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particularly, the present invention relates to a fuel

- conposition effective at rectifying fuel gauge

sehdiliy- GOMPESIFIRNFOR RECTIRYINGIEDELAGIS ) OF SENDING UNIT
vehi cl es operated on gasoljne or diesel fuels, such

passenger cars and |ight FROBKEMS 0 BACKGROUND OF THE

I NVENTI ON Har nful sulfurs (el enmental and nercaptans)

f und in many current marketpl ace gasolines have been
rasgnt iyaaEon salaigsdoianfusi tamapesidse dorf gredoligg ugeliesel

th di
3?,?93%% 3 aﬁarﬁ?*ﬁéﬂﬁetﬂ%ff Je¥en M"%Eafﬁ%t%ﬁ%h gongposition
faitsictise at aﬁgmfyna@ magdugé%eﬁkﬁﬁ@stﬂﬂt &b‘bﬁ&'ﬁ% Yn fR stor?ge trimks of

gﬂag‘ol i ne. uces a corrosive filmon cri
els 9%@ Bﬂé‘ﬁ?'@%@r tiesekfuels, gaciyas pasdengereirs and light
tthaks. disrupts electrical continuity and |eads to

either erratic operation or conplete failure of the
sending unit. Ch many fuel gauge sending unit designs,

the erratic ailure can ive an

artificially hi 3@{3&%?311&.;&% THE | BN e’ s 20
i nstrunment cluster fuel gauge (seen by the driver);
this can lead to the vehicle inadvertantly running

blatrmédl stilfeds, (el@hh@rhar@ﬁ:l ﬁ%%ﬁé @g{rﬂgﬁﬁ lé!tr“gh{/ %gltg gg@géetplace

under many driving conditi

garrlingg havetbeenyahowa ﬂoyndm&faamreah slﬁl\'@rdkﬂed;?ﬁfuépgéug‘@éendlng
t to su

R EATBEER R e e iy oo v

uelmalmiscfueLmsta@ttha@ddaaré @Rbasdd Wrdel, etS 8‘?@5 X ursp.gltéjé induces a

nechanlﬁ é nmoves over the resistiv
GRS lmyaq o 'Hcalwéeqtlual cpewenents afftee fistl gmage seading unit that

abl
oam S’ﬁ?&"%"s%’“ﬁ?f'fg%ﬁééé # b iR emmlS obiatBa & complete
iadummﬂtbe\sehdmgmnmmhnahy fuBligabiye sEnding \Wnit 535}} the erratic
t he vehicle' s fuel gauge as~ seen ﬁﬁe
ggergﬂ&‘ of %@P?a%%@'vera@sﬁ'@f icialhehigh ieweérwmg ng thavehick's
InERIMBAL ¢INStP AR Bauye kgt%g\eby ﬁ’%ddrg/%ﬁr 1S calg 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

res:stance 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 -1 the increased

fuel level in the fuel storage tank which corresponds

to the level of the fuel gauge seen by the driver on

the instrument panel of the vehicle. The problem has

| &¢ inoreaseddiheldévalan trantup! skpage tall@vi®haorresponds to the level

d erships. Mt 5 autonotive Original Equi pnent ]
VP 16t ias Ty Bige o Waastrarmpet pand 6 enwehicle.
probl em at sone point. The problemtypically requires
the conplete replacenent of the fuel gauge sending
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t netonwitive Srighas e Oﬁ@'fg& i i th
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tRPEHEBBPE e Problesn absgmexsints The peotlemitgisalheaiglizes the

RESram | t first
S T R REPRL SR S5 o8 copidraste expense to
yoarGEMforthe vEhicleusenkry Sbid ©5Md Bavd iroved Wﬁgﬁi{gk@g?g the

to th roblem Metal-filmng additives by t
rﬁi’vsf-ﬁé%fio%raeanerss Bﬁl‘-h@ SRAKING Heits with Foldetllayerdneporzands. While

ItRisds Stdd i yhaal 8 .d t 10 correct
AT S g O 11 e DB R ol PRL G- mocause
rtbasilvarthasedrdoapuinents wah first htaduesy inte XRemSEplace in 1988,

and has.ljmted effectiveness because nuch
SHE 1 B2 P mAn TaeluFeg SPkiElns s i svsaaptbleciose peoiaem
the fuel distribution systembefore it ever reaches
the vehicle's fuel tank. The ideal delivery nethod for

Metai-fipsing adeRivies vk ek [ﬁ&&‘ﬁé ' LELRLL ;
to an_lafltgrrrar.ket gotr}%gﬁ?];\ﬁgtgerﬁd;\%c age,dd%@%%gg?%éme in
pafinaiins ard podisibution éaymipalisin antatemstto doetest Abmbrmally

] ' e sol ine. Polyether anine .
PRIt BRCbY 6 gt 1S "BrCh Hie markatalacenEnis is a very

Expessive @rocatiire %ddmtlrrﬁite@éﬁ%f\/‘é%ﬁi ?gb’%u%‘muﬁﬁ of the metal

SE’FOSi . These pol yether additives

IR %@H‘I"Hﬂ lgatlp th yeallssrféhe fuel elistributéorpsysiemissfore it ever
POAGHeAN AT JagWETeN onsi.sts. of repeatin _
oxyal Kyl gﬁlghuhﬁ? tg@éf‘i. T %tlagkﬁééw,e\%me%@ llqr%scgggpsmn
"ﬂ?b’mﬁf“mm@gfr!* 4 byiadlditfonab an dfesmRrRIhcefratd F58&ge,
thelﬂgﬂ)y &%”Bé’aéaggcfg pggrr(rap clii?éc'rtll% ir?to the vehicle’s fuel tank and mixed
with the gasoline.

Polyether amine fue! 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 hydrocarbyl poly(oxya.Ikylene) aminocarbamate having a
molecular weight from apout 600 to 10000, and at least one basic nitrogen

atom. The hydrocarbyl poly(oxyalkylene) moiety is composed of oxyalkylene
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maj or portion of hydrocarbons boiling in the gasoline
range and from30 to 30 2000 ppm of a hydrocar byl

pol y(oxyal kyl ene) am nocarbamate having a nol ecul ar
wei ght from about 600 to 10000, and at | east one basic
nitrogen atom The hydrocarbyl poly(oxyal kyl ene)

nwhita havieg fromp8sed afrbox widrky lireBach o2 ém)irléﬁe DaK Tiese fuel
yiene uni t.
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co_rrbuslltJ il on&)cﬁfar?r‘glgt deposi t%s. w&%gﬁﬁw?&éﬁgﬁélrgq%bﬁ&wﬁ@m the

i HiS¢lRaurediosriasiest tat sulurggéaied thoatosioul froblened at eiver-based fuel

i : siJ.ver-pased fuel 5 gauge .
SRR sy RIS TRn B8 B ateSioenbbens LGB asthe disclosure.
taught in the disclosure. U S. Pat. No. 5,851, 242,
[ ce r 22, .1998 to Cherpeck et al.,
d‘? § ﬁ%ﬁg@of ggl?ﬂ% t§syied depaaraber hsl W98MvLhurpeciaet al.,

v.amn al y(o | kyl ene) .

AOIes et Aa B ERRRRSIRAR collo Bt BV RubbsRERimioalkane
Encepell (txydligytesie) amink SatRatisefidforihd pPev@Bion iamaUehtrol of
“%égﬁl% 1992 to Rath et al., discloses
GRS HEPEHG ne fuel's which contain from 10 to 2000
parts per mllion by weight of a polyetheram ne

and/ or a polyetheram ne derivative, wherein the 15
ébﬁy&%gﬁ‘&n@,ﬂézi%%rsep?iéfmbw,rmz:l ) thathaefjﬁan,altjis@mﬁ@fg a

= A .phenol -i ni tiated pol yet her
RS Bfte-cRbie B fifich Staig Foftan ) ta rbhd padis Berfaionty weight
Sf 2iifethorarninechridior 4 BolybRal v baNAive REHAT A
fuel . conpositions containing fromabout 50 to about
Q@B@ﬂﬁ%f N ét PraParebhy psddivasingination ofalphegokinitiated or

s )..amne, wherein the al kyl

e Sy P aPanry 86 i prisoory i
atonms. U.S. Pat. No. 5,853,435 issued Decenber 29,

8plp A ., disclos fuel iti
S AL L TN R oot SRR I oo AN
o oo o8 Tint BnBUEM o Bbed AT BRI Sermition hy
eightiof érloogchyin alitylnkeray oty(siydikyieREydrind, Mherein the alkyl
Db &HASHEL fhe phenyl ring has at least 40 carbon atom:s.

