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A FUEL COWPOSI TI ON FOR RECTI FYI NG FUEL GAUGE SENDI NG

UNI'T  PROBLEMS The present invention relates to a fuel

conposition for gasoline or diesel 5 vehicles. Mre
particularly, the present invention relates to a fue
conposition effective at rectifying fuel gauge
se dj u roblenB in fuel

EDBL-Cobrsodmah %QB&EEEIFYIN& ; BUBL GALIGE SENpING UNIT
passenger cars and |ight ?Eﬁ.lﬂéo BACKGROUND OF THE
I NVENTI ON Harnful sulfurs (el enmental and nercaptans)
found in many current marketpl ace gasollnes have been
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fuel storage tank are exf directly t
g&Heriiveeat reglifying fualoa&xw gen umi; prablems in ﬁnel stqrag@ tanks of

eIl SRSy Wil 545 SRS o

eitfubks, erratic operation or conplete failure of the
sending unit. On many fuel gauge sending unit designs,

the erratic operation or failure can glve_aln -
artificially hig [ e's

i nstrunent cl ust gﬂ%@h%@ﬁge@%ﬁn WE#E@ISH ver);

this can lead to the vehicle inadvertantly running

out of fuel, which has serious safety inplications

u higemful Batﬁyrscdeliemelmgal aad dn¢rcapians Ploadd i E@myfﬁua‘engmlleetplace
sendin n caII consi st of two key electrica
2GRS Sert SouaS EEadabst pberbated He GoUGS sending
COAlt B6MPBhets! B85S N Eng U C@H@Eﬁ@ﬁts aﬁ“eft E?F@aq’i todhted in the
cer am IIg@substrate and a@cont act w per ) %’ ?1&?
neitelaisdapl storage ek avéeara hmqseélctmuthetogyas@hsetrsmﬁﬁ induces a

Eb R BB cPitel BsiHEel e Eonsls bF Fred ol o unit het
r dishaitasetrivat fonthuly ah€wRldsab @ﬁﬁéﬁel’rﬁlcﬁﬁ%ﬂalﬂﬁm é‘r complete
vari abl e voltage which ultimately is shown as

nsilEteEeiithe ﬁeﬂ%‘@g ek @n ananyf fyel QWWQB@HM@%S) dhe erratic
d{);')é/r%{lon bPFarllﬁl%Sé 1vé ?ﬁ gé@f%rhglﬁ J‘(@E @pglarég |Eg%(1:’1 #2\Ehide's

en as I ncr eaS|
|nstrument cluster fuel gauge (seen by the driver); this can lead to the vehicle

inadvertantly running out of fuel, which has serious safety implications under

many driving conditions.

Production fuel gauge sending units typically consist of two key electrical
components that can be susceptible to sulfur corrosion; a resistive grid element

affixed to a ceramic substrate and a contact wiper element that mechanically

- moves over the resistive grid surface with changes in the fuel level of the

storage tank. Because of the design circuit bias, the variable resistance with
fuel level changes is seen as a variable voltage which ultimately is shown as
movement on the vehicle’s fuel gauge as seen by the driver. Increasing

resistance of the sending unit is seen as increasing voltage, and decreasing

resistance is seen as decreasing voltage. The increased voltage correlates with
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resi stance i s seen as decreasing voltage. The

i ncreased voltage correlates with the increased fue
level in the fuel storage tank which corresponds to
the |l evel of the fuel gauge seen by the driver on the
i nstrunment panel of the vehicle. The problemhas | ed
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( FEMe RRPERIgd %&ﬁﬁftl@(@ﬁ\@r%‘}tﬁg indheInRErRb)RR 8t theQBRicle.
point. Thé problemtypically requires the conplete

repl acenent of the fuel gauge sending unit at
consi derabl e expense to the OCEM or the vehicle owner.

Same B RY 8dai0vRREFaMORESSG! AEIn8t dealerships. Most
silver-based conmponents of the sending units with

g GLEnnadtiveyOigng drstipreeniMangfaciorerai( OEM) appser tahave t o

LS50BIaREMe ot 3 n BT DB AR 538l Fes e
| cbmptiie esbladcenteritio? t@fuctyPl@eSeridnglO%iBat constierdle expense to
¥§1a6{ i?'?gwbprmnuf actured vehicles are still susceptible

pheeenioPUnet SomTg EMidhavieagves) tawsts eprleging the
h ! ; ) ;o e : na
e b SR IRY iy B A PR o
albims ismbblytiaretocthe poabbleme i interyaspbnsiee bré ondetifeyble. Because

o sy B Sl hbofs g et Budoverrlioss Becimaue riaen in 1988,
Obvéis Y@r@bf rdanufRturad Sehick dré shl@§1§sée§ti5lléeto"ﬁﬁé bﬁ)eﬁs?ém_

the fuel distribution systembefore 1t ever rea
the vehicle's fuel tank. The ideal delivery nethod for
a corrosion 20 inhibitor filmng agent is by addition

t Hlekal-Timing additess oihesmehwisegyadiemygesddashiermbly gasaline in

PRARAES R DEHS B SRk 2 el T ke sy
f seeradaitdHeses g@@;@lir\!@béfokélﬂw{y rect e RbkkdtBiack Mehis is a very
prevention and 25 control of carbonaceous engi ne

dEPRANNE Propedwed eanhiinited affectivesesabecause much of the metal
[1] [1] M . . | .
oA X 4 Rl RGARAAS o S PRINEY or v

osepahky temeshiciesfuelladk. Pad idebbdeldebPmeddd forssetebsion
1980 to L for exanple, discloses

oo o i l .,
ADpCH BRG SBPTIGR TGRS e arEjask S gmceoiatr package,
?\‘gﬁél@b?rtﬁé’ Packd ksHburéd HREcHARR thB&hNIE rdl Gk R Fxed

with the gasoline.

Polyether amine fuel additives are well known in the art for the prevention and
control of carbonaceous engine deposits. These polyether additives have a
poly(oxyalkylene) "backbone”, i.e., the polyether portion of the molecule
consists of repeating oxyalkylene units. U.S. Pat. No. 4,191,537, issued Mar. 4,
1980 to Lewis et al., for example, discloses a fuel composition comprising a
major portion of hydrocarbons boiling in the gasoline range and from 30 to
2000 ppm of a hydrocarby! poly(oxyalkylene) aminocarbamate having a
molecular weight from about 600 to 10000, and at least one basic nitrogen

atom. The hydrocarbyl poly(oxyalkylene) moiety is composed of oxyalkylene
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30 2000 ppm of a hydrocarbyl poly(oxyal kyl ene)

am nocar bamat e having a nol ecul ar wei ght from about
600 to 10000, and at |east one basic nitrogen atom
The hydrocar byl pol y(oxyal kyl ene) noiety is conposed
of oxyal kylene -2 units having from2 to 5 carbon
atons i n each oxyal kyl ene unit. These fue

c&?ﬂwﬁt’iﬂsﬁgoraﬁeto@a@@“ﬁpn EPmaImeashovmkyienaunit.Ndeseduel
c ! aﬁ_ﬁﬁsﬁ PESTE tAMHR 8 Fnaitafmtt hé k&%&nﬂﬂeéfﬂﬁﬂfgkﬁséfs%?‘ns without

eposi ts.” However, ere
dlcsotrdnsmngtd: comibg giat chdmbersdép‘osrts ridbabest, tfmreasnobmng in the

DS B s 35 e BB SR iR basea fuo
g?‘éﬁ?é%@hémg%nﬁs c%ﬁtbe H&tlﬂéj %%@%trattw%ﬁ%m%ﬂsclosum

98 to Cherpeck et al di scl oses fuel” additive
conmpositions containing a poI yal kyl phenoxyam noal kane

RS ERal D SR YR E T A DSt 32 BBt i tPesieStal,
P@‘SCIdg@S fﬁe”a%'%%omﬁ@sﬂﬁﬂws“@h@ﬂmg@%% KIBﬁbhoﬁ}amlnoalkane

, di scl oses asol i ne-engi ne fuels contain

f .aaﬁwppéy(%yaéw annigegeat imuseiubforiie wesvgtition endecontrol of
p%?ﬂét}f‘é@@] ge and/ or a pol yet heram ne derivati ve,
\M] . .

ernt 5 polyetheranm ne is prepared by reductive
am nation of a phenol -initiated or

Bl e R b . S,
1%33849%8eﬁ@n5 @8 GunicH éc‘ﬁ'hgﬁe? mh Li@'t% gggﬁ‘g%ﬂs Sdéggﬁllhon by weight

cont ai ni ng from about 50 to a
mof hipotyetiyeratine agtvor afpcﬁydthmgn‘uﬂmdariﬂtlwel, pensih the

| | k | Kyl -
pﬁB@%ﬁ}%@W’%ﬁnﬁ%@a@ﬂ&a’y@ HFE ataisatio! oé Shengt-iniagesh or
helofSnitR#éd pg?eth%r @RdndBaith %ﬁﬂﬁ&w@%@%\% g amine

199 to Avery et di scl oses a fuel conposition
containing a multifunctional anti-wear, corrosion

L8, SRS Bl PR %o e PO B nes v

otompbyidons aohiniedirom @tﬁtﬂxt@oi‘té'afb@ﬁt 2504 Paﬂs Re@r million by
het erocyclic hydrocar byl n@%‘und in a
hYgIee 8 Eé@ngzewnﬂkybwf@rwbﬁmly yalkylesr) amme whereln the alkyl

substituent on the phenyl ring has at least 40 carbon atoms.

U.S. Pat. No. 5,853,435 i_ssue_d Decer_n_b_e_r__ZQ,___j_QQS to Avery et al, discloses a
fuel composition containing a muitifunctional anti-wear, corrosion inhibiting
effective amount of a polymeric amine-heterocyclic additive prepared by the
reaction of a hydrocarbyl amine and a sulfur-containing heterocyclic
hydrocarbyl compound in a liquid hydrocarbon combustible fuel has excellent
high temperature decomposing, cleanliness and detergency/dispersancy
features.

While these references primarily deal with prevention and control of
- carbonaceous engine deposits, they do not address the problem associated

with sulfur-related corrosion damage to silver-based fuel gauge sending units.
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hi gh tenperature deconposing, cleanliness and
det ergency/ di spersancy features. 30 Wiile these
references primarily deal with prevention and contro
of carbonaceous engi ne deposits, they do not address
t he problem associated wth sulfur-related corrosion
damage to silver-based fuel gauge sending units.
SUMVARY OF THE | NVENTI ON The present invention rel ates

to a fuel conposwgwlg Wbl Vﬁ—lﬁthVEf\f'l”lbW ng fuel 5

gauge sending unit pro ens par arl'y silver-based
fuel gauge sending units, in fuel storage tanks of
icles o erated o asol ine or diesel fuels, such

oo NS-RIERRUBRV RO TIREES foghfuel Pewgs'ti%reéfeﬁave Akachving fuel
1%;3@?% s%‘ﬁ@ﬁg%rﬁ@@%ﬁfeg@ﬁ 5 ﬁ?cu 1I98P§§§éc§ fildl g%ggggeﬁdmg

nbi nat "on oxya ene) am ne
t hingtd) mzfublestclcagpdanlob Wmeahmlmjdpelraiteﬂ an lggdolreaohdiasé|fed!s,
uch,as gasoline or %jﬁsel wi || preclude fuel

ga?b'ﬁga? PRYSGI s apf Sl er ning sul fur-rel ated

corrosion damage or restore fuel gauge sending units
to |ike-new operational condition. This is
pM@rﬁmﬂr&@ulgﬂy, dirasy hegmdiseovered thed hsgfescmmer‘ttnahbnm af a on

e AR AP OSRRLRTG flha 750 RufEuBRRleceiRb i When

r esidedith@ Hydeodatedn fRUEECHS QS ga@gme%rtd;b@ellfuélemn ®reclude fuel
operati onal condition than either of these conponents

byarge sendingesdsdiongpystaining sWfusrrelatrd coreyer damage or restore
Phis ?&hgbr%ﬁe IgQhits8b ﬂk@?ﬁe{npopﬁe éﬁ'&%al %gnﬁ‘t) O'flllulg ri]ééB?rrglcu!arly

conprising a Jor anmount  of ons
t Iserssy sinee they p@sestatomhng’eomoﬂpcay(fdxgblkgl@dey BNéne and

.S|t|onco rising: at | eas 00 ppm by wei ght

0 ngg f&?&? %?ﬁOH d ﬁ%@ﬁrﬁf@gnz! @ag@reéfaectwe in
b‘?éétérl tﬁeom%n a émﬁ' At bd i @%@ﬁ ?@
oxyal km%] ene unltsg%{% ren gr tié@pﬁ% xya a{i’f:o tion than
amth@r @fdham eoimponéytdhydtselions boi ling in the gasol i ne

or diesel fuel range and

Accordingly, in its broadest aspect, the present invention relates to a fuel

composition comprising a major amount of hydrocarbons boiling in the gasoline

or diesel range and a fuel additive composition comprising:

a) at least 2000 ppm by weight of a poly(oxyalkylene) amine having
at least one basic nitrogen atom and a sufficient number of
oxyalkylene units to render the poly(oxyalkylene) amine soluble in
hydrocarbons boiling in the gasoline or diesel fuel range and

b} at least 10 ppm by weight of a thiadiazole compound.

