and.controls the

oyt PISthe abRR dSSBliRh i ot HEEoD P oS phauld notbe
results aof the tests being carried out. Ilpn this way
QopSified dhiRitsiob e IRniipR Gl Toegels asapRlifiaions of preferred
per sonnel bein%:stationed at the | ocation of the
egyhodiapgntsdfiereafy o geanaple.jdspesit fogmation tendgncydesty efrertizan those
PCT/ US2005/ 004263 which the results of the output, as
dgeqribed bereimrman bk ussshtprprayide dengsitfermatmnsiatatioetde phrdity of
known. Deposit formation data regarding each of the
differptsaples sesttds Thodoaklillbé incthe at avill elndsisit ofasylothar @nbodiments
rel ati onal database to provide a conbinatorial fue
VEIEHT €l stopRmnt isPifia b §the vehtier Rakefined By thé BIRinsyHpeidedh¥reto.
be electrically connected to a signal data collector
conprising a conputer m croprocessor for system
operation and control to collect the data fromthe

vari ous tests over an extended period of time to
conpil e the conmbinatorial fuel conposition library.
The database can be used to find opti mum conbi nati ons
for a desired product stream and can be particularly
useful when the desired product stream 10 varies
dependi ng on market factors. \Wen the product

requi renents change, appropriate conbinations can be
selected to prepare the desired product. Rel ationa

dat abase software can be used to correlate the

identity of the fuel conpositions to the analytica
deposit formation data obtai ned therefrom Nunerous
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commercially available rel ati onal database software
prograns are available, for exanple, 15 from Oracle,

wareiopo®279DL, Oxford Ml ecul ar (" Chem cal Desipail/P$2005/004263

IDBS ("Activity Base"), and other software vendors.
Rel ati onal dat abase software is a preferred type of
software for managi ng the data obtained during the
nmet hods descri bed herein. However, any software that
is able to create a "nenory nap" of each of the

iﬁﬁ&éﬁ%ﬁééﬁﬁgQEQHDOSitions descri bed herein and 20
tnformati on with the i nformation
obtai_ned, fromthe deposit formati gn measurenents can
be udedh high iﬂgwg%ét BRPed e et bt R GORPp D emeles
of skill in the art, 22 WO 2005/079279

g RUSZenSe0A283NPNAkIg e t he above description

contai ns many specifics, these specifics should not be
const(aeavidisg laipturality o6 digfect fusbadditivercoimpnsitibwsandese bach
as exenplifications of preferred enbodi nents thereof.

skmpleexappkiag atlepd snd fuebadditiviepn t endency tests ot her
than those described herein can be used to provide

depogh) méiuigd the depsbait Forhrfion Beaph Bk t/protid® deposit formation
different sanples tested. Those skilled in the art

Ml tbr £R¥ seh@e; ANy ot her enbodi ments  within the scope
and spirit of the invention as defined by the clains

et S Ry 1SS oughpur et hod for

screening fuel additive conposition sanples, under
program control, conprising: (a) providing a plurality

of d i2f fﬁxfe %Jthcfduo?lcla?nqqi, %Lgrginctggytqgelsg én%nfuglallggljti%lg is see?e%tbed 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 the

like 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.
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5 sanple conprising at | east one fuel additive; (b)
nmeasuring the deposit formation of each sanple to

w@emgide7deposit formation data for each sanpP@r/Us2vd5/004263

(c) outputting the results of step (b). 10 2. The

nmet hod of claim1l1l, wherein the at |east one fue

additive is selected from the group consisting of
detergents, cetane inprovers, octane inprovers,

em ssion reducers, antioxidants, carrier fluids,

met al activatqrs, |lead scavengers, rust inhibitors, .
bact dr (IDEFIEEHE SGnds ~Eerpidts OFp piihsasiias Lo deposh formation of
antistatic additives, drag reducing agents,