U.S. Pat. No. 5,853,435 issued December 29, 1998 to Avery et al, discloses a
fuel composition containing a multifunctional anti-wear, corrosion inhibiting
effective amount of a pqume_ric 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—rela_tgd corrosion damage to silver-based fuel gauge sending units.
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hydr ocar byl conpound in a Iiquid hydrocarbon
conbusti bl e fuel has excellent high tenperature
deconposi ng, cl eanliness and detergency/ di spersancy
features. 30 Wiile these references primarily dea

with prevention and control of carbonaceous engine
deposits, they do n&UMIKRYOF TetDINPERMGRSOC at ed
"with sulfur-rel ated corrosi on damage to silver-based
fuel gauge sending units. -3 SUMVARY OF THE | NVENTI ON

Di sRécdsEH herchi 1 4 fuek chPoshRIRGRIckLQ At F‘%{t@ﬁ%b ¥Gel™t
rectifying fuel 5 gauge sending unit pro ;
5 pagﬁ}‘ﬁ% PERAIRgyNitRIoblsaee.hartieliagp siverdendidtgel §aigs sending

.in l; § vehi cl es operated on gasoline
or uﬁ?ﬁ’s’ rél%‘%lu ei S 9‘36(%%?!18@%6'3&@ é’r’?ﬁ’é?t%g Asgaspling gpdiesel fuels,
t r agidzas Passepgartdatsibadllight triclas been di scovered that

hi gh concentrations of a 10 conbi nation of a
pol y(oxyal kyl ene) am ne and a thi adi azol e conpound

wh n I h | .
o ppes R AR LB 0, BefRialra ol
e o e TanTen) ST B B TRAATAG opound wen
o‘%"%‘ﬁb’ réﬁ%ﬁ?%ﬁ‘%"ofﬁ'?r%@% 9%@“&? @mi_aﬁelyfuel will preclude fuel

pg]x(oxyal kyl ene) am ne an
-hdeelgatiger sneting unite teslitgnhéwaperbtiormm cenaiibac Thikeisi Particwlarly

T &ShoHdi fush | i ke .
oS eEHIAg S th ek e Bian 87 bbb el Armine and
I5 byhiatiseble chaponid Reb HeehFo@hE1FBRS i@%%?&qﬁéf%?ﬁecﬁve in

provi ded _a fuel 20 conposition conpris
- afBRIRING theniuel setpe sesding unitt like-téwe operatidridlSondition than

- dj 5 f dditi iti
couRer of RESE PHhMetThy B60b. pom by wei ont of a

pol y(oxyal kyl ene) am ne having at |east one basic
nitrogen atom and a sufficient nunber of
Accordingly, in one aspect, there is provided a fuel

20 composition comprising a major amount of hydrocarbons boiling in the gasoiine

. .or diesel range and a fuel additive compaosition comprising:

a)  .atleast2000 ppm by weight of a poly(oxyalkylene) amine having'
at least one basic nitrogen atom and a sufficient fwmber of
oxyalkyiene units to render the poly{oxyatkylene) amine soluble in
hydrocarbons boiling in the gaso{ihe or diesel fuel range and |

-.b)  atleast 10 ppm by weight of a thiagiazole compound.

25

-In another aspect, there is provided a method of precluding silver-based fusl
30 .gauge sending units from sustaining sulfur-related corrosion damage or

“festoring silver-based fuel gauge sending units in gasoline or diesel vehicle fuel
: -storage tanks fo like-new operational condition, said method comprising

operating a-gasofine or digsel engine vehicle with a fuel composition
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25 oxyal kyl ene units to render the pol y(oxyal kyl ene)
am ne soluble in hydrocarbons boiling in the gasoline
or diesel fuel range and b) at |east 10 ppm by wei ght

of c@in Inaoth ect, there

i scprgﬁlggg%gﬁtaﬁﬁ%ﬂﬂ#) ?g—'ly gf:(?% 5‘?"'%1‘ B gaseling or diesel
30range ael as&r&ﬂladgltueldofsngﬁcmm:ﬁ%ﬁ-?h@rhgg sul fur rel ated
corrosion danage or restoring silver-based fuel gauge

sending units in gasoline or diesel vehicle fuel
storage ta @Iééétlzdmﬁkﬁwbﬁm e ofol eIt
met hod corrgrl sing operati aﬁgggﬂélpﬁ@ %ﬁgggfamme having

engi ne vehi cﬂtéeaﬁttdmed)amehltmgmm and a‘htﬁﬁtﬂ@m GirmBef of
maj or am)unt éé@ droca bons boiling in the gasoline

or di esel hg A Su’é’l rendar EWW'E@?&!@ yiens) amine soluble in’

conpri sin @darb6
po|n”5( ) alzlk ;ilqrgnrr] % aramﬁﬁgoﬁﬂ\g??] glﬁ’éfggé’ol}’i‘ﬁecgﬁs‘cﬁregéleﬁgggar}vge and

ni trogen 8 rain biyoveight ofiattéadiazoleosgraplsyhéne
units to render the pol y(oxyal kyl ene) am ne soluble in
hydr ocarbons boiling in the gasoline or diesel fuel

r Wgﬁﬁ%eb)’ac&bre &35 HisE ) SRR ya R nghéjéur?)rtsﬁlg discovery

ctors

| e conpound. Anmpng ot her
s d| sag @gﬁgwge ofe Fﬁ@mbwah@ﬂ of aceraiy pohydoxyalkylene)

h
o B a2 ool Wit E SRR 4 2 dpaledative in o
ey
gs;; ;ﬁﬁ@hrzggpzb%@@'"'%ﬁ'& \Horelaied @ﬁﬂ@mﬁ%’?agimmgebtore fuel
e ue

s sl o 05080y 8080 Gl b,
%ﬂﬂée deritorgoertnoks ta hf:]%-:nefmougbaafmedz o‘@h@ltﬁﬂle Md&lovet,qhe
Ao REY R 1k R 00 e Hlore iy et callBi i g
faeeid

i L@'ﬁ"gf%aff?ﬁ‘%'gg’fg?ﬁ"f gggidagé'%ﬁrgézﬁgrq%age or restoring

Y@fe kigl gauge gandingaanit :%g?m"a@ Otr a,ﬁﬂ;@ﬁ obhitfs fiel storage
LiRaclo, l%h?é\d’g’ﬁgﬁiic&? age anks to |ike-new .

operatlona

DETAILED DESCRIPTION OF THE INVENTION

As stated above, the present invention relates to a fuel composition Baving 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 sustaining suliur-retated 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 uniess expressly statedto the contrary. .
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DETAI LED DESCRI PTI ON OF THE | NVENTI ON 25 As st at ed
above, the present invention relates to a fue
-conposition raving a high concentration of a

conmbi nation of a poly(oxyal kyl ene) am ne and a

t hi adi azol e conpound for use in vehicle fuel storage
tanks to either preclude Dueghitdagge sending units
fromsustain ingsul fur-related corrosi on danage or
restore fuel gauge sending. units to |ike-new

opter o maing orediénsitorihe 300Wy:i-diH,t o di scussi ng t he
present invention in detail, the following terns wll

heheetermtiayiiricaewl ngferani 2h0srgunl@RicaX BHESH

st ?ﬁed-tﬁ? tge contrary.. 5 Dgfi niti gﬁgaﬁ-ﬁrﬁ"’%‘é‘?mn{med of
CERNbaNd bydiegengviigh taay bp -aliphetc, aicydiie, seormatic or
‘dovtHiRSR; p fers NG radical priparily

o rythorddh 210° e oL R o ity Biov Srount may aiso
@D%@lﬂilphafw unsatliiatipnai. @ relafigicsr aé@?ﬂbhi&%ﬂs%ﬁ?rationlﬂ, and may
%Bﬁ{agrimer'%h %Sa| | _or al karyl. Such hydrocarby

grou OF ALy c%m%?*ﬁ)a&mﬁhﬁtquammwmmr&ngen,m ,
blkigenisc s@th 88 ehyriBi B L dcanci ont ai

ni nor anounts of het er oﬁ%&@u%@ﬁhansﬁgﬂmc%r ORYIC fatty
Artdsehrdrocarbyi wilhalse dreelsde siefiniasneletione. Wen used

in conjunction with carboxylic fatty acids,

hydrocarbyl will also include ol efinic unsaturation.

The tern falkall kefets tostf@thsti®gtobAd BidRinalts
branched- chai n al kyl gr ortuag%. 15 Tie htggrcrﬁﬁggﬂrﬁy\'/\prwps‘
refers to parts per mllion by weight of active

TREEH a2 | kyl.ene) Anine The ,
oy o R ey PR M BB o SehEofrauernorastent
conposition is a 20 pol y(oxyal kyl ene) am ne havi ng at
| east one basic nitrogen atomand a sufficient nunber
of oxyal kyl ene uni t—éﬁ—égw&ﬁé&i@ﬁl@meoxyal kyl ene)
am ne soluble in hydrocarbons boiling in the gasoline

or diesel range. Cenerally, the poly(oxyal kyl ene)
bire Rely(epialigiens)fasninessmporidne optesgriseRBfUN ¥8MpcRMion is a

' [ t .l east. abqut 5 oxyal kyl ene units,
%@lk@g&%@&%nﬁp %mfﬁ%gaymg a%east one’basic nitrogen atom and a
sufficient number of oxyalky!ene units to render the poly(oxyalkylene) amine
soluble in hydrocarbons boiling in the gasoline or diesel range.