The present invention also relates to a method of precluding silver-based fuel
gauge sending units from sustaining sulfur-related corrosion damage or

restoring silver-based fuel gauge sending units in gasoline or diesel vehicle fuel
storage tanks to like-new operational condition. The method comprises

operating a gasoline or diesel engine vehicle with a fuel composition
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b) at | east 10 ppm by wei ght of a thiadiazole

conpound. The present invention also relates to a

nmet hod of precluding silver-based fuel 30 gauge
sending units fromsustaining sulfur-related corrosion
damage or restoring silver-based fuel gauge sending
units ip gasoline or diesel vehicle fuel storage

t SARYTEHA § Q@W@W@H&Pﬁhb’@‘ﬁ’&ﬁf kansdiailingnin thagapelineoer diesel
c ' ik ' .di.esel engine

vgﬁ@ﬁ éﬁ%matfﬁagjﬁtgé %ggqr%%?ﬁdl %ﬁn@%l@%npri sing a mgj or
anount of hydrocarbons boiling in the gasoline or

R AN R S e —
pol y(oxyal kyt pag) odhasic Radgaa atéﬁbérﬁﬁé;suﬁfﬁ%n?ﬁéhﬁer of

nitrogen atomand a sufficient nunmber o oxyal kyl ene
units to refd@kyére poisioorydekifegrady(oamikgese) abine $aluble in

hydr ocar bon iLing in.the gasoline or diesel fuel
range and bﬁy%?’ Cpk Qg? b%'nﬁd?n%ﬁ/g%? @ﬁtordﬂesﬁ?uel range and
t hi adi azdj)earleapothgpmiy WeRRD00A fFadibasleYospdung.
present invention is based on the surprising discovery

that a high concentration of a unique conbination of a

CHPGILABL HOHSHEYLE08 AR ERieds LM dscovr
hifoat ;adgg!b ?nntjﬁer&fatisudﬁ aamoilcgﬁés Od)ﬂnb?aﬁ?n & @&@rtffm@c_bly(&%ylaikylene)
recl ude auge sendl n uni ts rom sustal nin

Sas pd pdbiealeals seRRinLYagS eomious o & Teel @ddibe in a
ORIBOSAIMI 16 dUIthlas gRRBiihb EURIGLY 1R IPpreBRREtubtBluge
gauge sending units, in vehicle fuel storagé tanks 1o

| srding wnisp omt suntaihingeudfurrelatedsmexsicar dambge omedstork fuel

0 ent _.invention i.s suitable for use in " .
PRI afiETE Dhis el ScsibieRbonad rel oRber seavRorinig.
sudlide-fuél abrRGeaankoIR! IKe-KEABPBrRbnbRSIRItd? Mareover, the
silver-based fuel gauge sending units in gasoline or

dinedad qidhe qresani dnvestion igyauitable fatkisetio prédieding fuel gauge
?{ﬁgﬂﬁ# %Qf?é frANdidtiiffy SRIAUSRRE %%%EO%T(H%\I@% orTF'eEstoring
silver-based fuel gauge sending units in gasoline or diesel vehicle fuel storage

tanks to like-new operational condition.

DETAILED DESCRIPTION OF THE INVENTION

As stated above, the present invention relates to a fuel composition having a
high concentration of a combination of a poly(oxyalkylene) amine and a

thiadiazole compound for use in vehicle fuel storage tanks to either preclude
fuel gauge sending units from sustaihing sulfur-related corrosion damage or

restore fuel gauge sending units to like-new operational condition.

Prior to discussing the present invention in detail, the following terms will have

the following meanings unless expressly stated to the contrary.
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25 As stated above, the present invention relates to a
fuel conposition having a high concentration of a
conmbi nation of a pol y(oxyal kyl ene) am ne and a

t hi adi azol e conpound for use in vehicle fuel storage
tanks to either preclude fuel gauge sending units
from sustaining sulfur-rel ated corrosi on damge or
restore fuel gauge sendi ngPgANiieNEo | i ke- new
operational condition. 30 Prior to discussing the

present jnvention in detail, the following ternms Wl
hﬁssﬁe%t@mm‘ W@Oﬁgﬁﬂr% 'B‘H?zess expressly stated

to the contrary. -5 Definitions The term "am no"
r dhertern dhitdiecaybyufefersNazn ogamiseadisahprimadly ceangnged of

SR AR B SR B G Al B e
aconbinations tharesherpt arangl bhakasi .. Sesthydrésabidydro@ps may also

al karyl . Such hydrocarbyl groups may also contain
aFPpht aliphals ngatyration, 1.e., elefing ef agatyenic unsatujalien.and may

UBRSAI RiidHam Wete?&%r%'sns%r[‘% o%@é%nérsr&gégen, or

het eroat ons, such as 0xygen Of nitrogem, or

hablogens, smhlce!s cgoratd. oY Ihmgscwh Encamﬁmbtignlvﬁtm{:?mofcyltufatty
wi th carpoxylic fatty acids,_ hydrocar W al so
iﬂE'Eﬁd@V‘g’P%‘%ﬁbWi %J*@ﬁ%%mew&fﬂi iniqHBSqtEraHonal kyl " refers
to both straight- and branched-chai n al kyl groups. 15
The term "ppmw' refers to parts per mllion by weight
off hadernv éalkylgreders émboth Jtraigh lap@dxgathed-aran alkyl geufise

pol y(oxyal kyl ene) am ne conponent of the present fuel
conposition is a 20 pol y(oxyal kyl ene) am ne havi ng at

| TRS terenhdaw” ¢eferd foeets SéomIRtbRwalht of h&ie IRYFREENt.

of oxyal kylene units to render the poly(oxyal kyl ene)
am ne soluble in hydrocarbons boiling in the gasoline

or diesel range. GCe t al kyl ene)

am nes suitable forﬁ}%eﬁdl oplky é A'?“ i nvention

will contain at |east about 5 oxyal kyl ene units,

pr.ef er abl romabout 5 to 100, nore preferably from.
at%%?og’?‘?%’afi@&”%ﬁﬁ"’é@/ saAMpeRenipidne pagisnt fyed gomposition is a
poly(oxyalkylene) amine having at least one basic nitrogen atom and a

sufficient number of oxyalkylene units to render the poly(oxyalkylene) amine

soluble in hydrocarbons bailing in the gasoline or diesel range.

Generally, the poly(oxyalkylene) amines suitable for use in the present
invention will contain at least about 5 oxyalkylene units, preferably from about 5
to 100, more preferably from about 8 to 100, and even more preferably from
about 10 to 100. Especially preferred poly{oxyalkylene) amines will contain
from about 10 to 25 oxyalkylene units.

The molecular weight of the presently employed poly(oxyalkylene) amines will
generally range from about 500 to about 10000, preferably from about 500 to
about 5000.
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about 10 to 100. Especially preferred

pol y(oxyal kyl ene) amnes will contain from about 10
to 25 oxyal kyl ene units. 30 The nol ecul ar wei ght of

the presently enpl oyed pol y(oxyal kyl ene) am nes wi ||
general ly range from about 500 to about 10000,

preferabl boyt 500 to about 5000.  Suitabl _
po{feiR s %%@W BHAINE CRPEONALS fYrUseB the Pregent invention

pfr%ﬁ.ﬁiéthyd?&?é?h Igﬁuly(bi&\%ll Sn@‘/ aS?éé’ﬁFn@é'as dtscl?sed for example, in

pol y(oxyal kyl e I scl osed
ek al, Nion4 %7@01Pe&suemolan42'2,4l798§am Hmm‘saneme]dxsclosme of

%ﬁ%gefﬁé@gﬁ&%ﬂé el 5 e eitbRe o neshedisis argdgrasaroy
hwd&m&%lené pely ¥ friasalk¥lefNgk Mi/(bﬂ?élﬁﬁénémb%tﬁ cbi®rises

al kyl ene) noiety conprises | east

h%l aéta@rwhydr@e Mla&eérairra@q/p@bygﬁaqyaihylﬂm@) caigiot fieim abewi 2 to

anchnch HRm BoRTRa T aRE ot IRE e bR ai e shgin

abbm!eti ih%ugma bermicdl @aviton atom td @aRtfogehaibef ofa polyamine
pol yam_ne an ng {grom about 2 to 12 amine njtrogen
0

aP%WﬁgéfﬁmfR AIhZBold apinenifggen pkuns 80d ognabitdhtad0 carbon
Céfo?r%wLﬁ’ a%&rﬁ&gﬁ‘nﬁr@ ER rB6d WEGR: rf%ﬂ)%@) Ut 44 %ncf‘ﬁ'@'l The

ydr ocar byFF group on these hy rocar
pbydrooanpal grplpros)thped hadiocatbyhpbbly(oxyaikyteng) botymnabemtmll

1 tq 30 . Th d enerII have
et dat i aeoghT 1FR cofs Siage. 35.%39 PeO0s GLagey have
pfn%féi.*u?evaei L) &I@ﬂéh Qﬁ%bbet OT?rr@fePJdtﬁy foAPh¥out
from about 800 to 500 15 The a ove descri be

h§eR br200s angaloye prefarabyy Fnm) alpmlty%@&taéﬁoar e prepared
by conventional procedures known in the art, as
taught, for exanple, in U S Pat. No. 4,247301. 20

Orive Eboﬂé-ﬁé@m’ib@dHWd%@)rbﬁmmﬁxwwfé@é)%cfl%mmg dr8 pré&®ared

present invention are the y(oxyal kyl ene)

PRy GRnNendenalipesdres éngwnyro &a/awtk@a weht, e @tample, in U.S.

COINRE Ay ol Yo ne, ML e oL e

epi hal ohydrin, such as epichlorohydrin or

Other poly(oxyalkylene) amines suitable for use in the present invention are the
poly(oxyalkylene) polyamines wherein the poly(oxyalkylene) moiety is
connected to the polyamine moiety through an oxyalkylene hydroxy-type
linkage derived from an epihalohydrin, such as epichlorohydrin or
epibromohydrin. This type of poly(oxyalkylene) amine having an epihalohydrin-
derived linkage is described, for example, in U.S. Pat. No. 4,261,704, issued
Apr. 14, 1981 to Langdon, the disclosure of which is incorporated herein by

reference.

Useful polyamines for preparing the epihalohydrin-derived poly(oxyalkylene)
polyamines include, for example, alkylene polyamines, polyalkylene
polyamines, cyclic amines, such as piperazines, and amino-substituted amines.