CABTAENG RIS taling ihs smpleita p predgfcapiaed tepwerature and

di spersants, conbustion inprovers and the 15 |ike and
detexminingsthe weighbloss of thersrnpheafis @ peddetsrmaingd periadhefitisnan

the at |least one fuel additive is a detergent. 4. The
nmet hod of claim 3, wherein the detergent is selected
fromthe group 20 consisting of aliphatic hydrocar byl

am neés Thhyshtladaitielaim Spulkéreinuheste pénifitodtamssth@pel from about
am nes, hydrocarbyl -substituted succini m des, Mnnich
08T td HBuiY VU0 6hé thePrddeRried p@THd T tiiedS BohLabd st BHsnuds to
pol yal kyl phenoxyal kanol s, pol yal kyl phenoxyam noal kanes
B0¢ 1 Houxt ures thereof. 24 WO 2005/ 079279

PCT/ US2005/ 004263 5. The nethod of claim 1, wherein
the step of measuring the deposit formation of each
sanpl e conprises heating the sanple to a predeterm ned

tenper gt ure and .deter.m nin he weight |loss of the .
sanpie 4 o o PRSP o Rl b EE O or R bl i deippuined by
nmethod of claim5, wherein the predeterm ned
thegalegrayifieliG aaksism about  100C to about 450C and the
predeterm ned period of tinme is fromabout 2 m nutes

to

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 deposit formation of
each sample comprises heating the sample to a first predetermined temperature and
determining 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 1, wherein the second predetermined temperature is

higher than the first predetermined temperature.
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about 1 hour. 7. The nethod of claimb5, wherein the
wei ght 1 oss of the sanple is determ ned by 10 thernal

w@e@gionery i ¢ anal ysis. 8. The nmethod of clai mBCT/US2005/004263

wherein the step of heating the sanple is conducted in
the presence of air. 15 9. The nethod of claim1,
wherein the step of neasuring the deposit formation of
each sanpl e conprises heating the sanple to a first
predeterm ned tenperature and determ ning the weight

| oss .of .1 he sanpl.e after, a first predeterm ned perjod
of ¢ il e ThAETEHOR i WadTeiR i pa s Combeorther
predet erm ned_ tenperature and determ ning the weight
opREseanipeEt ket e after a second predet ernined period
of time. 20 10. The nethod of claim1l, wherein the
second predeterm ned tenperature is higher than the
first predeterm ned tenperature. 25 WD 2005/ 079279
PCT/ U3200&6methedeBclalind 1, Winzeingtrblmdic @fsealbly selebtivelh egtaeves the
the fuel additive conposition further conprises an
sainplet froml aneanday of fampléseandefidividudfy pokiéions the smhsleLin t3sting
robotic assenbly selectively retrieves the 5 sanples

statioAfieREnhmytie ofXBEMRSIt Btshatidtdli Vi dual 'y positions
the sanples in a testing station for determ nation of

the deposit formation. 13. The nethod of claim 12,
wherein said robotic assenbly is controlled by a

COMPYLEHye flhod of claim 12, wherein said robotic assembly is controlled by a

computer.

14. The method of claim 1, wherein in step (c) the results 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 computer

identifies failed samples 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 carrier.

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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14. The nmethod of claim1l, wherein in step (c) the
results of step (b) for each sanple are transmtted

WO e00s/0zenput er, wherein the conput er conpares PEEUS2005/004263

results with a predetermned value delimting a

failure or passing of the results, and the conputer
identifies failed sanples to preclude further testing

of the failed sanples. 15 15. The nethod of claim1,
wherein the step of outputting conprises storing the
results ,qf. ste b), on a data carrier. 16...The nethod

o o ivlie el 8 O8 Ay SR Farp e ider
results of step. .20 (b) as a basis for obtaining a