Generally, the poly(oxyalkylene) amines suitable for use in the present
invention will containl 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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to 100, nore preferably fromabout 8 to 100, and even
nore preferably from about 10 to 100. Especially
preferred pol y(oxyal kyl ene) am nes 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) .

awiil e wbly(oxyabvyéarad) laminangengoomisgbouse MGt sreadb®Ubvention

f f t. 500 t bout 5000.
OB BB oM R PRIRES ) P lda st e PBed s example, i
theS. Fragsieot4,0aY ok RRuchNehude, hysh gﬁﬁﬁ%en the disclosure of

pol y( oxyal kyI ene) poI yani nes as di scl ose
iR isincprporgied. hepgin. b}r\[ﬁfelanZ:ﬂe?TBG&e Corsmoadd@ are hgdrocarbyi

B ol el RERE otk il Bhe R ebhoiiByakvlsigs metety gamprises

rgtdieaMamIeWydﬁombyl(t@Wﬁidte’di gamoﬂ@wé‘) halM e oA 4t 2 to
oxy Ikylen noi ety conpri ses I"'east one

%@%’r ’@?%Y é@lafﬂ d)@%’lel(yﬂher@)'ywhmmylene)‘ cloain is

el {

wher eldﬁh%dr? oxya?[;ﬁ;t}‘ﬂenfé%ﬁ{il {é nﬁ (?e%E%nl tgﬁhgﬁa PRVGTYRE

davinairenml almrt Bdﬁ 12t almrtegn&r?ggh {a@cg?g aatrcrmrﬁfabtaut 2 to 40 carbon

SRR R PR tiro8eR et gtyassrivap Shookd: Lpnd, 18:1. The

mﬂhﬂjm'l bﬂ'g'ﬂ(blﬁﬂ; ed Q%é@ﬁ?&o@ﬁ?ﬁ%ﬁ!ﬂ%éﬁ@%\%g )érﬁiﬂgs will

10: 1. The hydrocarbyl” group’o
sONiAiIRLpRI APelo %D@rémnrﬂism These cnlrmounﬁs @Eh@ba]lythave

co ener IIy have
8ot 6@l 8 Rngd U7 AR SONBPHT S8t Beferatly fowe about
ﬁﬂ@ﬂembwﬁdrmm@b@ﬂérabﬁpﬁomoa&ﬁ@@oéﬁg smppe preferably
from about 800 to 5000. 15 The above-descri bed

hydr ocar byl pol y(oxyal kyl ene) pol yam nes are prepared

We%ﬁ(f@@és‘éﬂ%d ﬂp@&%%n%)@%gmg%lkyq%& ng@f argprepared

taught, for exanpfe
by leenvenatior(ab pradddutEnkowmim e @Wlé@@ughf F6r &finple, IS,

on are the ol y(oxyal kyl ene
E;g?jg %ggyﬁ{erel n the pol y?oxzél )Igl eng) rrm) ety is

Other poly(oxyalkylene) amin‘es 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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connected to the polyam ne noi ety through an

oxyal kyl ene hydroxy-type |inkage derived from an

epi hal ohydri n, such as epichl orohydrin or

epi bromohydrin. This type of poly(oxyal kyl ene) am ne
havi n epi hal ohydrin 25 derived |inkage is

desaEe W(Oéy@l%ﬂe@?) and polyaniiae mditiesta@bdrePared using

. H don.. )
R ot as Kl Br SRAREGE APS, ErERc ke fbe
pol yam nes for preparing the epihal ohydrin-derived
| k 3 I ' i nclude, f | e,

R R U T s ko PRy et raiaresent ieyation is

ih . : C0s cubst i fut ed
TR S e Mo ARG S sl oior oxampte
pitha- &Wd}l@-rﬁaaﬂﬁ@é’diasuad ddar. 10, hednee8chi®yitz et al., the

ene). and ' i et | d
gt N AT SR -
alig/! ;mt(oxwky[énaﬁmo_ﬁaéminéwﬁ%&@fhé %é;r?ergsif formula:

pol y(oxyal kyl ene) am ne useful 1nt resen
invention is a 5 highly branched al kyl

-pol y(oxyal kyl ene) nonoam ne as described, for exanple

in US Pat. No. 5F0927657 {G&0.GHyCHICH,NI992 t o
Schilowtz et al., the disclosure of which is
i ncorporated herein by reference. These highly

wissrelred, | VIR | noam pes have the

gener al Hﬁé nh?dg:lpg% RﬂéM%}g@( 9?%@?&%#@6@@312% 40

Waeben atamas, inseterably lainyalkylarobe thaginkyford @bt 20MLAdH Bms
bon atons, preferably an al ky

f to 4
E?@%?ﬁ?@%ﬁvﬁﬁ ?fgrﬁ ‘%H&ﬁ?étf@nésn%tmmﬁﬁonm ais 8 number up

de B0y prbfé i tion, . and A |
O e T e bre AR 0y RAR AT e, Brlstpet
Aahol gpoianing 28eerheatanoshaviBgehd érmuthcohol

contai ning 20 carbon atons having the fornmula: RZ
CHCH2OH CH2CH2R2 20 wherein R2 is a hydrocar byl

chain. R, CHCH,COH

CH,CH,R,
wherein Rz is a hydrocarbyl chain.

The above highly branched alkyl 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(oxya'fkylene) 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.
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The above highly branched al kyl pol y(oxyal kyl ene)
nonoam nes are prepared by using known nethods as
di scl osed, for exanple, in U S. Pat. No. 5,094, 667.
25 A preferred class of poly(oxyal kyl ene) am ne for
use in the fuel conposition of the present invention
are hydrocar byl poly(oxyalkylene) nonoam nes as

S BB B T 4 Rt s

dedic
myscl oaéfgﬁ" W?{?ﬁgé&g@lﬁﬁﬁd&nﬁﬁ%é gfg‘?&?&% uitable for use in the

pUEFEhdyel Wﬂ@ﬁé‘}'oﬁdﬁld%ﬂﬁlfﬁwar ipngle beofithispzatent dusctibes

TRIPARKR PV ORI Rt @835%@?{%%’ RPafis ramameng e

mmmea primary am ne. In addition, the
above-nmentioned U.S. Pat. No 4,247,301 to Honnen
di scl oses hydrocarbyl pol y(oxyal kyl ene) m)noam' nes

f
Coppe et P AW G R0 papegpine s an
cigdpharad palydoxydlphens) mpnd)ammemhéwneﬂ@ pdil?m?ﬁlkv%‘he) moiety

8:%?1?5@% géwr gﬁ&qlé.ooﬁ?cg%'guy?g%l%ﬂgwures of oxypropylene

- Eoldydoabug)idns aﬁﬂ?é PreR<aBly n?h%ﬁ)og@ox l)ﬁ)fér?@)etﬂ}ﬁlety contains

poI (oxyal klE’yl en@& nonoam ne
lene: Kretenably nibiecaliy! gtaumontise Bﬁcymt%efmybnwlleﬁm‘sl. a straight
t res of oxypropyl ene
&L S?&;fli’égﬁteam fﬁgﬁﬁﬁ%?@r atBIQ\?; : Egn atomsan e@f}emally

X h dﬁét
@?E?Q?afg';“” SISO o g

droup 153 edo(?hfm ahyheld ﬁ%{bﬁnawms dffrlvbdo‘mrakpmupy!&ne
t&rdfieear bon atons. An especially preferred
al kyl phenyl noiety is tetrapropenyl phenyl, that is,
where the al kyl 15 group is a branched-chain al kyl of

12 carbon atons deri ﬁed_rf,r g_m pr osyl ene tetraner. The
Thi adi azol e Conpoun iag o) dconpound
enpl oyed in the present invention will typically have

trihe thille2Md'doRBBERE et fEyBY & the present invention will typically have

the following general formula:

N

| II
R3_"‘“—(S)x/ \s/ \

), —R,

(1)