The poly(oxyalkylene) polyamines having an epihalohydrin-derived linkage
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epi bronmohydrin. This type of poly(oxyal kyl ene) am ne

havi ng an epi hal ohydrin 25 derived |linkage is

descri bed, for exanple, in U S. Pat. No. 4,261, 704,

issued Apr. 14, 1981 to Langdon, the disclosure of

which is incorporated herein by reference. Useful
am nes for preparing the epi hal ohydrin-derived

pBP{”(

esnyihE Ippléeajalkvieneg) aindanalyriginereoigties afeprepasephHsing
BRI Bign Jor SRR 2 SRR G 2B 20
am nes. The pol y(oxyal kyl ene) pol yam nes haV| ng an

h d | k 7 Db th
B SO e Pl SRk oat 41 TEoprapeninupalioss a
‘dﬁ gﬂﬁjpgltéﬂel?@j 9%9%511&@823@ H@ﬁ&%ﬁoa%ﬂe %ag@érﬁyed' for example
p'tn Y G Bedl Kyl & 084,661 iseue@Manl 10 rﬁggﬁdo@@slevﬂtz et al., the

tion .a 5 highl nched al kyl .
G R5kGrlagien Mrdmotaieh e dudelpace. Tssedighybenched
' E!kH poly( Bﬂyalkmneﬁm@ﬂé}aﬁﬁl@s HaveURd g¥Rera| ?&mlﬂggz to
Schi |OMAtZ et al he disclosure of which 1's
i ncor por at ed hereln by reference. These highly
branched al kyl pol y(oxyal kyl ene) nonoam nes have the
general formula: 10R6=—c4H360)BePREHREHRAHE NI her ei n R
is a highly branched al kyl group containing from about
12 to 40 carbon atons, preferably an al kyl group

- . . .

AR ST B 0 Ao 860 1o 0

ncmben aﬁmniﬁor’eferaﬁly amfakﬁrgmduy hdvihg fidm Abeui2Etamboacatoms
erived froma Querbet _al cohol

E%&. gidﬁ@"%ﬁ'ﬁ@r%@#’%@%l@@”ﬁﬁ%ﬂ@f‘trﬁécﬁ*@‘r ANdza isprnumber up
Vﬂ?@lreﬂ‘eﬂ éﬁgyé gg?xﬁ)yggydﬁr%aff%\fh a Guerbet

chal n. The a%e hi g bran

- palcgliohopatdiying i€) carbmm ammse bawing tipe fpandal

R,— CHCH,OH

CH,CH,R,

wherein Rz is a hydrocarbyl chain.

The above highly branched alky! poly(oxyalkylene) monoamines are prepared

by using known methods as disclosed, for example, in U.S. Pat. No. 5,094,667.

A preferred class of poly(oxyalkylene) amine for use in the fuel composition of
the present invention are hydrocarbyl poly(oxyalkylene) monoamines as
described, for example, in U.S. Pat. No. 5,112,364, issued May 12, 1992 to
Rath et al., the disclosure of which is incorporated herein by reference. As
disclosed in U.S. Pat. No. 5,112,364, such poly(oxyalkylene) monoamines may
be prepared by the reductive amination of a phenol-initiated or alkylphenol

initiated poly({oxyalkylene) alcohol with ammonia or a primary amine.

-8 -
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by using known net hods as di sclosed, for exanple, in
U S Pat. No. 5,094,667. 25 A preferred class of

pol y(oxyal kyl ene) am ne for use in the fue
conposition of the present invention are hydrocar byl
pol y(oxyal kyl ene) nonoam nes as described, for
exanple, in U S Pat. No. 5,112,364, issued My 12,
1992 to Rath et al., the disclosure of which is

i Wg%@ﬁ?ﬁttﬁg a%@(z%—'ﬁexﬁég%ﬁg;ﬁ@ﬁp%g INy xyal gﬁjf ok ?@nh@n discloses
mbgd@chrigs polox3alkyne) eraioachitys Wh@hrafélmitame for use in the
am nation of a henol -injtiated or al (%Hﬁ)zhenol

i RTYSCRE 'ﬁBW’PéW?Hi RyRasHesar FXaRbIe fi wREHILAeseribes

Y

DI to15 S B ok e P 1R 2 AORE ano
hylometbglebyihe pol y( oxyal kyl ene) nonoami nes which are
suitable for use in the present fuel conposition. In
particul ar, Exanple 6 of this patent describes 5

abt\kpérﬁaﬁaw p@éﬂfé@w@ ckﬂﬂyaﬂﬁaa m%%wkwéﬁ@%sﬁoémm is an

amoni a and mne. A particularly ‘preferred

t ?Wpdsrenhmlwavaiwlep@)kmpm@mlnwwbw@)n mﬁmmga;kgeaﬁ) moiety
oY B Ayl Ry TBEMARAE SaygsSicE elropyiene

u ahd SxpisutobeyiUinits R Qafel’falbtﬁ Tﬁé p@ly(bwaelsylérﬁemmmp@uht@m@
and oxybutyl ene unit

pewtztﬁsel?aek@lfeé@ré\jalywﬁlee@lyyhﬂmw@pﬁ§he ailvmjhewlewety is a straight
P t

| OF bR H bl o BUA o Aol ORBY A IS EL iy

t pre:fdrredtab«ylprmnghmmemisetepapm@bhylphpnydf tvat & where the alkyl

gﬁ@phe rgpglgﬁ(? : §a| .a(yﬂ,g iﬁ)ro o] phen%q{gfeﬁlqg;rgiﬁsfo%\,ﬂene

1otphdyon at ons derl ved from propylene tetramer. The
Thi adi azol e Conmpound 20 The t hi adi azol e conmpound
enpl oyed in the present invention will typically have

the fol | ow ng generaﬁ.he %:adlazole'\bompound

The thiadiazole compound empioyed in the present invention will typically have

the following general formula:

N

/”\ /H\

Rs —— (S) S (S), —R,

U

wherein x and y are independently integers from about 1 to 8 and R3 and Ry
are independently H or C¢ to Cso hydrocarbyl. Preferably, x and y are
independently integers from about 1 to 2 and R; and R4 are independently H or

| C4 to Cgo hydrocarbyl. Most preferably, x is 2, yis 1, Rz is a C4 to Cy
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[T 11 R3 - (S) X\ S/ \(Sy -Ra (1) 25 wherein x and
y are independently integers fromabout 1 to 8 and R3
and R4 are independently Hor ClL to C50 hydrocarbyl.
Preferably, x and y are independently integers from
about 1 to 2 and R3 and R4 are independently Hor Cl1

thyé:gcgr b&ﬁér%@%z;g '%E‘d Ppééfgf Y %%/ gMéroicgm%il gﬁaqipzis%’n alkyl

rably, the hydrocarbyl group is an al kyl group.
Preferred t hi adi azol e conpositions contenpl ated for
use in the present invention include
2.5-di mer.capt o-1, 3, 4 thiadi azol e - per capt o;,5-
h(;’aerfgrrgﬁ Big)faﬁ ﬁgglelcoggpsmmngd:loggedpglatzed%r 1aRthe present
2irkrehticd MetidecabineRiapto-1 3% ﬂwré&ib@@leazah@rcaﬁm-a

mer capt o- 5- hydrocar b Id|th|o 1 4-t hi adi azo

2hr5drep§r(qyi;alpo‘car4b§h|l iaz6il%)2. 5-bisthydroparyithipyi1e3 4rbiadiazole, 2-

Tkt L AGHR0k TR SRS Y SR SRR oy

\21 B-Q-thlamazdatamd]m&ttfres therdbaZbkee tomPouhds halé thd&ructural

10

15

20

25

/
ormu?as shown below:

||
HS / \ S/ \SH
a

2,5-dimercapto-1,3,4-thiadiazole

.
HS/ \S/ \S““—R

(1)
2~mercapto-5-hydrocarbylthio-1 ,3,4-thiadiazole

N

)
— s/ NN

Ra S § ——R,

(V)

2,5-bis(hydrocarbyithio)-1,3,4-thiadiazole

-10 -
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2- mer capt o- 5- hydrocarbyl thio-1, 3, 4-thi adi azole N N |1
R3-S/ \S/ \ S-R4 25

2, 5-bi s(hydrocarbylthio)-1, 3,4-thiadi azole -10 HS S/

\SS R4 (V)
2- nmer capt o- 5- hydrocarbyi di thi o-1, 3, 4-thi adi azole 5 N
-NI1I Il Rs-S-S\S/ SHS—R4 (V)

2,5-bis(hydrocarby|ditﬁio)-l, , 4-thi adi azole 10
wherein R3 and R4 are’a dg}kn d above. Preferred

t hi adi azol es i ncl ude” al kylst hi otli-adsazat,es and al kyl
di t hi ot hi adi azol es, such as those comercially

avai | abl e from Et hyl Corporat(Mdn as "ETHYL 15 HI TEC
and Baker-Petrolite "TOLAD 9719". Fuel Conpositions
The fuel additive conposition utilized in the present

i nvention W R2kmgmaetablhydacarddithipl 103 acthiadiazole
hydrocarbon fuels to rectify fuel gauge sending unit
probl ens, particularly silver-based fuel gauge sending
units, in vehicle fuel stogage tgnks. The proper
concentration of additive pecessgry to either preclude
fuel gauge sending unitg/ ﬁgn1 tai ni ng

sul fur-rel ated coyrosiog”damage or “eestprer f uel

(Vi)
2,5-bis(hydrocarbyldithio)-1,3,4-thiadiazole
wherein Rz and Ry are as defined above.
Preferred thiadiazoles include alkyl thiothiadiazoles and alkyl dithiothiadiazoles,
such as those commercially available from Ethyl Corporation as “ETHYL

HITEC” and Baker-Petrolite “TOLAD 9719".

Fuel Compositions

The fuel additive composition utilized in the present invention will generally be
employed in hydrocarbon fuels to rectify fuel gauge sending unit problems,
particularly silver-based fuel gauge sending units, in vehicle fuel storage tanks.
The proper concentration of additive necessary to either preclude fuel gauge
sending units from suétaining sulfur-related corrosion damage or restore fuel
gauge sending units to like-new operational condition depends upon the type of
fuel employed and severity of the problem. The benefit of the freatment can
persist in protecting fuel gauge sending units for up to 12000 miles of vehicle

driving after one initial one-tankfui treatment.

-11-



10

15

20

25

30

gauge sending units to |ike-new operational condition
depends upon the type of 25 fuel enployed and severity
of the problem The benefit of the treatnent can
persist in protecting fuel gauge sending units for up
to 12000 mles of vehicle driving after one initia

one-t ankf r eat CGener al | t he resen f uel
aZ%ﬁrtqr%Ef ?aﬁre%pm"@ﬁ addive eomppbitigrwil pe amployedn a

I
21 Oﬂit‘cgf%gfgng%aar !t:rghc%g‘ft‘éﬂﬁﬁ'&%r:iggﬂé ?’Brﬁ ng&gn@a Of)rtQ"ﬂOQQQLHartS per

pmﬂzen dppy) by malgmop)reiferasmmrp @rid@to 060 rmndw and more

P PR tiol] B RB3H.E 3500 HRrERo bon T vl “cont & mimg

the fuel additive conposition of this |nvention vvi [
generally contain from about 2000 to 10000 pm b

wén s cpfrl@wda@ll GeMPEIANGS dydrembon ﬁleésoonﬁapmm ite iu@i additive

ol'y(oxyal Kyl f

Py FaSfietes HIRB A Rt Aur EORaR a8l 2Bt to 1g000
t @pAbby mﬁgm,ypm%rgﬂﬂg fraph abenedip for3000aiatiiy, 20oreoprdfdiably
ppni w, nore preferably from about 20 to 100 ppnfw, of
E@m beieti 200k t8 4008 s of theneoly (ggyalkidane) gigine component

pre ergﬁbﬂeufig@#oom pan ej‘ﬁeﬁh? é‘f‘eré fBH 95bdt520 {0 200

oncen ate using

[ ppnvwstrmbde erafebphirdincatidut 20 to dD6 ppivies of meQHMIamhé

or 8an| c solvent boiling in the range of from about
BPPESRBOF  (from about 65C to 205C). Preferably, an

aliphatic or an aromatic hydrocarbon sol vent is used,

such as benzene, toluene, xylene or higher- boiling

arbaduelosidiiveasampasition empleyed in fKie mentlnuembllssweferabiy

" b TleH e  BhsBR e o i S RsPORR G lSsBes in

| gkeolirig) oe%erm(t @@lt/e@trboamgnnhﬁdrr@ﬁ@é bPRomAHDERAY S0 B 400°F
al so suit use wt present additives. In

t HeorneheehPp%i 2@5?Q)aﬁfﬁﬁﬁtabb/f antaliphatin o1 g aromatic
OBl s FEE el BN BHSAB Ke e o Bighr
560iling @Mmaﬂm&mrommm:&h iphefse Paiphatid aloohelb@shtalfing ro# about
W%Itg tgétcarbon atoms, such as isopropanol, iscbutylcarbinol, n-butanol and the
like, in combination with hydrocarbon solvents are also suitable for use with the
present additives. In the concentrate, the amount of the additive composition
will generally range from about 10 to about 70 weight percent, preferably from
about 10 to 50 weight percent, more preferably from about 20 o 40 weight

percent.