PFREIYN CORFOL GRMMKSINEC al cul ati ons. 17. The nethod of
claim1, further conprising the step of transmtting

the fRPviding aplusaligy of differegt frelgpmposisipn sanplay. eachrsemplee

| ocation. 26 WD 2005/ 079279 PCT/ US2005/ 004263 18. A
chingtising (iba glajpu ameentmidt feast ose fugkbaridr(g) & venor@ompotsoftat trast one
sanpl es, under programcontrol, conprising: (a)
filaddidveyg a plurality of different fuel conposition

sanpl es, each sanple conprising (i) a major anmount of

at | e)sheadiivtngf theeppbid fdrivajiorBoMbabipsandI®ioProwdtie adpokie &rnation
one 5 fuel additive; (b) nmeasuring the deposit

dh@rmpBdacp farRile.6agh sanple to provide deposit formation
data for each sanple; and, (c) outputting the results

of st8R f L1t UFSt hod of claim 18, wherein
t he gﬁeﬁ&?sngé %cteéI?rg Rhe group consisting of
notor fuels, kerosene, jet fuels, marine bunker fuel,
nat ural gas, hone

19. 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 deactivators, léad scavengers, rust inhibitors,
bacteriostatic agents, corrosion inhibitors, antistatic additives, drag reducing agents,
demulsifiers, dehazers, anti-icing additives, dispersants, combustion improvers and the

like and mixtures thereof.
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heating fuel and m xtures thereof. 20. The nethod of
claim 18, wherein the notor fuels are selected form

wo b@sgraap 15 consisting of diesel fuel and geeDURV05/004263

21. The nethod of claim 18, wherein the at |east one
fuel additive is selected fromthe group consisting
of detergents, cetane inprovers, octane inprovers,

em ssion reducers, antioxidants, carrier fluids,

net al deactivators | ead scavengers, rust inhibitors,

ggt Ib?? t%:ill oy ?ggggrllg,rvgléecr:?onrég%%t gsti,gglg :ﬁl?eégc?c{itsi\’/e is a detergent.
demul sifiers, dehazers anti-icing additives,

di spersants, conbustion i nprovers and the Iike and

m xtures thereof. 27 WD 2005/079279 PCT/ US2005/ 004263

22. Phe Themstedef claim i vigreiptherdstongenhis salecteé fom thagroup

fuel additive is a detergent. 23. The nethod of claim
cRpsistwngent eliphatih bydfetazb yentindsshyskedoathtybsutistimtadt ody(gx aligylene)
consi sting of aliphatic hydrocarbyl am nes,
amygesolnairdoatbysstistiiuted sudcipimbigdsodaahikly teactdyn produais, R, and
hydr ocar byl - substi tuted succi ni m des, Mannich reaction

apfinslaroinatic Bdtdrk of ﬁd‘l?hlkﬁ?hdﬁ@xy&ﬂl&ﬂﬂl@ folmﬁ)@;ﬁ}&n@iyarmnoalkanes and
pol yal kyl phenoxyal kanol s, pol yal kyl phenoxyam noal kanes

AiRfresthecbasr €s thereof. 24. The method of claim 18,
wherein the step of neasuring the deposit formation
10 of each sanple conprises heating a substrate to a
predeternined tenperature, contacting the substrate

W th h I nd. ernlm
for rreg ”Hloﬁ ? 1% nq % ﬁler a eBroégée?Sel}nﬁgg'édéj%g?l?g)ﬂmanon
25. The nethod f claim?24, wherein the
ogﬁﬁ:%ltspglp@ Cloglpﬂls‘ifrheﬁtﬂﬂﬁ a su%gtrate 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 first 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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26. The nethod of claim 24, wherein the first
predeterm ned tenperature is about 100C to about

waeS07R279 The met hod of claim 24, wherein therPcL/Es200$/004263

determi ning the amount of 20 deposits formed on the
substrate conprises determ ning the weight of the
substrate containing deposits and conparing the
deternm ned weight with the weight of the substrate.
28 WD 2005/ 079279 PCT/ US2005/ 004263 28. The net hod of