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

are independently H or C4 to ng hydrocarbyl. Preferably, x and y are
independently integers from about 1 to 2 and Rs and Ry are independently H or
C1 to C3p hydrocarbyl. Most preferably, xis 2, yis 1, Rz is a Cq to Cy _
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NNIIIL TII RB- (S)x S(Sy -R4 (I) 25 wherein x

and y are independently integers fromabout 1 to 8 and
R3 and R4 are independently Hor C, to C50

hydrocarbyl. Preferably, x and y are independently
integers fromabout 1 to 2 and R3 and R4 are

inydegsaniod groyp Hirat R, G1Ht Breiaaby dhe ege h)dart&%@@gup is an alkyl

(gli!perably, Xxis 2, yisl1l R3isacC to
% ocar byl group, and R4 is H Preferably, the

hydrocarbyl group is an alkyl group. Preferred
t hi adi azol e conpositions contenplated for use in the
[53 rekesied thedigrade compositiona denibpldteteior agtda heplesent

AR TR Fge 2B IARhBIe% 34 hipciazote, 2-mercapto-5-
ﬁyﬁmaﬁtﬁﬁ&ﬂb—dﬁhﬂbhtbﬂl@iz@)e ) @b&(ﬁiﬁr@gé@%%% 123, 4-thiadiazole, 2-
ner capt o- E%{cﬂcar byidit hi o- hi adi a
E”%TCBS@(%;M pyeigiioHi d=thindazple, 19, ﬁdnlss(bgd@caﬂmy!dathto)

h t t L
G e R S ot ST
iormtdﬁmm@apwms 4-thiadiazole 15 N -N || I

N

II I
FB/H\S/\\%

(N

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

ll |
HS/ \s/ \S_R

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

N

I
B WaN

(V)

Ry— 8 s —R,

2,5-bis(hydrocarbyithio)-1,3,4-thiadiazole
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HS\S \S--R4 (IIl) 20

2- mer capt o- 5- hydrocar byl thi o-1, 3, 4-thi adi azole N -N
I 11 R3- S/ \ SS-R4 (IV) 25

2, 5-bi s(hydrocarbylthio)-1, 3,4-thiadiazole -10 N N |
Il HS/ \S/ \S-S-R4 (V) 2-nercapto-5-hyd
rocar byl di thio-1, 3, 4- thLad_LamoIe 5 N-N HII
R3-S-S\S/ \S-S- R4 (Vlg i s(hydrocar byl d
ithio)-1, 3, 4- thladlaz S\ 10 erein R3 and R4 are as
defi ned above Pr efet red\thi adiazol es i ngl ude al kyl

t hi ot hi adi azol es and al kyl di t hi ot hi adi aZol es, such
as those conmercial l'y avail algig from Et hyl Cbrporation
as "ETHYL 15 H TEC' and Baker-Petrolite "TOLAD 9719".
Fuel Conpositions The fuel additive conposition

utilized in 2hRrbsfseihydOeamyidthidi! 4 29808624y Pe

!l |
Ra%s_s_/ AN s/ N S—

(V1)

$—R,

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

wherein R3 and R, 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 wili generally be
employed in hydrocarbon fuels to rectify fuel gauge sending unit problems,
particularly silver-based fuel gauge sending units, in véhicle fuel storage tanks.
The proper concentration of additive necessary to either preciude fuel gauge
sending units from susfaining sulfur-related corrosion damage or restore fuel
gauge sending units to like-new opera'tional condition depends upon the type of
fuel employed and severity of the problem. The benefit of the treatment can

persist in protecting fuel gauge sending units for up to 12000 miles of vehicle
driving after one initial one-tankful treatment.
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20 enpl oyed in hydrocarbon fuels to rectify fuel gauge
sendi ng unit problens, particularly silver-based fue
gauge sending units, in vehicle fuel storage tanks.
The proper concentration of additive necessary to

ei t her preclude fuel gauge sending units from
stenarallynthespresant fuel addiive @anmsdmndfamgeempioyest[@ee

fHﬁid-ocgr%% gé@ﬂ%ﬁ &%?)Un't%ai;é)n rgﬁgljﬁgffpo%v aggg{ 2 i{pﬁ??&,@gﬁo parts per
amdllicre yeoh ) Iyy eleighepfeibBMrorhe qeBeiido mA&ind more

persi st in protecting fuel 'gauge
s%rﬁg‘?rgg@Jﬁ?msaWFmﬁott@ 3PP0eprmin.es of vehicle

driving after one initial one-tankful treatnent. -11
Generally, the present fuel additive conposition wll

b& terps of irdlividual conymbrerds teirbesboh fud c@ﬁfﬁ?ﬁnﬂ?ﬁﬁ%ﬁ@@ additive

Iy from,about 2100 to 10250 parts per
%%ﬁ? %9 INVEPReR Wil Bonesalicenam fremsaisautFfigoo 10000
0
g, P Ry fioh? B BB0 0 PRI g TR, Brearably
cf&?ff‘eﬁqfﬁuﬁéﬂﬂ@léo f10ed p@mrw, iof the p@y@xxyalkyl@ne@é%ﬂg%&omponent
o cont out to

EROMLAt 10 AR Sptn ] bre Gk Aot abow2é & 200
&ﬁmﬁ/mp pndma, pr@fefrgblprfﬁfrﬁ ra@i@ﬂuy 20fH qmﬁbﬁ Py, SPAR ﬂn?acﬁg%e

e conp and

p w, of the poly(oxyal kyl ene) onen
fT%G’?H Osdlit 10 to 250 ppm by wei ght, preferably from

about 20 to 200 ppmw, nore preferably from about 20
to 100 ppmw, of the thiadiazole conponent. The fuel

aldi me"e(jd’t’“@oembemloermh ddiimt BEAS
fﬁr le'aﬁg ab@%&"ls f or mul afplg}g as a concent fﬁg‘tggﬂidluzﬁ%ﬂe@é}ably

EBMFREi Using a ineryptabls olesphitic (yas dissobles in
2ol laMi%rHol\RéHt Io oF
28819 CRbHE I AR Sl 008 ATIBERRIp e
dfrophakou 6@?04@ 2956@iatl-'frefdmUhypaa@hptﬁtatﬁﬂbr\@mbrdrﬁaﬁéed
toI ene | ene or higher- boiling

T ‘%?%‘2’%5'%5%' BHEMH ﬁé.b@nzwﬁe galdene, wleoaor digher-
boliingl arbntitits @maﬁthﬁéiﬁc thinners. Aliphatic alcohols containing from about
3 to 8 carbon atoms, such as isopropanol, isobutylcarbinol, 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 to 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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20 3 to 8 carbon atons, such as isopropanol

i sobutyl carbinol, n-butanol and the like, in

conmbi nation wi th hydrocarbon solvents are al so
suitable for use with the present additives. In the
concentrate, the anount of the additive conposition
wi Il generally range from about 10 to about 70 wei ght

pﬁ}gentIf ef rabl from about 10 to 50 wei ght
'&he! T g}ﬁf Fieswn padidvasean beoemployedweiaihas psur point

p@éﬁ@@&antbnﬂ&ﬁﬁi‘ﬁbl’&%ré gtgétéme %Br%rver'éJ earltclqg% llg%ﬁgyggy| i

be enployed with the additive ~conpos
the present invention, including, for exanple,

A A o e s Sho b e
tadd:twé)wwposmﬁﬁl Php8Yed H ﬂ%@@@ﬁﬁﬁggﬁt‘?&@ carﬁgﬁcﬁvd is a

as hy roc am nes, or succinim
aft EF‘BB@?%HF%E srﬁé@e&lrb@eaaﬂfwathqusi vatdctalveith eubstanﬂany

gtrﬁgiégﬁt%%?ﬁelgf)pv&gﬁle / Efdﬁ: e(&V g%ﬁé&entﬁs freemgwﬁl fraction of the

afdel additee campbeitlenmmmfibt cﬁ)éﬁhhél?mﬁ@l?rco?tﬂ*lﬂﬂtmg to octane
depr essant s | ow_i nprovers, cetane Tnprovers, ndhe

| FERHIregIen Wéﬁ’a%@oﬂjlh'ﬂ(@m%ﬂwmrmy be wmturaéprfsymhetuommd such

A B S B roncs

dﬁﬁ'ﬂﬂkﬂg hydm)giernaed andhetydeddenatee pblyalphaolefins, and synthetic
ui d vehicle which substanti aly

ER SRR ﬁwﬂrsesm@w@sewnb@a for example, in U.S.
dor f

o a4 S A
Ceeqagﬁge,llg U .Sgiiat MNent3,756,783de Ro'ﬂnesccaamd! 81004 417 Sitd”'HMge! et

2y BB Suftonsin SN Ebbligriatilos Uit yaf anbushedasar. 7. 1000,

aﬂdde.’m$159lplﬂihuﬁe@@ deogeg@t ed and unhydr ogenat ed
pol yal phaol efins, and synthetic

pol y(oxyal kyl ene) - derlved fluids, such as those
Cﬁ%él .S, _ Pat.. . 4,191,537 to

Lew s C%?ﬁeg ﬂ,l%s g Do yes etP?,—Ct 8pSagdet %&’—3@ B‘é‘%@l‘jﬂﬂe@
fcompbBitemcerpployed in theSprddaht inMetions, 756, 793 to
Robi nson and 5, 004,478 to Vogel et
The carrier fluids are typically employed in amounts ranging from about 25 to
about 5000 ppm by weight of the hydrocarbon 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.