In gasoline fuels, other fuel additives may be employed with the additive
composition employed in the present invention, including, for example,
oxygenates, such as t-butyl methyl ether, antiknock agents, such as
methylcyclopentadienyl manganese tricarbonyl, and other
dispersants/detergents, such as hydrocarbyl amines, or succinimides.
Additionally, antioxidants, metal deactivators, demulsifiers and carburetor or

fuel injector detergents may be present.
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25 percent. In gasoline fuels, other fuel additives

may be enployed with the additive conposition

enpl oyed in the present invention, including, for

exanpl e, oxygenates, such as t-butyl nethyl ether,

anti knock agents, such as 30 nethyl cycl opent adi enyl
manganese tricarbonyl, and ot her

di spersant s/ detergents, such as hydrocarbyl am nes, or

S S t { i
T leBpER otk AN RO AR RS BPbTovelE Lot po pour poit
i deprissantdetiew goptavens rebmepimggewars, aritherlikei esel

fuels, other well-known additives can be enpl oyed,

such as pour point depressants, flow inprovers,

C Al fABRsHIIBIROMER ol atie dakrRe fluidér oiPmAy ble) bé abetblith the fuel
nonvol atile carrier fluid or oil may al so be used with

t Bdditive lcompgaition esnploygsbin ﬁwemﬁe@eﬁillm»;e@aonn?’m@amﬂeéﬂgmls a

o ERID e By GRF&bBh AP i Renfitr BhEE nbstaliiell |,

| Moregsesthe ennolatlel ratidue (N&'R)duesdPi®freedliquid fraction of the
s lvent-free liquid fraction of the fuel additive

S8itve omIROPBIORYhilsvaTt T HIHIBIHo: PRt LtiRG fyostane
ggécgﬁr%rﬂéht iR ILALE Y o RGF 1?[?!3 ?nda Tﬁ@a %Elfr'a%r ér?Jer h d(;‘iﬁ])’if’j, such

natural or synthetli as m
r eabinmedragbetl nefmedrpeirbl‘eu rrsgzhi, Isymhetlcp pb}yaikleaeeandralkenes,

AR o G AR et DS SRRASIRAE S et
| d
ggg%?@ég& @we?—ﬂgg(lgﬁf% I!ﬂél@ sGdH%Qﬁvosé%@cﬁ?ed h@ﬁ@xamgle in U.S.

e, I n uUsS. Pat .
LEat.Netd, 591,530t pewisesitabrand polgéstass, Bhda; as dlesssy d%mbed for

for 15 in U 3, 756, 7

BBl T Pajoflos77 56 195 gRuninsofyatd 30447 to Vogel et

Edr. oreciin Rabpasn ARRAtgd I1@@tld]bﬁ033§687265 pudlibhed WRf. 7, 1990,
1990, and 382, ubl i shed Aug 16, 1990.

Mar. 7,
THBY 852455 @Hb}fﬁlh@ﬁa%ugar"@ 689 eved to act as a carrier
for the fuel additive 20 conposition enployed in the

present invention. The carrier fluids are typically
eThbsy edrrienflais ene Helieral agadt bera edrfiei fo? $he fuel additive

composition employed in the present invention.

The carrier fluids are typically employed in amounts ranging from about 25 to
about 5000 ppm by weight of the hydrbcarbon fuel, preferably from 100 to 3000
ppm of the fuel. Preferably, the ratio of carrier fluid to fuel additive composition

~will range from about 0.2:1 to about 10:1, more preferably from about 0.5:1 to
3:1.

When employed in a fuel concentrate, carrier fluids will generally be present in
amounts ranging from about 20 to 60 weight percent, preferably from about 30
to 50 weight percent.
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about 5000 ppm by wei ght of the hydrocarbon fuel,
preferably from 100 to 3000 ppm of the fuel.
Preferably, the ratio of carrier fluid to fuel

addi tive conposition 25 wll range fromabout 0.2:1 to
about 10:1, nore preferably fromabout 0.5:1 to 3:1.
When enpl oyed in a fuel c%nﬁntr te, carrier fluids

will generally be present MB ts ranging from
about 20 to 60 wei ght percent, preferably from about

30 30 to 50 weight percent. EXAMPLES The invention
wiTlhe ireerftiontwilk beiflithusrtileateded by theefoloWinpvexampiranphieh, set

ich set forth particularly, advant ageo ho
o tfipfhiahy Gile Bt ha g SRPRNEAES STNIEH Bxamples are
| Ipkdiad scPios G iRt HRS BRisehNVOBRticH) théd g rdtenteftled to limit it.
intended to limt it. The follow ng designations wl|

apply throughout the Exanpl es unless noted to the

gmﬂ% ﬁgﬁ%&gr&é g Sé‘ag 'ﬁﬁéﬁ’%ﬁ@ ap%ﬁ\iﬁ-\r%@i%ﬁ wet Bl LB SHE Enoted to

Pty Contyrt vl ene) am ne prepared by the reductive
am nation of a Cl2 al kyl phenoxy pol y(oxybutyl ene)
al cohol having an average nol ecul ar wei ght of about

1600. Agqhldiai V?agé fl@‘)ﬁlﬁntfag’ﬁrb%?%{'%{?%Qifﬂﬁp%@&%reeplus Ciz

sul fur package plus a I azo
(Baker - Pet rol i t ealkglbbhdn®@dL)lyExabytyient) 2thire prepgaesd by the

vehicles were driven.for twg full tankfuls of a very

st fur severe - gEEOPIYRATIAENS A CAISRE Yol ng

additized with tﬁ@g(&?ﬁ@ﬁénﬁ?a&%ﬁbl W@Qﬁ ag@?age molecular
2 [Tshed 1 i f

descri bed bel ow.” 25 Tésting was acconp our
MY (Model Year) wegst chabow1@00Luni na

Additive B: Base fuel containing severe sulfur package plus atkyl
dithiothiadiazole (Baker-Petrolite Tolad 9719)

Example 1
Four test vehicles were driven for two full tankfuls of a very sulfur-severe
gasoline while simultaneously being additized with the respective test package

as described below.

Testing was accomplished in four MY (Model Year) 1998 Chevrolet Lumina

vehicles having the engine specifications shown in Table 1:
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vehi cl es having the engi ne specifications shown in

Table 1. Table 1: MY1998 Chevrol et Lum na Engi ne
Specifications 5 Bore (mm:89.0 Stroke (nm:84.0

Di spl acenent (cnB): 3100 Conpression Ratio:9.5: 1 The
base test gasoline used in the four vehicles was a
cgnnercial California premum un|leaded gasoline (no
oXgEN LMY 1979 fhexeleflspainaitaging 3peelficaionsbl e 10 2.
The test fuel used in all four vehicles al so contained
a severe sulfur dirty-up package added to the

g&akot (men)t o enhance t83.0 severity. The severe sul fur

pagck cont ai ned 16 of elenmental sulfur and 20
p%iﬁogg(?ﬂjé‘? aptan sul f§$6] Each vehicle, except the
COipiatememcaiped an3gggli tive package in addition to
the severe sul fur package; the one control vehicle
f Geimpredsipndratior ee ad9idt'ized 15 fuel s are here naned

Fuel 1, Fuel 2, Fuel 3, and Fuel 4. The fuels are
defined in Table 3. The four test vehicles were

dmhedinsertest iseiins ubed irriteYfogtNaHitlas wdses todyedréiaf Chlifornia
two conplete tankfuls of the respective test fuel

b@r@ﬂ'@nbémegdeég@é@lif@j(nowygamtés) withihe erapgriieslisted in Table

o185 BettnarES 30 oS ar AREREnings A5\ e Syjur iny-up
Sabokadeeadddd ©i0e\aisofitdiversizrdedost s24efB0 Timg/sEQ8rd sulfur

h 1, 1 ' ' ility:24.
x\gépgggﬁ%%on%tg@%&ql /m %g_egn%g[astdl%?a% %%I p;gntn%f mer(c:)aogtan sulfur.

Each vehicle,'except the control, contained an additive package in addition to
the severe sulfur package; the one control vehicle fuel and the three additized
fuels are here named Fuel 1, Fuel 2, Fuel 3, and Fuel 4. The fuels are defined
in Table 3. The four test vehicles were driven on a prescribed city-suburban
test cycle for two complete tankfuls of the respective test fuel before being

assessed.
Table 2: Base California Premium Unleaded Test Gasoline

Regular FIAM ({ASTM D1319)

Aromatics: 22.500 vol %

Olefins: 12.000 vol %

Saturates: 65.500 vol %
Unwashed gum: 34.000 mg/100ml
Washed gum: ‘ 1.000 mg/100ml
Oxidative Stability: 24.000 hours
T90 (ASTM D86): 308.3 °F

Reid Vapor Pressure (RVP): 7.010 psi

Sulfur: < 6 ppm/w
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Rei d Vapor Pressure (RVP) 7.010 psi Sulfur:< 6 ppmw

Tabl e 3. Test Fuel Description Fuel 1. Unadditized
base fuel with severe sul fur package. Fuel 2: Base
fuel containing severe sul fur package plus Cl2
alkylphenoxy 5 pol y(oxybutyl ene) am ne prepared by the

f a Cl2 al kyl phenoxy
gd%f)eoi’z ﬁ%ﬁ%@lﬂ”@ﬂé)%%ﬂ' §Rol havi ng an average nol ecul ar
wei ght of about 1600 (Additive A, 3000 ppniw). Fuel 3:

Base fuel containing severe sul fur package plus alkyl
diRuel b1 Unadditized dase B avithFeeveod Bulmﬂnﬂakagmw)
4: Base f

LR 0! s Puel B RBITRY sevele SHR P oR B i iRsngy

pol y(oxp bRBAdn fﬁnﬁiﬂe(o?%%} h¥redudive dniiMhtion of a C
di t hi ot h%&azg}ﬁ% é’§ Baker - Pet r oW?eTol ad 9719) (36 *

ppnt w) alk«iphem@w oafy @wbuwieffe)ta}ﬁomuhavmamnfanegagﬁ madegular

uni t st GRBSLL S BUANE & 20 et 00 Srnute”

t hrFareesr Bess ﬂjehh QGTan mamulfsmmbidagefpIm§a[kyi&§i1ﬂ1'ri]cbthiani@zole
the tanks w cl e t est additized wt no
severe?éﬁlﬁ&}&e’%‘%ﬁ‘( @dﬁd@&;{‘\d@lﬂ B gg&pmw the drain
FEC%&%M&%&M é\félfe RO pzacﬂ%ﬁe? lgf‘@ g@%‘%}hh@ﬁoxy

used had e propertl descri b
t ank wasiydmaibugderts) anlparﬁﬁo(m(ppmaw fnntdﬁl@l dithicthiadia20le

The respecti i n nit's anal og

vol tagiggked'r,yﬁ’etr‘?/@%q]%@g?m%oqﬂrglﬁé the drain sequence
using a TEAC RDL30TE digital audio tape technol ogy
recorder; the anal og signal digital sanple rate was

4gddine sampledion gf dwo SdctanidulsToidestiviel. dae resPRERG R\ fuel

e g BB Mo e Gt BRE B R BRI i e

2%edntings hecraaicebmpisifedisy ey ﬁéﬁmngﬁﬁ@tam%ﬂf deBtest fuel
conmponent is subtracted out) RVS vol ta%g val ue

( (eerdditzad wifu ap severrsuiyn anekaasoaddsd ) endgasereing the drain

S%%Pﬁce{)@k@%en?ﬁ%ﬁﬁ&hpﬁe e EShilRe JA8 HUYHRE prBberties
described in Table 2. The tank was drained by a pump external to the vehicle.
The respective fuel gauge sending unit's analog voltage signal was recorded
during the drain sequence using a TEAC RD130TE digital audio tape
technology recorder; the analog signal digital sample rate was 48000 samples
per second. The recorder's TEAC QUIK-VU data analysis software package
was used to quantify the electrical analog waveform. The software provided
both the waveform's AC-coupled (the waveform DC component is subtracted
out) RMS voltage value (root-mean-square: the square root of the sum of the
squares of all sample points, divided by the number of samples taken), and the
maximum and minimum voltage value attained over time by the waveform. The
voltage magnitude difference between the maximum and minimum value is
here referred to as the maximum-minimum delta voltage value. On a trace
recording, the greater the value of the AC-coupled RMS voltage or the greater
the value of the maximum-minimum deita voltage, the more corrupted is the

sending unit signal by surface contamination.
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maxi mum and m ni num vol t age val ue attai ned over tine

by the waveform The

val ue. On

the AC-coupl ed RMS voltage or the greater

a trace

recordi ng

vol tage nmagni tude difference
bet ween the maxi mum and m ni mum val ue is 30 here
referred to as the maxi mum m ni num del ta vol t age

, the greater the val ue of

of the maxi mum m ni mum delta voltage, the nore

CaheRits & é&mﬁn‘éﬁze@ ﬁ"ﬂﬁétﬂ@ Aghd p8icBRftedR¥iGY ﬁﬁﬁ‘l%%r shown is with

he data is sunmarized in

contam nation. -16

t he val ue

t hespest tetie mﬂubcam(ﬁuambﬁwpmglysthw petice mteRMSC\toI@ge

RO

S leom

t he el 4 package.