cl ai m,1 further. co I Si rovi.din plurality of

di f f &fent Pisdiodod ﬁ%B’gﬁ%u e &ﬁ%’P‘é@?g By l%h%a"nﬂfl’é?hty of ifferent
C ntainhng at | east_ one fuel and wherein the step . of
fﬁéafgmpf’ﬂa I RS pErSh BRI feRtriB e st leag ORe Sughpndwherein the step
conpri ses heating a substrate to a predetermn ned

of sippEiriag fhedepeyhioapationglicach ssntpha ompsises heatinghe subsirpe do 2
containing at least 5 one fuel for a first
ppedsteemineditenepbrayane] eataofing thasulistra@eritr the semple coraamingtat least
of deposits forned on the substrate, subsequently

ono fiteh Gdriarfystifredesamnated pegodwfttinato deadinealcarf@mpbLdeposits
containing at | east one fuel and at | east one fue

fashibidton\Be aibeiraletsabdhiinig chitectin@SBe QbstrA€RAE iat Radt@h&Bgnple
on the substrate after a second predeterm ned period

cleﬁtatn'ﬁlfgeat 16h6t A2 -fucl AR BRERPEhHellaintE 281 dMEEFnD thBssAf

east one fuel additive further conprises an inert

RPONE Mrmed hgk%aﬁ&éﬂ%f ' WOPH&IdA o oot i ¢
aggkng%gwsgpéctlee y re{?F%&ggbgﬁégnganp§§gﬂfggnman
array of sanples and individually positions the

sanples in a testing 15 station for determ nation of

uhcr O9h T8 PR GBI 18 28 e B o bttt

conput er .,
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

station for determination of the deposit formation.

31. The method of claim 30, wherein said robotic assembly is controlled by a

computer.

32. The method of claim 18, wherein in step (c) the results 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 computer

identifies failed samples to preclude further testing of the failed samples.
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20 32. The nmethod of claim 18, wherein in step (c) the
results of step (b) for each sanple are transmtted

WO e00s/0zenput er, wherein the conput er conpares PEEUS2005/004263

results with a predetermned value delimting a
failure or passing of the results, and the conputer
identifies failed sanples to preclude further testing
of the failed sanples. 29 WO 2005/ 079279

PCT/ US2005/ 004263 33. The net hod of claim 18, wherein

t he ep.of qutputiing,c rises stqoring . the results

of  stdp BB egitaa! S TRar e Meaip ohquibLIR AT BRo iaring the
18 fgrth r conprising the step of using the results
rgpults g %tﬁlég’)PB)adéEa C3$hsis for obtaining a result of
further calculations. 35. The nmethod of claim 18,
further conprising the step of transmtting the

results of step (b) to a data carrier at a renote

| ocat3dodhe 1EtiRd.of Mlagy 48 dmthaycomprisegihegtepudusiag thietresudts of
performance, under programcontrol, conprising: a) a
spdpU(b pasi 4 hasisffort absdining a eguin of Astheeaddulatieaept acl e
containing a different fuel additive conposition

sanpl e conprising at | east one fuel additive; b)
receptacl e noving neans for individually positioning

the BEStyE RfeBRPHAELRI fi Q,fiﬁrthel'%pﬁlﬁﬁﬁ?é‘ﬂlﬁ%Ee@to'f%ngrfﬂfting the

nmeasur enent of deposit formation of the respective

. f.ar ' deposit formation
r%?ﬂ?hgmgg gg?p%af ee€§gﬁgﬁggscéﬁﬁ5n to obtain
deposit formation data associated with the sanple and

for transferring said deposit formation data to a
ks AT NI A A E L
novabl e carri age.
comprising:
a) a plurality of test receptacles, each receptacie containing a difterent 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 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 receptacle moving means comprises a

movable carriage.
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30 WD 2005/ 079279 PCT/ US2005/ 004263 38. The system of
cl aim 36, wherein the receptacle noving neans

w@eupniees a robotic assenbly having a novabl ePer/ns5005/004263

graspi ng and noving a sel ected individual receptacle.