When employed in a fuel concentrate, carﬁer 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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al ., and in European Patent Application Nos. 356, 726,
publ i shed Mar. 7, 1990, and 382, 159, published Aug.
16, 1990. These carrier fluids are believed to act as
a carrier for the fuel additive 20 conposition

enpl oyed in the present invention. The carrier fluids
are typically enployed i n EXAMRLES angi ng from about
25 to about 5000 ppm by wei ght of the hydrocarbon

‘fuel, preferably from 100 to 3000 ppm of the fuel.

Prhef mwabtlgn withbe fiather iQisteAsd b?fthé lfé&lo@vnﬁé’e&é‘x%bles w{uch set
3B%ht|ve orrpo ition 25 will ran from about

tpaft('P arl g aipge@iameinad embadinents, Wl"[[iettbe Examples are
carrier fluids . .
\Mglﬁdgggg‘rﬂg%@rft%ﬂ% @géﬂfﬂ%ﬁﬁérﬁ %h%}/ ard oo p{@d@ﬁ&ﬁimlt it.
about 20 to 60 wei ght per cent preferably from about

3&@%9 toq%g wei%ht peﬁce 113 EXAMPLES The

i PEINg Fergptions Wi @prly thieeghawdhe Fxemplesouniess ngted to
ak@@phesry:Whi ch set forth particularly advantageous

nmet hod errbodl ments. Wiile the Exanples are 5 provided

to illustrate the present invention, they are not

i nten t The follow n i gnations w ||
appl yq%ﬁjr oughout u%%?@?@%“%ﬁ? g Srﬁ‘g‘f%éga@ gerples Crz
contrary: 10 Ad dalltylMﬁen‘bxy%‘}ﬂoﬁ(ﬁ@uty%@) BhiE BreRNES By the

sul fur package plus Cl2 "al
pol y( oxybut yl end$ %@H\fﬁearpmban@cﬂ aif)?mtaﬂeylpln@dmyt i ve

Al conol “havi ng T Ak ROREr dtanBrha s AR vEratecuar

1600. 15 Additlwmmﬁhhﬁ&&ﬁuﬁUGDOContalnlng severe
sul fur package plus al kyl dithiothiadiazole

(Baker-Petrolite Tolad 9719)

Additive B:  Base fuel containing severe sulfur package plus alkyl

dithiothiadiazole (Baker-Petrolite Tolad 971 9)
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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Exanple 1 20 Four test vehicles were driven for two

full tankfuls of a very sulfur-severe gasoline while
si-mul t aneously being additized with the respective

test package as described below 25 Testing was
acconplished in four MY (Model Year) 1998 Chevrol et
Liplaal: M¥ERT Ebenmlstriginine EmghaSpepiichfibreat i ons

shown in Table 1: -14 Table 1: MY1998 Chevrol et Lum na
Engi ne Specifications Bore (my: 89.0 Stroke (m):

8dof (rfbmbi spl acenent ggpB): 3100 Conpression Ratio:

9.5:, 1 The base test gasoline used in the four

vepke é@'”ﬁbs a comerZ4-8l California prem um unl eaded

' xygenat ith the properties listed in

'%g% Edé?%éd%.%@tyé t est Oudg: used in all four vehicles
dlempeestian Ratioa seved.8 :sul fur dirty-up package added

to the gasoline to enhance test severity. The severe

sul fur package contained 16 ppm of el enental sulfur

ans: I b vehi X . .
e Can roy desOMC PR SO very RS Rkt sOirios BT ERbproia
tiyemiue yhoaded gasdline (packagenateh evithrthe pomtartks Weletich T able

f hree ditized 15 fuel s are here naned

é‘ugﬁhﬁf}@&ﬁ%‘?u o n‘fh%'?%é}f v ﬁ!ﬁ%@'ﬁofﬁon%i@ed adieyeg gulfur dirty-up

qefdkagd added Telthe gdsolileaof Hances stVs’ér‘\ﬂeﬁ{éﬁ% h@eﬁre%e e sulfur
test cycle For

driyen on a prescribed city-suburban
tRASFEeR08tained hR parmsobelentantalexifec shd @0tpgsh of wedrcaptan sulfur.

LN 20 Tabl e 2: e California, ...
! el Dxerh 2 8ol GonAliot andliVe-paRkqdesmdaton to
fihe seyery suthiripaskads th®dne@onMol 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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A efins: 12.000 vol % 25 Saturates: 65.500 vol %
Unwashed gum 34. 000 ng/100mM WAshed gum 1. 000

ng/ 100m Oxidative Stability: 24.000 hours T90 (ASTM
D86): 308.3 OF 30 Reid Vapor Pressure (RVP): 7.010 psi
Sulfur: < 6 ppmiw -15 Table 3: Test Fuel Description
Fliehle B: Teshbuek Desatipiase fuel with severe sul fur
package. Fuel 2: Base fuel containing severe sulfur
package plus Cl12 al kyl phenoxy 5 pol y(oxybutyl ene)

afetel: Mrmaita@dbuasé]mmeﬂwgév\éee afrildgagel a Cl2

%bég enoxy p (oxybutylene al cohol haV|ng an
aqg a%6l lé%LFF ainipg gere suliiyqeackago elysadas alkylphanoxy

gngqu%gg F%neﬁ nﬁﬁ% ;f)r%éﬁfr%d %Sﬁfx%b&?(g v%eavrﬁlnatton of a Cqs
( BakeraIPﬂphehmxyedepaoacgbetXrikﬁl)e) ROt hAEnB8.an38vdrBge Wolecular

10 Fuel 4 se f nt.ai ni ng severe sul fur package
plus CY99g; 6‘? E'%)Q&Q FtSV@O%( REAY)- ammi ne (3000

PRI 3B abe FleiddrtAinfigh U ?«W
(Baker-Petrolit eToma 971 n?% Pl a'%‘H‘ dithiothiadiazole

conpl dBréar-Betrolie Talad Qﬁaﬁk(Addatn:ﬁ BI :esppﬁuwi) t he

f uel [
AT Bl T A e Pkaes Ps e Alkyiphapexy
r ecor diongexyRiteleAT amthé B3R Mmb ON)SII ah gﬂr\%t Hhhi‘&%l&@%zole
tanks with cl ean test fuel una

sever dBster-uptrplitekatasl SEEOI$E pohew).r ecor di ng the drain
sequence to the enpty tank point. The cl ean gasoline
used had the properties described in Table 2. The

tAirike wampliztiimefdwoyfull tankialsef testad, te ﬁé@.@e&ﬁ% GeRicleOfuel
ective fuel gauge sending unit's anal og

The res
\Hﬂulgggsgpr@i'%'émt wggay@g%.r eyded and analyzed. Twenty minute trace

recordings were accomplished by first re-filling the tanks with clean test fuel
(unadditized with no severe sulfur package added), then recording the drain
sequence to the empty tank point. The clean gasoline used had the properties
described in Table 2. The tank was drained by a pump external fo 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 voitage 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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during the drain sequence using a TEAC RDI 30TE digit al
audi o tape technol ogy recorder; the anal og signa
digital sanple rate was 48000 sanples per second. The
recorder's TEAC QUI K- VU data anal ysis software package
was used to quantify the electrical anal og waveform
The software provided 25 both the waveform s

DC conponent is subtracted

d (th

oS SR Sy S AT 55 Bareet t%m@tuomwr@taﬁrmwn is with
fiof |

eSpest1ofhe coHMRlade Fuct 3 BiibrShaly Ine BERft RS Woage

rf&fdﬂﬁtmﬂ serN is greataat o fflaﬁgje‘l whbwingad tsyne@dsm\wtweemme two

f volta ni.tude difference,
bet vveenvéﬁ%Fn ﬁlg ?ﬁ]%e%%ﬁ(%e g%?l‘ﬁ’%%lﬂﬂfe SpmegYNRLgisM is observed
rinfties m:monamumhmmltﬁwna@@mmﬁéldﬁhh @1%%1*3@9??%!(34 shows a

L&f gnatrace recordi ng, egreater the va

ti@ aceediondmnrReement @@@p@rectﬂ@ectgeié’aam Fueh@ whidhueontained
th

b 18 Ot BB HIECREuP RLTHEY 37 off pippinec.

contam nation. -16 The data is sumari zed in Table 4;
t he percent reduction nunber shown is with respect to
the control case (Fuel 1). Surprisingly, the percent
%@/qltag@:uéj@gg@é EnGBE Vi f: or Fuel 4,
showi ng a synergi sm%et vveg rl"ﬁcg%ﬁ%@ﬁ:act)%rponents in

the Fuel 4 package. Likew se, the same synergi sm 'S
; mdelta volt Euel

Z;Ubllﬁé,ff;l I%M%?Vj:unlﬁ '@C'rﬁ’ B t@ SMQXB%"P&%[&Q (\6)1 Reduction (%)

i mprevenent g@peared to Fuel” 2 and huel yM|Ln
contained the two additive conpdnents o Fuel 4

|i ndi %i dua) | yO&92 not cont®@d. 1d Tabl @.@17 Fuel [Gaugezi3

Sendisng-—Yntt "\5}' eaf-p—Dbatag—fuel—BMS (V). Reduction (%
Max/ W n Del t % Reduct |2§n3(% él 0. 529062 327 2| 0. 3520.0

125.942. 617 23.371 3 D- 39053 2.