456%&48

U6 it

verren% a r éd
c dim avmaddltlv@eom]wnadé iof iPuel ¢ Wd@mtysa

roﬁé'r%'e

Rhs5en T afatdstiy Klad 8

i kew se,

AT eBioTho o
ePtsSik AIgs BLSIM E§él¥®%ﬂ LIk'éﬁnééMﬂw@s@xﬂmﬁé@én' i§ observed

the same synérgi'smis

o&@@@éxrmumm@lmmudﬁiﬁwmta%mf@@ﬁ an {hes cagp Fuel fudiows a

(ipfefto fidt2

i ndi vidually and not conbined. 10 Table 4: Fuel
Sending Unit C ean-Up Data Fuel RV5 (V) Reduction

Max/ M n Delta (V)Reduction (% 10.5293. 327

20. 39225.92. 61721. 3 30. 39026. 32. 66220.0
4028#1429. 92Fdéel1GaudE BentingddpeCleand)p Bataont r ol
15 The results of the test above indicate that
sul fur-related corrosion danmage nay be precluded in

nd%%’ﬁﬁita’c\&ﬂlch contained

ref ndtuImiined.
Gauge

val ue.

ditive

$1 | \j[e DageRi18qly

conpaosi 2

9 ‘*URS? QA

@Fg)e S

T
e O oot Ha

URbduction (%)
ving

nnnnn o)

a high corcer&ﬁ%& on of a c

onbi n

at [ on 3a327a

[aYaYa) nnnd \l\

1

bl vy f A/ s
U1 Y\ /\yal

hi adr azol

e G

&En Re { Adch
nd (Adﬁg

ILIV\a

ve B,

% oo

ahd—3
21.3

enpl oyed ¢

SR

addi t e

In

2.662

20.0

4

0.371

209

2.461

26.0

"With respect to the conirol value.

The results of the test above indicate that sulfur-related corrosion damage may

be precluded in silver-based fuel gauge sending units when the fuel additive

composition of the present invention having a high concentration of a

combination of a poly(oxyalkylene) amine (Additive A, 3000 ppm/w) and a

thiadiazole compound (Additive B, 36 ppm/w) is employed as a fuel additive in

vehicle fuel storage tanks.

Example 2

A MY2000 Ford Expedition fuel gauge sending unit was restored to like-new

condition after driving for two full tankfuls of a high concentration of a

combination of a poly(oxyalkylene) amine (Additive A, 3000 ppm/w) and a

thiadiazole compound (Additive B, 36 ppm/w) in a clean-up test. Prior to the

treatment, the fuel level gauge was erratic and read artificially high. Engine
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20 vehicle fuel storage tanks. Exanple 2 A MyY2000 Ford
Expedi tion fuel gauge sending unit was restored to

i ke-new 25 condition after driving for two full
tankfuls of a high concentration of a conbination of a
pol y(oxyal kyl ene) am ne (Additive A 3000 ppnmiw) and a

HscgRCR e PBRIEDODG e benip senRnowhin 1ablE oFp base

e B R ML S el e

sgraating gomtainieg Bo okeematseits propertipasukidesciiseadinf dable e Prior

n - n | . f . .
2Rl e o] By 6k @ BT Ihe PRI B goyoe
d@@ﬁﬁgf@ﬂt slecifizhl ndlog Bignarl wat Pedtrdéd biRE anB/zEMWOA one hour
tankful additized cl ean- u[)bt est, the vehicle's fuel

fEafFeresosinvag agaPMpHS y tirat reafiting thestapkawittwelean test fuel
RBIAREA R BRI 1 AR ersk | C R SRR CoRBgThe

t@sdn faeiline (useddidt thz etldpertibs des@beiidh NGibld 6. Thatanhk was

to th ty tank point. The clean gasoline
[elnenRy 3 Rempragenel oshadebidndieirasnegive ool Gaige mding
s, Mg TpliAe SofalRaskEra abd (e HEH feduentBiusing =
sTigha IRt TEe digitdleatidio tapegtetheoldgaretoseei éne enale g rsigraal

RO SENGN Gh Boch Sabhgs LEE TRRodRE e
QUIK-®! cﬂ’eﬁéfa?n%%@soﬁ%ﬁerp%%ﬁé@@ﬁvég usEd% qQa!hgﬁy\{ftalﬁg?écﬁncal

anal ysis softwdre package was™ used to quanti
anatag wareformnbihe goliwersf pomidedhoths thfe wavefopnsvAGempupled (the

. AC- | ed 15 f
OB BIAR PUEUSh AT o SRR By s BB B Tk moan-
(squate: tRaBqUAGLBLESf thBuRTIUEhe shltesadf dinGarape Rfintsh@ivided
squares of all sanple points, divided by the nunber

& teamymber chramplesdalienhanthihe maxirawa anchiminimuo velkage
A Ot S by By rHE VB it e i dBpee
\vehween thehmarimueh endedintroumsyallkeisiixe meféyred to as the maximum-
minimum delta voltage value. On a trace recording, the greater the value of the
AC-coupled RMS voltage or the greater the value of the maximum-minimum
delta voltage, the more corrupted is the sending unit signal by surface
contamination.

Once the vehicle’s fuel gauge sending unit signal was initially recorded, the
vehicle was then driven on the additized test fuel for two full tankfuls. At the
completion of two full tankfuls of the additized test fuel, the vehicle's fuel gauge
sending unit signal was again recorded and analyzed in the same manner as
described above prior to starting the test. This fuel gauge sending unit signal

recording was compared to the recording done initially before starting the

~ additized clean-up. On a trace recording, the greater the value of the AC-

coupled RMS voltage or the greater the value of the maximum-minimum delta

voltage, the more corrupted is the sending unit signal by surface contamination.
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20 m ni mum del ta vol tage value. On a trace recording,
the greater the value of the AGC coupled RVS voltage
or the greater the value of the maxi mumm ninum delta
voltage, the nore corrupted is the sending unit signa
by surface contam nation. 25 Once the vehicle's fue

g d|n uni initially recorded,. the

S'Hgé?@ ©t awqpﬂlﬁa%m%ﬁethgdamaz@ eéﬁti“g Heit wesr
U Y&stbreklto LAl %pe@tlng%ndﬁleﬁm & Al l‘éﬁkﬁJY?Of tHla'addltlzed
tankfuls of the additized test fuel, the vehicle's
f ua*ao[;g@u dbe results Wig"ewary ssrpgsnmlg anEbU ra@ma@tecéwdcsé@w!adfamatic
ana escr
¢ B EfEn e el 88T SRy it ¢ 0GRS ERN G oy Ephdiion.
signal 30 recording was conpared to the recordi ng done
initially before starting the additized clean-up. On
a Tebleds M¥E2P@Fay Exprdifpnebngine Specifigetiensf the AC
coupl ed RMS vol tage or the greater the value of the
maxi mum m ni nrum delta voltage, the nore corrupted is
t Beresgnah)ng unit sigr@l.2by surface contanination. -18
Tgﬁ Fe ults are sunmarized in Table 7; the fuel gauge

8 %gﬂﬂﬂrt was rest®Ped to a normal operating
fully kfuls of the additized
Ilne r#ggﬁggsultse&g?e very surprising and

u@ennﬁe$$anHmd show %@arfatic restoration of the fue
gauge sending unit to operationally normal condition.

5 10 25 Table 5: MY2000 Ford Expedition Engi ne

SH’SE]bfG ‘Bﬂs’e@zﬂif&%éﬂa(émﬂm%n%agbﬁ Rt Gﬁ@)hr%) 0

Di spl acenment (cnB): 4600 Conpression Rati o: 1
Tabl e 6: Base Callfornla Prem um Unl eaded Test

GRagLiaP 1AM (ASTM D1319)

Aromatics: 22.500 vol %
Olefins: 12.000 vol %
Saturates: 65.500 vol %
Unwashed gum: 34.000 mg/100ml
Washed gum: 1.000 mg/100ml
Oxidative Stability: 24,000 hours
T90 (ASTM D86): 308.3 °F
Reid Vapor Pressure (RVP) 7.010 psi
Sulfur: < 6 ppm/w

Table 7: Ford Expedition Fuel Gauge Sending Unit Clean-Up Data

One-Hour Fuel Gauge Sending Unit Analog Voltage Trace Data

RMS (V) | Reduction (%) | Max/Min Delta (V) | Reduction (%)

Start of Test | 0.356 3.146

End of Test 0.317 11.0 1.323 57.9

"With respect to the start of test value.
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Regul ar FI AM (ASTM D1319) Aromati cs: 22. 500 vol %

O efins:12. 000 vol % Saturates: 65.500 vol % Unwashed
gum 34. 000 ng/ 100m Washed gum 1. 000 ng/ 100m

Oxi dative Stability:24.000 hours T90 (ASTM D86): 308. 3
OF Reid Vapor Pressure (RVP)7.010 psi Sulfur:< 6 ppmlw

Tabl e 7: Ford edition Fuel Gauge Sending Unit
c:T@srfewtajati@a@@@th%morﬁa de trgateedetig fHg! i@ﬁ@!tga,aaga%@s erratic

(O ARGE prACR NG, AHer el ARy d¥edtored o

Testrﬁalaimtatlrﬁglc@ﬂﬁm 8s 8adentdr by diyedatatshowmen Stable 7ot hese
test valu ults indicated that prior to

tﬁ%s%lﬁséaé???@m surlpﬂglng %‘1%@? “%§9uge was erratic and

read artificially high. After treatnent, the fuel

| evel gauge was restored to nornal operatl ng
condition as evidenced by EWem@tgd shown in Table 7.
These results are both surprising and unexpected. 5
Exan'pl e 3 Two MYl 998 Chevrol et Lum na vehicles were

nly

aJuBMYIREE Gl PR ilind SrBRR A P Sbt With o8 S
1@onwmarkette (frsteartostty avsd)yanetrihedrivenmtegsthal fopr 2000 Miles on a
unl eaded gasol i ne, Englne

marketplace moderately severe commercial premium unleaded gasoline. Engine

specifications for the two test vehicles are listed in Table 8. The base test

gasoline used was the same gasoline as is described in Table 9; additionally,

elemental sulfur at 1 ppm was added to this gascline in order {o enhance test

corrosion scale and replicate a marketplace moderately sulfur-severe fuel.

At the start of the test, one vehicle was initially dosed for one full tankful with
poly(oxyalkylene) amine (Additive A, 3000 ppma/w) alone. This is referred to
here as Fuel 5. The other vehicle was dosed for one fuil tankful with a high
concentration of a combination of a poly(oxyalkylene) amine (Additive, 3000
ppmal/w) and a thiadiazole compound (Additive B, 36 ppm/w). This is referred
to as Fuel 6. This is the only time during the test that either vehicle was
additized with the concentrate. Fuel 5 and Fuel 6 are described in Table 10.
The vehicles were then driven together for 12000 miles over a prescribed road

course, at which point the test was terminated.