5 39. The systemof claim36, wherein the receptacle
novi ng neans conprises neans for agitating the test
receptacles. 40. The system of claim 36, wherein the
means for measuring the deposit formation of the

sanpl ri ses.ther avinetric analysis. 10 41,
The 395 TR H&P%‘it'ﬂFé{c;ga R R RS Ri By ing gpsapt Spmiises a
has, a bar code affixed to _an outer surface thereof,
robotic-prsemblashavines meyablearanfor graspipgandneving 3 selected mdjvidual
code reader. 15 43. The system of claim 36, wherein
reqeptagle. | east one fuel additive is selected from the
group consisting of detergents, cetane inprovers,

octane inprovers, em ssion reducers, antioxidants,
carrier fluids, netal deactivators, |ead scavengers,

r ust 3bnThékgsensof cliiaciee whoasinahe tecageadlé movingmicass Odinprises
inhibitors, antistatic additives, drag reducing
Mﬁ@fosaglmmgwkﬁlrédewaes dehazers, anti-icing

addi tives I spersants, conbustlon i nprovers and the

i ke and m xtures thereof. 44. The system of claim 36,
wherein the at | east one fuel additive is a detergent.

31 Wy29fe é}%?e%ggigclﬁgj&%grgQ 9 141%91% for measuring the deposit

formation of the sample comprises thermal gravimetric analysis.

41. The system of claim 36, wherein each test receptacle 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 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 the

like and mixtures thereof.

44. The system of claim 36, wherein the at least one fuel additive is a detergent.
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45. The system of claim 36, wherein each receptacle
containing a different fuel additive conposition

wa200pl0892fur t her conprises at | east one fuel. 4BCT/Tkm®05/004263

system of claim 45, wherein the fuel is selected from
the group 5 consisting of notor fuels, kerosene, jet
fuel s, marine bunker fuel, natural gas, hone heating
fuel and m xtures thereof. 47. The system of cl ai m 46,
mherein the notor fuels are selected fromthe group

conS| of diesel and sol i 10 48. .
conbiaddf sk BENSEyh St ??95’ S
lL.uralit of di fferent fuel osi tigns, each
Wff8§?‘i“¥ Wopplediriper cappysesg n@?“&%ﬁﬁl of at |east
one fuel and (b) at | east one fuel additive. 15 49.
The conbi natorial fuel conposition |ibrary of claim
48, wherein the fuel is selected fromthe group
consi4ét iThg systenmrof dainf 4fe wherekethe Sish &, sejeeted fwel the grompi ne
bunker fuel, natural gas, hone heating fuel and
considtinged ntoh@rfeds, kefsBene] jee fuetsmmariad nunkad fubli@htural gas, home
conposition library of claim49, wherein the notor 20
Hetttgsfualrd seik®edsakbrégfom t he group consisting of diesel
fuel and gasoline. 32 WO 2005/079279 PCT/ US2005/ 004263
51. The conbi natorial fuel conposition Iibrary of
claim48, wherein the at |east one fuel additive is

sel egheqnf At BPCIQ{:IPW \Jfl@f&?ﬂ it hﬁgor%elgglie%lgagﬁ from the group

cetane | nprovers, ne |n'pr overs, emsSssio

cax?s%f{flg ?filegatfuﬁq)éh&jgﬁgﬁne carrier fluids, met al

scavengers, rust inhibitors,
bacteri ostatic agents, corrosion inhibitors,
antistatic additives, 5 drag reducing agents,

denmul sifiers, dehazers anti-icing additives
di s pé§ éno(ognbmatonal fuel composition library comprising 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.
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 fuel composition library of claim 49, wherein the motor

fuels are selected from the group consisting of diesel fuel and gasoline.
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conmbustion inprovers and the Iike and m xtures
thereof. 52. The conbinatorial fuel conposition