62 AU.2U461 26.0

‘With respect to the control 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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4 0.371 29.9 2.461 26.0 Wth respect to the control

value. 15 The results of the test above indicate that

sul fur-related corrosi on danmage nay be precluded in
silver-based fuel gauge sending units when the fuel
additive conposition of the present invention having
&PRFRatIcORthaM\G008F Fard Expdiitied hensigfwidin Table 5. The base

A A, _ 3000 m nd
@%t%%é R{ale@é%(g Ep%ta% 4¢ (Q%E&féj%é \ég gé:sdmpgfqn\,\?umaunleaded

@ﬂpbhneedomrrﬂné uelox@?éhéﬂeﬁts 'p'ﬂo%%rﬂ%éé r%(l;é %x m Ta}ble 6. Prior

%@g hlﬁ E{‘P mkfm\ﬁé’éi'tfzéﬁft%@@mkupdefktt tt@—\nimclezﬁuel gauge
%@ﬁgm éEEﬁtEapér’l%{;&%Igjn%g»{ﬂ\gﬁgffzgyﬁd c};analyzeé A one hour

(E‘,Jloncent ration o
y@pg (esyrdirigyives excamplishdddlifitdt\e- ftﬁsngfiﬂ@@%rﬁ]@wm’)clé’é}gté%t fuel

azol e co ound (Additive B, 36 ppnl in a
g:‘l'%%%t{?ﬁ DbenT qrgmqmw@m sequaneerip the kenftyénk poiet. The

SRy LIS prERSRh Al NG TFR-AR wes
drined by aTRISTIR %femathHhee/emcéstTl@amlpeﬁmlelfifé@ gfag{;etsléﬂdmg
rem um unl ea

Lif
ldgig%:?‘rel‘ vél@en%ﬂﬁ lﬁ%g%gé@gq&%% auP Ing thendiAbe peqeancs using a

TESC RDAGOTE di
kf ul a]@dl ti gig%l%c@é%%ﬂﬁf etcggglo@?ﬁé&é/rg FS ah\g?)@e?'gnal

6'98@'@%“@ Hafeyas #8008 I seenples ﬁller aecdraty T&eg@abrdcl;ﬁ& TEAC
n
gggggrnp\ﬂlgga@gnﬁqgg,ﬁ A& PRCRg e Hise dniaLanily tbceincirical

aralog Mwadefor(mﬁl‘drﬂjsdﬁvzﬁ@)probhl@ﬂ HAtlk ﬂ{éjbvﬁgefb'i‘ﬁn sdA@ﬂ{bu led (the
tank point. The clean gaso rP

‘ﬁgg‘%‘% 33¢ r‘r‘é’% %ébtbﬁé‘é%ii PHERNE VDdathe V@lueT(reot—mdan-

: Simfaredﬂhéls’tﬁﬁér@)‘oél d?lt'ﬁ@sﬁ d@frtﬂgl 8L§F1 a\ﬂe i CB% %Pga&é\”ded

respectlve fuel gauge sen

Ry theanuriber @f@amnled taikﬂn)ngnd:l Ithae d'ra&irﬁu@lwmnﬂﬁh WBitage
TEEUA& 55)%% TE di audi o gape t echnol ogy recorder;
{ an eéH e I'bq Yavelogn Il e vattagevmagréode difference
teAwRbR She Biax@RGANShd Fifintih Vol ishelEferred 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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QUI K- VU data anal ysis software package was used to
guantify the electrical analog waveform The software
provi ded both the waveform's AC-coupled (the 15

wavef orm DC conmponent is subtracted out) RVS voltage
val ue (root-mean- square: the square root of the sum
thet rEUEY ke semotaraer is dmaple 7 pthierfus| galige mdjm@mnttlvms

nd th nd_m ni
PorPEiLE o APRCR ARG b0 Rop M BvE i RERME &t Bieradified
mbbm Tﬂmgmsu lisl eredié /&0y @l}ﬁ@ﬁsar@e&w@ﬁb%ﬂ&té@@n@%ﬁcﬁ@ Hramatic
e_is here referred to as the maxi num 2
ﬁ?ﬁp% o‘g‘ﬁbj% fleﬁshgtaéﬂg@ SeRdinRg umﬁtcaowrab@nalb@mrmaig:omdﬁ@n
greater the value of the AGC coupled RVS voltage or
the greater the value of the maxi mum m nimum delta
JebteageM YRREO rore FopedifipheEngine Sprciieatiémg unit si gnal
by surface contam nation. 25 Once the vehicle's fuel
gauge sending unit signal was initially recorded, the
Behé ¢inen)nas then drigg on the additized test fuel for

two full tankfuls. At the conpletion of two full
OHkedMNBf the addi 804kd test fuel, the vehicle's

b‘:’% di ng si gnal was again recorded and
an y%gﬂglﬁtn(cﬁﬁg sarregﬁggner as described above prior
Congirassiongrdtioe testg gihis fuel gauge sending unit
signal 30 recording was conpared to the recordi ng done
initially before starting the additized clean-up. On
?ablfea@%és%c ue of the AC
coupl ed RNB@%/@:P?E%E# %'?] gﬂg%%‘%‘gfeﬁ?@a%%ﬂ”&e of the
maxi mum m ni nrum delta voltage, the nore corrupted is

S| by surface contam nation. -18
?ﬁguﬁgﬁﬁ@@(@é‘ﬁ%ﬁ@i zed in Tabl e 7 the fuel gauge
sendi AghiHAtids-wWas restor eg% operating

ul's o

condition in two full tan he additi zed
gasol HfinsThe resul ts wer $2:080wos e pri si ng and

unexp and show dra toration of the fuel
gaugegéfeuﬁgteﬁg unit to opggé'ﬁﬁgﬂé’ﬁ%/ normal condition.
anWablf-.ed gunviv2000 Ford Expedbbindgy1508H ne

ecifications

ashed gum: 1.000 mg/100ml
Oxidative Stability: 24.000 hours
190 (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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Bore (mm: 90.2 Stroke (nm: 90.0 10 D spl acenent

(cma): 4600 Conpression Ratio: 9.0 : 1 Table 6: Base
California Prem um Unl eaded Test Gasoline 15 Regular

FI AM (ASTM D1319) Aromatics: 22.500 vol % Q efins:

12.000 vol % Saturates: 65.500 vol % Unwashed gum
Jheopsuligindicated g prins te theytreatrier@Othenfy£tl@0al gauge was erratic

B B ARy AR iRy o By Galide it feptored o
fobmppaperatiag chabltends &aaenddsdiid drafrwiGRAULSle 7. These
Sending Unit Cean-Up Data One-Hour Fuel Gauge .

sepidisaralbrth suRriisig %ﬁtt@@épwtsde Data RMVB (V)
Reduction (%9 Max/Mn Delta (V) Reduction (% Start of
Test 0.356 3.146 End of Test 0.317 11.0 1.323 57.9 30
Wth respect to the start Bkampki3val ue. -19 The
results indicated that prior to the treatnment, the
fuel level gauge was erratic and read artificially

h r.tre nt the fuel |evel gauge was_ .
T APSBChGRET Bina RTIFES asiafits: gRoad v asitived
R¥ntERratatfrss Eﬁ%nlyﬂj E%Z' Snd'thehERBn 6GRHEL BrabBo8 Mifks on a
surpr|5|ng and unexpect
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 gasoline in order to 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 full tankful with a high
concentration of a combination of a poly(oxyalkylene) amine (Additive, 3000
ppma/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: MY1998 Chevrolet Lumina Engine Specifications

Bore (mm): 89.0
Stroke {mm): . 84.0
Displacement (cm?3): 3100

Compression Ratio: 9.5:1
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5 Exanple 3 Two Myl 998 Chevrol et Lum na vehicles were
first dosed with additive concentrate (first and only
dose), and then driven together for 12000 mles on a
10 mar ket pl ace noderately severe commerci al prem um
unl eaded gasol i ne. Engi ne specifications for the two
test vehicles are listed in Table 8. The base test