Table 8: MY 1998 Chevrolet Lumina Engine Specifications

Bore {mm): 89.0
Stroke (mm): 84.0
Displacement (cm?): 3100
Compression Ratio: 9.5:1

-20 -



10

specifications for the two test vehicles are listed in
Tabl e 8. The base test gasoline used was the sane
gasoline as is described in Table 9; additionally,

el enmental sulfur at 1 ppmwas added to this gasoline
in order to enhance test corrosion scale and
replicate a marketplace noderately sul fur-severe fuel
15 At the start of the test, one vehicle was initially
d yl ene)
936 4 el LATKM LMool g
referred to here as FueI 5. The other vehicle was

daosed. f ful with a high concentration
e&%?ﬁé’*ﬁﬁ@%ﬂ" g)ﬂtﬁagol y(oxyal kyl ene) ami ne
(Add| t iAYEmM a0 pprra/vv) ayyls@o Bi @di azol e conpound

(Additive B, 36 ppnmiw). This is referred to as Fuel
6. Thi Olefingt he only tine d#g.PBgveh® test that either

vehi cl s, additized wt C centrate Fuel 5
and Fu |a¥\l'€r t:ﬁse descri bed |¢;5 %@I The vehicl es

Wn@vatsh@ﬂ(?ﬁirm ven toget her 3@00@2,@@0@1111 es over a
prescri bed road course, at which 80| nt the test was

t Vashegt@am: Tabl e 8: My199B0RR&HPeM! Luni na Engi ne

s B k 84.0 30
o EEIE R 16) © STob ot BN Rat 0 0.5 - 1

- ZQOTABITM 986§3ase Cal i f or r3G8.PPEM um Unl eaded Test
%?(H{ ul ar (AST g 319) 5 Aromati cs:
goor Ehsshis GY/P): Unwaoh P§m  \ashed gum
Sulfur: < 6 ppm/iw
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Pressure (RVP): Sul fur: 22.500 vol % 12.000 vol %
65. 500 vol % 34.000 ng/100mL 1.000 ng/100m 24.000
hours 308.3 OF 7.010 psi < 6 ppniw Table 10: Start
of Test One-tankful Additized Fuel Description Fuel 5:
Additive A (3000 mw) . Fuel 6: Additive A (3000
ol 10: Satiof Test GnedaRdhL Addiliend teehRassaptono) (36
5 ppmw). Four silver and four copper coupons were
affixed to a stainless steel tray which was placed

S iy b pldditite AHBOG®ppovivhf each vehicle's fuel tank.

et Fokide aid Pome Sindiheds Bt Pl ol o) (o6
and prggﬁ{/@p_l_ as per specification | P227/82 (Silver

Strip rrosion Test). Al silver coupons were
prepared by this method and rated using the "Silver

Stri assification" ratin cal hown in Tabl . .
5P ALV Bt PRy oot EE afied PR s\diuifiP sfeet fray whicn
Widsepladed SlismsrgBlag e bBBiom Bi@aR RBRICICHHRY isnk. WRICA coupon
rated as per specification ASTM D130, using the

" esspRiectaeallygsdataddserpihe rageaddearaeasholtieri hhasilver coupons

st or B3R BhEel g RBieplof RS TSLBT s Eorrosion

caleRBr ABsilvep causod aepd papared by this method and rated using the
“Siiver Strip Classification” rating scale shown in Table 12. For the silver rating
numbers, “0" is no tarnish while “4” shows blackening. The copper coupons
were rated as per specification ASTM D130, using the “Copper Strip Corrosion
Standard” shown in Table 13; this standard is a plaque of copper strips which
show visually the rating numbers and the respective copper strip discoloration
that relates to each number. On this scale, the cleanest rating is 1A (little or no
tarnish) and the most tarnished rating is 4C (blackening). The characteristics of

the coupons used are given in Table 11.

Table 11: Characteristics of the Square Silver and Copper Test

Coupons
Length and Width: 0.75 inches
Thickness: 0.032 inches
Copper purity: 99.9 % pure

(made in accordance

“with ASTM B370)
Silver purity: 99.9 % pure
(MIL-S-13282)
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that relates to each nunber. On this scale, the
cleanest rating is 1A (little or no tarnish) and the
nost tarnished rating is 4C (bl ackening). The
characteristics of the coupons used are given in
Table 11. 20 Table 11: Characteristics of the Square
Silver and Copper Test Coupons Length and Wdth: 0.75
i H'@h@s12:mf'mﬁtﬁ?¢1$rté§§|yel)003|20m Retieg NOoppess purity: 99.9
% pure (made in accordance with ASTM B370) Silver
purity: 99.9 %pure 30 (ML-S-13282) Table 12:
Deflageificagts of SDbyighat@pon Reabédegiplibiber s
Classification Designation Description 5 0 No Tarnish
The sane as freshly polished strip except possibly
for so very slj l.pss of Iyst ' Enish .
Fai nt gfovvn or V\ﬂlgptearréllggcol or atﬁgen%rpe]afgtéss?lﬂ%&%ggg%%p
note bel ow) 2 Mderate Tarni sh deapbsdssital forssarne hegsslight
blue or mauve or nedium dark straw_ brown col oration
(see note below) 15 3 Slight BPEREREHFIY Spots and
pat ches of black or grey on surface or uniformthin
filmof black deposit

1 Slight Tarnish Faint brown or white discoloration of

strip {(see note below)

2 Moderate Tarnish Peacock colors such as blue
or mauve or medium/dark straw

brown coloration (see note below)

3 Slight Blackening  Spots and patches of black or grey on
surface or uniform thin film of black
deposit

4 Blackening Uniform heavy blackening with or

without scaling

Note: The ASTM or CRC color Standard for the Thermal Stability of Turbine
Fuel (ASTM D-12660) should be used to differentiate between the brown
colorations mentioned in classifications 1 and 2. Any brown coloration less than
ASTM or CRC No. 4 should be rated classification 1. |
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20 4 Bl ackeni ng Uni form heavy bl ackening with or
W t hout scaling Note: The ASTM or CRC col or Standard
for the Thermal Stability of Turbine Fuel (ASTM
D-12660) should be used to differentiate between the
brown 25 col orations nentioned in classifications |
and 2. Any brown coloration |ess than ASTM or CRC No.
4 Tahleul 3 Definitanedf Sappst Coupon Gatibg Nubbers1 3:
Definitions of Copper Coupon Rating Nunmbers ASTM
D130-04 : Copper Strip Cassifications Cassification
DasTon atiizorydeseppéit $p Clasdifshions pol i shed stripe 10
15 1 slight tarnish a. Light orange, alnost the sane
as freshly polished strip b. Dark orange 2 noderate

t | Cl ar el .L; === D e €. Miulticolored

ol %p:aﬂ er blggégaa—n%nrlver &ﬂﬁo@ﬁ@overl aid on
claret red d. Silvery e. Brassy or gold 20 3 dark
tarnish a. Magenta overcast on brassy strip b.
MiresrhoPekt @GR red and green showi ng (peacock), but
no gray 25 4 corrosion a. Transparent black, dark gray
or brown with peacock green barely

1 slight tarnish a. Light orange, almost the same as

freshly polished strip

b. Dark orange

. Claret red

— b. Lavender

2 moderate tarnish

1Y)

- c. Multicolored with lavender blue or
silver or both, overlaid on claret red

o d. Silvery

- e. Brassy or gold

3 dark tarnish

- b. Multicolored with red and green

[4h]

. Magenta overcast on brassy strip
showing (peacock), but no gray

4 corrosion a. Transparent black, dark gray or
brown with peacock green barely
showing

b. Graphite or lusterless black
c. Glossy or jet black

" The ASTM Copper Strip Corrosion Standard is a colored reproduction of
strips characteristic of these descriptions.
2 The freshly polished strip is included in the series only as an indication of the

appearance of a properly polished strip before a test run; it is not possible to
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showi ng b. G aphite or lusterless black c. G ossy or

jet black 30 1 The ASTM Copper Strip Corrosion

Standard is a colored reproduction of strips

characteristic of these descriptions. 2 The freshly

polished strip is included in the series only as an

i ndi cation of the appearance of a properly polished

S tduppcaie this @ppearege affar aitesfiayenovittpa seimplatelydionggrrosive

dy g$te this appearance after a test even with a
%51 ‘el y noncorrosive sanple. As the vehicles were

driven on test, the coupons were extracted and rated

5 every 2000 mles, The coupon ratings at the 6000
mplsethﬁ Yepistas Wﬂf%l‘ﬂ\’ﬁ’ﬂ Q test dbprprRRNaWaresexiasied and rated

WEPR. 2000 LS R CJ B Bt S fleyddt hli@lrspecfifty Bint are
wWsabetted ded seouzoiaed i Dablehet \EGduipoine fiom thea»l/érycle initially
additized wth SFeLl?é6 are seen to bﬁﬁbl‘l ght an

| doppéudth aglitzeddUpk pyare §eBRIIe PRGN &%wﬁs&easam
S'&B\Qﬁoﬁé‘ﬁgmeth@r\)%ﬁlc% iﬂﬁieﬂig 200[tZ88 VRh Fﬂﬁé?%%'s%%Pttg Hel¥right and

'ver and copper coupon ter nearly 6000 m
f ﬂtm’nrdmseThnsi i$ ivan‘y QMpHLIBn laﬁdlunexpecstad eandsirawes Fael 6 providing
Tabl e Qe}%t %v r rlat ng nunber for gﬁel 6&‘ . 0 |
§°F{85'P5rF%FP iQihiq Repgipr 86 COPRYYSRMPANY aftet AFY ‘(39§ miies
I it RSinitPbné AEh kA RRPbs GRUBF I 6FHETatfle 19, i ﬁﬂ/e‘tiiﬁatlng
1A" (little or_ no tarnish) while Fuel 5 is rated "

Bnugher ordr uel §egf 015 rmataiaish avhilgiAugk b I&ﬁwd@bﬁpbfrtamlsh (2);

IR RenBin e Boios 350 Ral R G5 5O AR AT R: AREC 6P RB Rarnish)

while Fuel 5 is rated “1B” (dark orange).

Table 14: Silver and Copper Coupon Ratings at 6000 Miles

Fuel Silver Coupon Copper Coupon
A B C D E F G H
3 3 3 1B 1B 1B 1B
0 0 0 1A 1A 1A 1A

Additionally, the fuel gauge sending unit analog voltage signal was recorded at
each 2000 mile inspection point. Twenty minute trace recordings were
accomplished by first re-filling the tanks with clean test fuel, then recording the
drain sequence to the empty tank point. The clean gasoline used had the
properties described in Table 9. The tank was drained by a pump external to the
vehicle. The respective fuel gauge sending unit's analog voltage signal was
recorded during the drain sequence using a TEAC RD130TE digital audio tape
technology recorder; the analog signal digital sample rate was 48000 samples
per second. The recorders TEAC QUIK-VU data analysis software package was
used to quantify the electrical analog waveform. The software provided both the
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Additionally, the fuel gauge sending unit anal og

vol tage signal was recorded at 20 each 2000 mle

i nspection point. Twenty m nute trace recordi ngs were
acconplished by first re-filling the tanks with clean
test fuel, then recording the drain sequence to the

enpty tank 5@@ The cl ean gasoline used had th
pW@b%fPt’m s Grssuplpd éheiwaveliemne DG cormronantis %ﬁ%ra&m Pty RMS

b
. %%Ir’ag%auge Q Jﬂ@én Eﬁuélj&gthgn da?é Fo t;Bgﬁeer s?ﬁﬂ%?fHe &Luaé%s of all
r emnpkéqﬂanmterdlwgeﬁ bg thoke aumbseqimm@eﬂmmg) aanﬂEtA@ maximum and

RD130TE digita t technqgl o recorder; the
i s e i e Beratnis Pl e dtiiene, L imlase
pﬁ{atgﬁﬁlﬁ‘@é‘giﬁe@%e rb%ﬁ@ééf?fhesmgﬁﬁ’lu nfShEminflah samBas Ynéfesreferred
war e package was used to quantify the electrical
altedthevmadfrummminineins déltavweltageralieled both the - 25
wavef orm s AC coupl ed (the wavef orm DC conponent is
subtracted out) RVS voltage val ue (root-nean-square:
t TRe S0 YfaBige @@hdiAG, Lﬁﬂ%l%rl\)dﬂrééorﬁh@ S AgsioOtatd bt the 12000
sanpl e points, divided t he nunmber of Ssanples
t aw@nr)Sp%aﬂanwwrnmaﬂmraﬁablenﬁa it pefeeNt mgeictian gamber
a&l’i&hﬁ' dfo?\c.’ﬁe; ?uél'@evﬁt\{%é {Rfﬁhv}@gﬁ%c?rt&}he-rﬁ?ei\sov d@@se. On a trace
nmagni t ude erence m ni mim

Vfdd@ﬁjmg therggedtef e eflue bbtHRsAChRUpR RMS \Vﬂlm'g@mm the greater
delta vol tage val ue. The fuel gauge sendi ng uni

sihgniiug ef:t!sl.ednﬁammrnawm%.d@ tahags. thw&:@d@@rum@d is the
 CTRREG AR oSG Rl ARG, {eps BSSLEF Bbty surprising

watidh unexgzmlted tw]dtd&mcﬁumtatés {hedt des FUENG eant pectect and maintain in
\r/ﬁfgor pltlpﬁzu @gxtlggset ﬁqua}g sﬁggrgfstu ﬁréoc‘)%osmr? !for oveM?ZOOO
nﬁmbgwﬁhrgr{gmg%ﬁa vol tage, the nore corrupted is

the sending unit signal by surface contani nation.