wo pdwsarsz7of claim 48, wherein the at | east oneCT/U81005/004263

additive is a detergent. 10 53. The conbi natorial fue
conposition library of claimb52, wherein the detergent
is selected fromthe group consisting of aliphatic
hydr ocar byl am nes, hydrocarbyl- substituted
poly(oxyalkylene) am nes, hydrocar byl - substituted
sucm

an Pl R AN

%ﬁ ghenox%agﬁnoalkanes and .m xtures thereof. 54.
oRe A ti ?Iﬁé eagremqspé{uaﬁ q)fé}etqrgpé]ts cetane improvers,

conposi tion Ilbrary conprising (a) providing a

octape HRBrOvTs. EnptsiAnarducprsotntigkidprip.exirier flaidscoptplodsiactivatprs, lead
sanpl es, each sanple conprising (i) a major anmount of
seavengess trush irdhilfitped, bagietiqstatiy agents, narrostonoiuhibitorss, antista@@additives,
| east one fuel additive, (b) nmeasuring fue

deaprpdsiing apents) deperdifies, dehazescintsring additioeq dixperdants, he

fuel conposition property data for each sanple; and,

combuddioh Piapiove@ ahf eherl&s dhd mixtfires tiRRo(D) . 33 WO
2005/ 079279 PCT/ US2005/ 004263 55. The nethod of claim
54, wherein the fuel is selected fromthe group
consi sting of notor fuels, kerosene, jet fuels, marine

bunkep fjje homlﬁﬂ%tUﬁﬂlfu% %31?%&95@1 1;16?53%';9& hYg! \glgé?gn the at least

m xt ures thereo e net i
. r fuels are selected fromthe group

og%§§f§<h%6:%g?%mg§nﬁ fuel and gasoli ne.

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 polyalkylphenoxyalkanols,

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 fuel additive,

(b) measuring fuel composition properties of each sample to provide the fuel
composition property data for each sample; and,

(c) outputting the results of step (b).
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57. The nethod of claimb54, wherein the at | east one
fuel additive is selected fromthe group consisting

wo@booderergent s, cetane inprovers, octane i nproRET/BE$2005/004263

em ssion 10 reducers, antioxidants, carrier fluids,
net al deactivators, |ead scavengers, rust inhibitors,
bacteriostatic agents, corrosion inhibitors,
antistatic additives, drag reduci ng agents,

demul sifiers, dehazers, anti-icing additives,

di spersapts, .c tign inprovers and the |ike and

i xt 0Pe ?H@P@gg? CTRin 89 WhERRR IHE(THEIAS SHCCIATOR B, group
wherein the at | east one fuel additive is a detergent.
cgusistipg®f moterdeldkeraseienict Bielswmarieg nkpiefugle kg gas, hame
selected fromthe group consisting of aliphatic
hegtineduelrapg mixtresdleeredy dr ocar byl - substi t ut ed

pol y(oxyal kyl ene) am nes, hydrocarbyl -substituted
succi ni m des, Manni ch reaction products, nitro and 20
am no aromati c esters of polyal kyl phenoxyal kanol s,

pol yabk Thehethod wé tiaino &b keieesn diednotod fitld hRSseldord €@in thd4roup
WD 2005/ 079279 PCT/ US2005/ 004263 60. The nethod of

cBhadtimo ot diewh Gt iaRd PRVEM. | Ng step (b) conprises a
deposit formation neasurenent. 61. A conbinatori al
fuel conposition library conprising fuel conposition 5
deposit formation data for a plurality of different

e SSOTRERGH0T RS FRATEPLY) Rl PR LA, Ol

anoynt of at .l east. one fuet addi tive. 5 . .
from the group consisting of detergents, cétane 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 the

like 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 polyalkylphenoxyalkanols, polyalkylphenoxyaminoalkanes and

mixtures thereof,
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60. The method of claim 54, wherein measuring step (b) comprises a deposit

formation measurement.

61. 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 least one fuel and (b) a minor amount of at least one

fuel additive.
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