%%H)I bng used was. t he sanme gasoline as is described in
@I9bage &AliTYRR Femivg) Wieadss Test B@asclite 1 ppm was
added to this gasoline in order to enhance test

corrosion scale and replicate a market pl ace noderately

Regqular- KA (ASTVEP1318) At the start of the test, one
vehi cl .Lhitially dos ne full tankful wth
pol y(@j—g\ﬁﬁ?ﬁene) am ne (%&@V@ % 3000 ppna/ w)

al one.Qiétihs: i s referred to2.dmyecl@s Fuel 5. The ot her

vehi cl e was dosed for one full tankful with a high
concemHBIAOH of a combi n®5.%0 wel % pol y(oxyal kyl ene)

' i.tive, 3000 20 t hi adi azol e
Sgﬂn\,%%sm@ditive B, 36 %%‘W@"@mb is referred to
A¥ashed gém: This i s the only0ad mgy/thomng the test that
%'béher v§€4 cl.e was additized with the concentrate.

fatyeRtabill¥l 6 are des@HUUHNOWSTable 10. The

i (@l .then driven écher for 12000 niles
\g?gr(ﬁgﬂg\g\g%@i bed road ng?gﬁ:,ﬁ‘at whi ch point the
eid Viapor Peessurat(BYP)25 TaWdH Bsi MY1998 Chevrol et

1 na Engine Specificationg Bogre (mm): 89.0 Stroke
%T- 84.0 30 Displ acenent® PEABY: 3100 Conpression
Ratio: 9.5 : 1 -20 Table 9: Base California Prem um
Unl eaded Test Gasol i ne
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Regul ar FI AM (ASTM D1319) 5 Aromatics: 22.500 vol %
O efins: 12.000 vol % Saturates: 65.500 vol %
Unwashed gum 34.000 ng/100m Washed gum 1.000
ng/ 100m 10 Oxidative Stability: 24.000 hours T90
(ASTM D86): 308.3 OF Reid Vapor Pressure (RVP): 7.010
pEable 30t Start okT Estppme-tankdll AdditisedlPuciMesdripibnTest
One-tankful Additized Fuel Description Fuel 5:
Addi tive A (3000 ppniw). Fuel 6: Additive A (3000
pmr@ng) Aﬁdﬁggrg moq)[grﬁ%)er- Petrolite Tolad 9719) (36
mw). Four silver and four copper coupons were
arflﬁlﬁe&dﬂtwa A5 {300 prys/we) £ éldditivayB ({Beklceiv-Patesite Tatatio7 19) (36
subner t the bottom of each vehicle's fuel tank.
Each was electrically isolated fromthe tray
and from each ot her. The silver coupons 10 were rated

g_?d pr epared as per specification |P227/82 (Silver
Qursileey gk foss coppek t}oumﬂs weleaifixewd ifpastainkese steel tray which

B SOAGEE B g T DS L VBB R s 25 oo

ﬁms eleetrs;rally @olatad iftogn trmm‘bye BAad fidh ehsh dthdraTheSilver coupons
ows Dbl ckenln The copper coupons were

r ?"@cfa?fé’ %‘F PE?&@{E? PEREr § es@@m'cml 27{&2 jiveR Strip Corrosion
TP SH6i ébt%n%‘iﬁér%rbréé na Waé%ﬁuaﬁg the

13, this standard is a gue coppe rips
s ﬁdwfﬁtslaeﬂllayslf!ﬁﬁlm‘émng scatbshewarin Tralbte t 2sipecthievsiver rating

T
(Werbtrla&adodis Eér sperfifiiabioh ASTHMIE30REnd ﬁa‘ém(ﬁb‘i)‘é 'Sip Thrrosion

is 4C (bl ackening %)[ The characteristics
e

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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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 inches 25 Thickness:
0.032 inches Copper purity: 99.9 %pure (made in
accordance with ASTM B370) Silver purity: 99.9 %pure
3Datlene: BefiBRisa} of BAvdabbeapdd RdbehiMirbens of Silver
Coupon Rating Nunbers Cassification Designation
Description 5 0 No Tarni sh The sane as freshly

kSi St ri inossi bl : very slight
ﬁ%‘%ﬁ&ﬁttef. Ded Ii%l ICEWTar ni)s/ L ig)Iﬁerownyor \M%ite
di scoloration of 10 strip (see note below) 2 Moderate

Tar ni 3? Peacock oLrors. uch as frI]ue or n&uve or . .
nedi uni dark str BIYRR col or at MoRATES ety pefishgd strip
15 3 Slight Bl ackening Spots angkdeat 688sbRffoPkasie Wy sli
grey on surface or uniformthin(%?lrﬁﬁgf g/lfack ry slight
deposit 20 4 Bl ackeni ng Uni f or nfobgabiustdrackeni ng with
or ,

1 - Slight Tarnish Faint brown or white discoloration of

strip (see note below)

2 Moderate Tarnish Peacock colors such as biue
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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wi 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.
4T aie uiBd Dedinitaine obf I appei GotmondRating NasbEapl e 13:
Definitions of Copper Coupon Rating Numbers ASTM
D130-04 : Copper Strip Cassifications 5

GASTH Dit 3904TCHS SRl BsReggdat 1 o' Freshl y
polished stripe | slight tarnish a. Light orange,

al nrost the same as 10 freshly polished strip b. Dark

der tarni sh a. iaret red --- b
CL&%Q& &f ___"’Q__S_s_@mm ore oloRy ender bl ue or
silver or both, overlaid on claret red d. Silvery e.

E{ass'g or, gol d 20 3 dark tarnish a. Magenta overcast
iHepPlisedishiP’n. Multicolored with red and green

show ng (peacock), but no gray 4 corrosion a.
Transparent black, dark gray or 25 brown wi th peacock

green barely shalighhtarbishG aphi4.dight draaferdiafst asime as
c. Aossy or jet black ] .
freshly polished strip

b. Dark orange

2 moderate tarnish  a. Claret red
— b. Lavender
— ¢. Multicolored with lavender blue or
silver or both, overlaid on claret red
- d. Silvery

- e. Brassy or gold

3 dark tarnish a. Magenta overcast on brassy strip
- b. Multicolored with red and green
showing (peacock), but no gray
4 corrosion a. Transparent black, dark gray or

brown with peacock green barely
showing

b. Graphite or lusterless black

o

. Glossy or jet black

" The ASTM Copper Stﬁ'p 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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30 The ASTM Copper Strip Corrosion Standard is a
col ored 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
rduplicate iés Bppeangh biffer bGest Afbith LCBp/liip noncorrosive
appearance after a test even with a conpl'etely

Frosive sanple. As the vehicles were driven on
test, the coupons were extracted and rated 5 every
2000 mles. The coupon ratings at the 6000 mle
i As fecvehinlepaiere driven anufest, tthe doapons werdek#setelind rated

s fromthe vehicle initially dosed

Tabl e u

Vi (Y gg?ﬁptﬁ%‘g qnﬁ?eqo@oarr@“@,%ﬁt the Gl00hadipynspactips peint are
. ¢ . Cnitiallye

R0 SRBERDS 1§ YD XL 48 vy

| dasiedowigh atiditiged Sueb byars sepnits behaitamerkpdaiegdeagtith

SRSl g e oS8l Yt onc B Bt ana
flostrod EHigis | i | .

Tan e IS VY SR hY n@XPOSEHPah® shifs £e| Bibgoviding

i OQSIAnpptediarhiol the sileer 3d soppriacatpeny after neatly 62DO miles

'lf/l’a\dﬁﬁ ?ﬁlé?‘{iiiizgeIQ%nret-%gkﬁ.g}Bﬁﬁéﬁﬁgl{mseéBgﬁ‘gfa@e: 124, :tlgqt\: g’ e‘??a’:ing

Biungiokar fior 5uah@ ef 0716 nbahtrisH dhilSIFUeE i RtbdePRRS/ tarnish (2);

%gu on Ratings at 6000 MI|es Fuel Silver Coupon Copper
8@&?12\0@“@ G9PPercayippns; FueR6as gated abE 1A (lithe 06 no torrdsh)

QuHi : it e fuel gauge sending

unlriﬂ% %ﬁ%ljﬂgﬁgsjfég#glg% (guggénééﬁ)é“\%ég recorded at 20 each

2000 mle inspection point. Twenty mnute trace

recordi ngs were acconplished by first re-filling the

tRdHiS 19 Bivérd SRChBSEr E&don RIENLY SCEEH figed e

Fuel Silver Coupon Copper Coupon
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