These results are very surprising and unexpected, and
denonstrates that the Fuel 6 can protect and nmaintain

in 15 normal condition fuel gauge sending units from

sul fur corrosion for over 12000 miles with one
application. Table 15: Fuel 6 Persistence at 12000

Ml es
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20- M nut e Fuel CGauge Sending Unit Anal og Trace Data
RVE (V) Reduction (%9 Max/ M n Delta (V)Reduction (%

Fuel 50.5053. 203 Fuel 60.39721.42.66816.7 Wth respect
to the Fuel 5 value. 5 As the results of Exanple 3
show, the hi gh concentrati on of a conbination of a

pol y(oxyal k am ne (Additive A, 3000 ppmw) and a
tﬁﬁé'@i ol el l&i o‘@fﬁtfte'(%@ﬁﬁwgwe%G ppm w) persi st ed
for over f

sendi ng unlzé)&g/]r"gﬁr%bs ur- ﬁr{dﬁgwg\&% .Tra%@qﬂa?ta
Addi tionally, silver and copper 10 coupons pl aced in

he gasoline-tank re Lned_hriaht an strous—for

bver 6000 i RMS (V) fredpishior (@) vWﬂX/{VhféD@étﬁEW atyesiyction (%)

vemcreogg ed |n|t|a||y WI[ g
bol y(oxyal kyl ene) anijne al one shgwed slightly

bFack@&ned andd.Bar ni shé&d.4 coupons |2.66900 ni | es. |Tibede

aculfc are curnr|C|rn ahd unavn ct ed 15 Examlle 4

CotTCuUT arpT T T

pol y(oxyal kyl ene) amne (Additive A) enployed in the
present invention can by itself restore
s Akftie results of FapmpdarB ghdw, theshigh @ogeertaatibinngf aucdrmbination of a

e allepeb Atu Piddid A dtd CrpBent kb diafie2Sfe compound
aﬁ@ddm\)@eﬁ 20 pﬁﬁ%} bé‘r%ns‘%é’d‘f‘cﬁ%%ﬁﬁ 9@00 R4S iMBxREcRRY Pleduel
been shown to effectively keep clean or cl eanup_non-

caama@@tﬂjug utié rest sulfurHieladsdeorresiey. Additienally, silver and copper

Gt ot dha 3=S508 Bl ety Gt YRS Tof Ber 000

Cﬁrm@@ wﬂwe(MﬁEIé WitR tBe cOmERRATIoN) whide vehieRd deked inttially with the

sul fur corrosion_problem 25 from hagl%enl ng and provide

|@ﬂlg(%alw epApinEplongshauedrsligbty Plackarghred tamishee
d
& stgo\‘?wgéracﬁ“a@bb%fés THELBZ UMY LSRR, Lhd Bhef3RISE:

system su HEShT i on, causr ng
fuel gauge sending unit failure. Four of the vehi cl es
(here nanmed Vehicle 1, Veh cle F Vehicle 3, and
Vehicle 4) were xamp 4

High concentrations (3000 ppm/w) of the poly(oxyalkylene) amine (Additive A)
employed in the present invention can by itself restore sulfur-corrosion damaged
fuel gauge sending units to normal operating condition. This is surptising and
unexpected because traditional deposit control additives or additive concentrates
have never before been shown 1o effectively keep clean or cleanup non-
carbonaceous deposits. However, only the high concentration of a combination
of a poly(oxyalkylene) amine (Additive A, 3000 ppm/w) and a thiadiazole
compound {Additive B, 36 ppm/w) can preclude the sulfur corrosion problem
from happening and provide long term prophylaxis as described in Example 3.

Five MY1998 Chevrolet Lumina vehicles were first exposed to severe fuel

system sulfur contamination, causing fuel gauge sending unit failure. Four of

the vehicles (here named Vehicle 1, Vehicle 2, Vehicle 3, and Vehicle 4) were

then dosed with poly{oxyalkylene) amine (Additive A, 3000 ppm/w) for one full
-7 -
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30 then dosed with pol y(oxyal kyl ene) am ne (Additive
A, 3000 ppmw) for one full -27 tankful and one
vehi cl e (here named Vehicle 5) was dosed with

pol y(oxyal kyl ene) am ne (Additive A) at 192 ppniw in
order to denonstrate restoration of the fuel gauge

S S el 2ok Sosed i e o

cBIR(UTEKGIEE) B InRYRIEAS of o BIRP W Sy 1 Bbmonstrate
r ezpionation bhtheughgaugrosereing anié sijoshyehifle 5 was dosed with
P RV SH RS PEInS 8L a FuchdByBnchrioruBRE tia TRbRRR A in

t 8fder t§AERIONBRateAEt Edplats HRRIELEST oPBS fAcCEURMS LiBits
lifornia regular unl eaded gasoline (no ox

. . genat e .
wiedviresdhe higher coreertiade dasage ohplyoxyalkyiene amilme-ﬂ)mesengme

C OREBtLS by PSRN RAueRLLBRR o Opa P BT R B
ggasolimendzed ih thd adhieled Was d bemendrtiat GRlifoasa refulet ualeaded
cont ai ned a severe_ sul fur package. a

dded to th
gdaeplinednpexygenate) with dhg amp@rmez,ﬁslist%ieﬂewﬁ? 1 Tigpie that this
i . | .
SBHF et Baod heahtanen HOmMEr i ReRDS R HRIE nis
dactouriipfcs elog e enwashdchgume stunvtedriicc Tablewer)e THe idirgrup hest

a_prescribed city-suburhan test cycle for two ,. .
Bl ABOCT RS PSUPTa TG Sverkeod B34St aphe dRolie porder to
SkAhdndibtek \féﬁ*i?)s.t'ﬁ‘ﬁ‘s@\}e‘?ré%uﬁlﬁ’r patkaBl contained 16 ppm of

pol y(oxyal kyl ene) am ne, the respective vehicle"s fuel
gelegrerddratiifngant 2D ppamaf ogreaptamagelfigi joathevdigyupcsadisce,

d anal yzed. Twenty m nute fuel di it
¢ PecBSreis welS diiver ab e lipstCioutraen e Ve TRy two
t BEmpRIK fankf§ oRfheCd e tet fudl URtior(tbReartingBh& afeltaie clean-up
described in Table 17 but with no severe sul fur

pegike golydeniedy enaminecihedeapedtive vehioke d fugl gasggusending unit

t ] i .

anEBa PR i3l e g Bnt FanpRE, HahFtinkle frel gauge
uséridisg aniltrage veddrapgssigraalcconplisiesbby firkt deufilling thBeanks with
drain  sequence using a TEAC RD130TE digital audio

t gandetive)I(Bigsarae gpaeline doscripsd imdpbls & Brkwvityngisexere

SaMRlrpacRige E@&ecﬁ?t%oreéem&ﬁeot%kﬁ?ﬁﬂ Waudhe to an empty
tank level. The tank was drained by a pump exiernal to the vehicle. The fuel
gauge sending unit’s.ana!og voltage signal was recorded during the drain
sequence using a TEAC RD130TE digital audio tape technology recorder; the
analog signal digital sample rate was 48,000 samples per second. The
recorder's TEAC QUIK-VU data analysis software package was used to
guantify the electrical analog waveform. The software provided both the
waveform’s AC-coupled (the waveform DC component is subiracted out) RMS
voltage value (root-mean-square: the square root of the sum of the squares of
all sample points, divided by the number of samples taken), and the maximum
and minimum voltage value attained over time by the waveform. The voliage
magnitude difference between the maximum and minimum value is here

referred to as the maximum-minimum delta voltage value. On a trace recording,
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recorder's TEAC QUI K- VU data anal ysis software package
was used to quantify the electrical anal og waveform
The software provided both the waveform s AC coupl ed
(the wavef orm DC conmponent is subtracted out) RVB
vol t age val ue (root-nean-square: the square root of
the sum of the squares of 30 all sanple points,

dihs greatasyihe Nalugiftias AGK-caumien RYS weléage onlhg arpater the value of
I r

T RS 88E, e RRAES N ek b
be Pwaﬁlbvy bivéacepeortamirationm ni mum vaI ue i s here

erred to as the nmaxi num m ni rum delta vol t age
value. On a trace recording, -28 the greater the value
Offl\ﬁEFﬁ\ég‘gﬁlﬂ'a‘lpéthq oRMEaKAl %%Sroci’ﬁqst té‘é‘lcﬁ rv%ﬂFc?é wbE%rl\’léh"F&' one

max! mum m ni mum delta vo

c orirte pkfatiof riegutze usieradied gasoline (cmsgnladzd b‘yTainieﬂafc) avith

" BebIABYETE e Hr YR B <o biesd) Afine cotpfeton s
t ?a’Hk?Mof ?Bly'(&%"l@f lri@?'aﬁﬂﬁ@ dvass %lhﬁ@ ﬁ@?g?&fag@%dlﬁ%\unit trace

Table 17 oxyal kyl ene) am ne ditive
3c80rdipgaiveye againtagsooypliphed byiirsirefiling the dandtsuwvitiy tlean test

| k

P Rl (5 i 685he YBE RSN ED 7 B8 it o, SEUE s

b?aékdg@t added)] thehRecdrimgt th8 kFaiiseguehend e emptP tdrikebvel. The
he sanme gasoline described in Table 17 but wth no

s&ﬁégaug%seu¢lngp@&wa@@ga@@@aélng galans seaundiizRg innkable 18. The
d
OSBRI FRE Tn of 10 G Cabol M elr B uel flfie UL #Signal
Tohvirg th&e ﬁI]bEIevdlah?caﬂm&om treet veh&dﬂe 3lflelf gauget sesf:stored to
cases, an erratic fuel gauge sending unii signa )
gmwm@ GPeralng eRIdiaRRY teheelansignsi Pﬁ@éwg}wllﬁéﬂ%e) amine
LGS r -
condctl on b(?/ﬁtahtgaﬁgggegfoq%qiéﬁ? gﬁ%fﬁjlthg%ﬁ?é 5f¥e AC-coupled
RIM& valjadckgt inegireater tree valoaoétiter mﬁ&imlﬁ’l rainimamedelta voltage,
cordin ater the val ue th
61 yE e egpanchrad Un o0l s ifadeemamiation.
maX| mum m ni mum del ta voltage, the nore corrupted is
the sending unit signal by surface contanination. 20
Tasble 166 MYAAIDEhewelat blugina Empine Speypitications

Speci fications

Bore {(mm): 89.0
Stroke (mm). 84.0
Displacement (cm?): 3100
Compression Ratio: 9.5:1
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Bore (mm: 89.0 Stroke (mm): 84.0 Displacenent

(cnB): 3100 25 Conpression Ratio: 9.5 :1 Table 17:
Base Regul ar Unl eaded Test Gasol i ne Regul ar FI AM ( ASTM
D1319) Aromatics: 5 Oefins: Saturates: Unwashed
gum Washed gum Oxidative Stability: 10 T90 (ASTM

D86): Reid Vapor Pressure

RVP) : Sul fur: 32.00 vol %

glanevidl Base Segrianidniesdedlest Gagaioenr 1. 000 ng/ 1001
24.000 hours 351.1 OF 11.64 psi 20 ppmw Table 18:
Fuel Gauge Sending Unit C ean-Up in Four Chevrol et

g?marvﬁd:mg ss'M/DﬂmQ’pl y(oxyal kyl ene) Am ne 20-M nute
ue

Gauge
Aromatics:

Olefins:

Saturates:
Unwashed gum;
Washed gum:
Oxidative Stability:
T90 (ASTM D8G):

Reid Vapor Pressure (RVP):

Suifur:

endi ng Unit Anal o&; VoI tage Trace Data
VO

8.30 vol %
59.70 vol %
2.00 mg/100ml
1.000 mg/100ml
24.000 hours
351.1 °F

11.64 psi

20 ppmiw
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SOT = Start of Test EOT = End of Test RMS

VReducti on*Max/ M n Delta (V)Reduction* Vehicle

| SOT0. 4522. 886 EOT0. 35222. 19%4.. 24856. 8% Vehi cl e
2S0T0. 4513. 062 EOTO0. 36818. 4%4.. 29857. 6% Vehi cl e
3SOT0. 4312. 821 EOTO0. 35517. 6%. 36151. 8% Vehi cl e
4S0T0. 4612. 747 EOTO0. 36920. 094.. 37150. 1% Vehi cl e
5S0T10. 4622. 029 EOTO0. 4248. 29%4.. 67317.5% * Wth respect
t olathle 18COFuglGaege Beadipganit Aleanrdp iratesr €havrolet

pol y( oxyallkiyhira&ehien®/ithduyokyalkgehy) Atrded f
restores erratically operating fuel gauge sending
units to normal operation. This 5 is surprising and
u @é'?% aﬁﬁf?

aS%?( Rﬁ ﬁ%tgq:odrb? addi t%t{/@ﬁ?&%%}ggﬁ{nr at esétéé%éﬁﬁlgec{/eg?atgef ore
been shown to effectively keep-clean or clean-up

nop-car ppnaceous deposits on fuel gauge sending units
i n§9 v“é%?acrf@ﬁ??%el storage tank. What is clained is:
1. EOTIOFA o Tedt

RMS (V) Reduction* Max/Min Delta (V) Reduction®

Vehiclet SOT 0.452 2.886

EOT 0.352 22.1% 1.248 56.8%
Vehicle 2 SOT 0451 3.062

EOT 0.368 18.4% 1.298 57.6%
Vehicle 3 SOT 0431 2.821

EOT 0.355 17.6% 1.361 51.8%
Vehicle 4 SOT 0.461 2747

EOT 0.369 20.0% 1.371 50.1%
‘Vehicle 5 SOT 0.462 2.029

EOT 0.424 8.2% 1.673 17.5%

* With respect to the SOT value.

Example 4 demonstrates that poly{oxyalkylene) amine concentrate by itself
restores erratically operating fuel gauge sending units to normal operation. This
is surprising and unexpected because fraditional deposit control additives or
additive concentrates have never before been shown to effectively keep-clean or
clean-up non-carbonaceous deposits on fuel gauge sending units in a vehicle
fuel storage tank.
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20 4. 255. 6. 30 A fuel conposition conprising a najor
anount of hydrocarbons boiling in the gasoline or

di esel range and a fuel additive conposition
conprising: a) at |east 2000 ppm by wei ght of a

pol y(oxyal kyl ene) am ne having at |east one basic
nitrogen atomand a sufficient nunber of oxyal kyl ene
ulVhas is daireedis t he pol y(oxyal kyl ene) ani ne sol uble in
hydr ocarbons boiling in the gasoline or diesel fue
range and b) at |east 10 ppm by weight of a

t hi adi azol e conmpound. The fuel conposition according

to Clalml wherein said poly(oxyal kyl ene) am ne has
a nol-eculfefucheprRpsition ?ﬂ@PF'ﬁ*ﬁ@@ @ﬁiqrracsmwg@é@v EBGErRANS

10000. Theyf ﬁqht ?@&ﬁfn%'o?'@h@ﬁs%??érﬂéé@naaf&laéd@itﬂve composition

wher ei n sald xyal kyle ne contains

| east abmnhmﬁsuxyalkylene units. The fuel conposition
according to Caim1, wherein said poly(oxyal kyl ene)
am ne contains at | east fron1about 5 to 100

oxyal ky! a’HBé&tSQO p(}?p é;@)ﬁ}gﬁ%;f)@gga)@gﬁgrﬁgbwnﬁ& having

Caim1, er eln sa
contai ns atatf ieaﬁioﬁahﬂﬁlcabmgeu@tmm areioa suﬁﬁigz'@hkylxmber of

units. The fuel |on rd| aima1l,. .
wher ei n sai &Y 6\881%)% tﬁ?)ffe ql]\go %ﬂ?'ﬁgaﬂ"ne soluble in
| east from gpdéarbOng @omﬁg thﬁéaééfédIlﬁ@%r%éeﬁuel range and

b) atleast 10 ppm by weight of a thiadiazole compound.

2. The fuel composition according to Cléim 1, wherein said
poly(oxyalkylene) amine has a molecular weight in the range of from
about 500 to 10000.

3. The fuel composition according to Claim 1, wherein said

poly(oxyalkylene) amine contains at least about 5 oxyalkylene units.

4. The fuel composition according to Claim 1, wherein said
poly(oxyalkylene) amine contains at least from about 5 to 100

oxyalkylene units.

5. The fuel composition according to Claim 1, wherein said
poly(oxyalkylene) amine contains at least from about 10 to 100

oxyalkylene units.
6. The fuel composition according to Claim 1, wherein said

poly(oxyalkylene) amine contains at least from about 10 to 25

oxyalkylene units.
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The fuel conposition according to Claim1l wherein said
pol y(oxyal kyl ene) am ne is a pol y(oxyal kyl ene)

nonoam ne. 8. The fuel conposition according to Claim
7, wherein said 5 pol y(oxyal kyl ene) nonoamne is a
hydr ocar byl pol y(oxyal kyl ene) nonoam ne. 10 15 20 25

- 9. The fuel conposition according to Caim8, wherein

t he 7hydr déerfbgl congpasifipradcoosdiog iy §laeat wierein said

50 var ool eRRRRI SR bf BE BRI RT BN g 0
G aim9, wherein said hydrocarbyl group of said

hydr ocar byl pol y(oxyal kyl ene). nonoanine is an
al k¥ pherye fgelrgmpositionmagsording t@ &g +Wereltedid di ng

bty ( oxy ZERSP YRR S barfINGTORH Bidcarip poly(oxyalkyiene)

pol y( oxyahdndaemieg. nonoam ne, wherein the
pol y(oxyal kyl ene) noi ety contai ns oxypropylene units
or oxybutylene units or m xtures thereof. 12. The fuel

COMOSi t gy f36 (ﬁ’[b idrPadeofdifly 14 CIARES ShvRer@iM the hydrocarbyl
hydr ocargy?‘l% poﬁ/H ox{/a;-]‘%? er?gylﬂ?mnoaarr‘?ﬁe IS an .e y ' by
al kyl phegybup pbsaid bygrickidyepely(oryatkyteneg mareanshe cohtains
pol y(oxyal kyl nﬁ% | ety, contai ns oxybutyl ene units.
13, Y he fiobH aBoiiyb 37 GHOBB AT Bong 1o Ol ai m 12
wherein the al kyl noiety of said al kyl phenyl group is
tetrapropenyl. 14. 5 ) )

10.  The fuel composition according to Claim 9, wherein said hydrocarbyl

group of said hydrocarbyl poly{oxyalkylene) moncamine is an

alkylphenyt group.

11.  The fuel composition according to Claim 10, wherein said
hydrocarbyl poly{oxyalkylene) monoamine is an alkylphenyl
poly(oxyalkylene) monoamine, wherein the poly(oxyalkylene) moiety

contains oxypropylene units or oxybutylene units or mixtures thereof.

12.  The fuel composition according to Claim 11, wherein said
hydrocarbyl poly{oxyalkylene) monoamine is an alkylphenyl
poly(oxyalkylene) monoamine, wherein the poly(oxyalkylene) moiety

contains oxybutylene units.

13..  The fuel composition according to Claim 12, wherein the alkyl moiety
of said alkylphenyl group is tetrapropenyl.
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1015. 16. 15 17. 2018. 19. 25 20. 30 The fuel
conposition according to Claim1l, wherein the

t hi adi azol e conpound has the general fornula: N N |1
R3 - (S)x/ \ S/ \(S)Y R4 wherein x and y are

i ndependently integers fromabout 1 to 8 and R3 and
R4 are independently Hor ClL to C50 hydrocarbyl. The
fuel corrpositi on accordi ng to Caim114, wherein x and

Tnd B an SO TERGRROitd S dne O QaRR el bedole

The f uel oommmszdthaerthageneml fgniua:Cl ai m 15, wherein x
is 2, yis 1l R3 is a Cl to C20 hydrocarbyl group and
i somers thereof, and R4 is H The fuel conposition
according to Cla|n116 whareln t he hydrocarbyl group
is alkyl. The fuel conpos Itlon aﬂcordlng to daim1l,
wherein the thiadiazole alky thlothladlazole or

al kyl dithiothia |azol % 0Si t]on
according to Ca h118 Vherel the thi adi aZzole is an
al kyl dithi ot hi adi azol e.

wherein x and y are independently integers from about 1 to 8 and R,

and Ry are independently H or C4 to Cse hydrocarbyl.

15.  The fuel composition according to Claim 14, wherein x and y are
independently integers from about 1 to 2 and R; and R4 are
independently H or C4 to Cyp hydrocarbyl.

16.  The fuel composition according to Claim 15, wherein xis 2, yis 1, Ry

is a Cqto Cyg hydrocarbyl group and isomers thereof, and R, is H.

17.  The fuel composition according to Claim 16, wherein the hydrocarbyl

group is alkyt.

18.  The fuel composition according to Claim 1, wherein the thiadiazole is
alkyl thiothiadiazole or alky! dithiothiadiazole.

19.  The fuel composition according to Claim 18, wherein the thiadiazole
is an alkyl dithiothiadiazole.

20. A method of precluding silver-based fuel gauge sending units from
sustaining sulfur-related corrosion damage or restoring silver-based
| fuel gauge sending units in gasoline or diesel vehicle fuel storage
tanks to like-new operational condition, said method comprising

operating a gasoline or diesel engine vehicle with a fuel composition
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A met hod of precluding silver-based fuel gauge sending

units from sustaining sulfur-related corrosi on damage

or restoring silver-based fuel gauge sending units in

gasoline or diesel vehicle fuel storage tanks to

| i ke-new operational condition, said nmethod conpri sing

operating a gasoline or diesel engine vehicle with a

fuel conposigrisoTy a Bbjarcamoiust ofdyvdrovarioonsabailing indhe gasoline or

hydr ocar bpns ,boiling,in the gasqline or. .diesel range

and a f udlCBBREEE F1tbA T FOPTROSIGN SISO east 2000

ppm by wei ght of a pol y(oxyal kyl ene) am ne having at

| east one basic nitrogen atom and a sufficient nunber

of oxyal kyl ene units to render the poly(oxyal kyl ene)

am ne sol ybl g i drocar bons, bai | i i | .

or ai eseidlr gEeR ARG AR BT A O pl By STA Reving

of a thiadi aziehst sriypaid ditrogen atom and a sufficient number of
oxyalkylene units to render the poly(oxyalkylene) amine soluble in
hydrocarbons boiling in the gasoline or diesel fuel range and

b) atleast 10 ppm by weight of a thiadiazole compound.
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