“technalogy 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 quanitify the electrical analog waveform. The software provided both the
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drai n sequence to the enpty tank point. The cl ean
gasol ine used had the properties described in Table
9. The tank was drained by a punp external to the
vehi cl e. The respective fuel gauge sending unit's
anal og vol tage signal was 25 recorded during the drain

seyyetnoes ASi-cmuptedFEAC WRRERRTED empdnentil QudtaReed out) RMS

teﬁhnolqgé %gﬁprde[; t he anal og signal digital sanple

PRE I UG0S TSP R RS SuieEmEo! phiberiB ofiEite squares of all

EBARIELbiktsY divitd POl (ehBesof (Es F@(%h?%%é m&%ifflim and
og wavetfofm €

to quantify the el’ectrical ana
sYpiMmReeoiags valed ateined eier tinksbwtheekavetosn Alhe volpdged

. f o bt t ed t R\VG
S PR SR bR o refores
tdas themmekinilhe-rainiaoesdsis Wilagesame e points, divi ded

by the nunber of sanples taken), and the maxi num and
m ni mum vol t age val ue attained over tinme by the

[ ' i f ; t
ML BB R BR800 el B0
nike inamdaaﬁgm}imsn'rrmt:mniz_c&i ihlaTa/mé t1ag_fheviﬁ>érugnt rEhlﬁcﬁwhgn}ber
uge .sendj ng. u i gnal. recordj ng and anal ysi s data
3000 45 B30 Fudl b kel itn iesmact mbniel Bades. famadrace
idcortling, BRY GreBtertSsValueosy thH rﬂ@—%o&@gg | v\}.a aégrort(tﬁg greater

Fuel 6 values with respect to the

- theagalue cé e diannumbeinimeat gelta beltaga, thee olore kerrupted is the

- . vol tage or . the greater the value of .
?ﬁa&ﬁé%ﬁ%&%@m rﬁwﬁaagSﬁD&t%!“@ﬁa%ﬁ*ﬁ?@ iesHits ap? Vapt gyprising
bad tunexpsead] At d8inbnsirgRAl thBYthaU [ % 4ratofdtt A PBintain i
These results are very surprising and unexgée%{%?,ﬂghn&am n
pempastandition fupbgaugesending eniaifropr stlbe tcoaosiorefontoaien 12000
' : LLion fuel gauge sending units from
gﬁlle%ﬁﬂﬁmg%ﬁ?é ﬁlgwr%ﬂ}f)é'r over 12000 mles with one
application. -26 Table 15: Fuel 6 Persistence at 12000
Mles 20-M nute Fuel Gauge Sending Unit Anal og Trace
Data RVM5 (V) Reduction (%9 Max/Mn Delta (V) Reduction

(%
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Fuel 5 0.505 3.203 Fuel 6 0.397 21.4 2.668 16.7 Wth
respect to the Fuel 5 value. 5 As the results of
Exanpl e 3 show, the high concentration of a

conbi nation of a poly(oxyal kyl ene) am ne (Additive A,
3000 ppnmfw) and a thiadi azol e conpound (Additive B,
Jebbpitbin) peres bRardistamcemter20DRAAMaY | es i n protecting

t he fuel uge sendi unit from sul fur-rel ated
corrosi on. %ﬁa@ﬂﬁ%ﬁg@r&?%?IW’%H”EWQ Tmceddpns
pl aced in the gasoline tank remai ned bright and
lustrous for_over 6000 nmiles in the vehicle with the

conbi nat i on,| RABI(Y)} veRedueticnée) |iMax/Mih Detai (WM | tReduction (%)

Ad cliahtl v
llullLl

Ly coxyat-kyteneg—ant-ne—al-ene-shaw y
Eﬁﬂé%ﬁened anc?'%@ ni shed coupons afi%%oo ml es. [These

Feglibt s are |9uagr i si pgiand unexpgct 15 Exanpl r
igh concentirations {3000 ppm w) Cﬂ@?{%e 167

pBliijiregpestiy teamEyekivaltel Addi ti ve A) enployed in the
present invention can by itself restore
sul fur-corrosion damaged fuel gauge sending units to

v thel resyiley ot ExagnelerBlshdvothe TS chSc&HFRoh A MPeBind8on of a

un >E$ec e? because traditional deposit control

&’&’gi ’I‘KPZ'&)’ e Anine; ((dditye o 008 ppm/ward adviadiabelleorampound
i t 1:vel r ¢l eanup. non-

Yaeo B B SRR 608 ARk SRR o

gengesendingamitdfora suifubrelatedasdrraziorn Aulitdrany asiksr ene) copper

am nelé]A]dditi.v A, 3000 g mw) and a thiadiazole
EBHBIhBIAERA 4 hasasslingd 'g‘bmmﬁ'nea@rﬁhéen@wtm for over 6000
T L e bR oh il PRI M F g RERY W the
WW?@Q@IN@H)@@I\& [alonienshavedd slightlyiBaekdrigdsandipostdd

e | . system sul fur contam nation, causing
ftzgléﬁ gﬁésa gﬁe@:’ﬁﬂ?ﬁgﬂﬁﬁ% feﬁa(tﬁ; gresuipESingAnd URRXRRSRE es
(here named Vehicle 1, Vehicle 2, Vehicle 3, and
Vehicle 4) were 30 then dosed with pol y(oxyal kyl ene)
amine (Additive A, 3000 phxawpledr one full -27

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 surprising and
unexpected because traditional deposit contro! additives or additive concentrates
have never before been shown to 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
- 27 -
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tankful and one vehicle (here nanmed Vehicle 5) was
dosed wth poly(oxyal kyl ene) am ne (Additive A) at
192 ppmiw in order to denonstrate restoration of the
fuel gauge sending unit signal. Vehicle 5 was dosed
with poly(oxyal kyl ene) am ne at a nuch | ower
deniehandonenvatice (Ml aresd Veohidla 5% waisdiysedowith

f
SEMPRYA Biere) BuGe T Rud i A5 3l ShEraunce anés o Srrvagurate
qbsRatdrosl RickibPaRl g8t Mg TRR SRAHHI n@eh:%%e@ st%se@rﬁlth

of the test vehicles used iS given in Tab
ey oxealkylegas aminme atia saughiowes Coehe@ﬂr@@m\ﬁ@néfehlcles 1-4in

SHOPE Bl A ot ) REaSPIERLE h S0B O

(reques; et htghles caficdraste deshggas pblywmm@ié)@mﬂt@ The engine
- account's

sit control additive;
P eglions oL eI cihg UsadiBaIveR ndiie 10 Themase test
i3 L TS I, i

mlle@m pxygerTate}awﬁbwm erepdriies ligtad kaJabkon? ghstedhdithis
ntal ,sul fur and Z%d%dn of .nerca

B pst dainRaanaingd ip Sltuerl derssiioniebadaitive: this
\RJEb AhBFoWEHELIoN UMBBAsIKEY r%?ﬁﬁﬁt%ﬁﬁ b;l€¥ ’IZZ bFHéoé’iﬁg up test

test cycle for two corrp te ta sever
tfaglalp@ epntameda seyerst %Lrlfurriv@cta@e erded dnkheyasoiingn order to

PR BER H BOEL AR S LESRERS S g o

el Se g Qecﬂ)pamdf ﬁl‘é@éa{:itgﬁ sulfeFHoY the HH{VGUFB Béhuence
86 ?@qtgteﬁndl ng unit trace recordi ngs were acco

ides were divernan eapmrsciipadtcibosyberanttes cmfor two

th
BT BROb, 08, 0555 AT AP D
msmgwps!gmwaﬂquer@)ammemE respedtiveexeticle el gakgeesnding unit
np extern to the vehicle. The fuel

d
S G BAT AR ot 206 Poalyod: dwentminUtS uel gauge
EAQTRATIOURLO feddiingS Sidhe REGNBNGReABY Histhe it (he topks with
aﬂl@rb@stf'-@% éﬂhecﬁagm gbsalinepdescriabd indabik81 DOt sdthimesevere

BB B s a0 R fEBtrding Miadlankickgmsrsiianeerts bty
A RYelatRf t@hmwa'g‘@raﬁ@d MRE %uﬂ'i;?lé&t%‘?ﬁal%ttﬁe VBRicle. The 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 48,000 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,
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waveform s AC-coupl ed (the waveform DC conponent is
subtracted out) RVS vol tage val ue (root-nean-square:
the square root of the sum of the squares of 30 al
sanpl e points, divided by the nunber of sanples
taken), and the maxi rum and m ni num vol t age val ue

dbe gremtdr theevalté e tHry ACheovplue IRm8woltage vetiagRater the vaiue of
{ﬁgnl tude di fference between the nmaxi mum and i ni num

(REYIDURsFUNIMIUER defta yoltgagsthenaormsarmintediinthausgnding unit
dRdial byAurege C%kéllﬁ a§8na trace recording, -28 the
greater the val ue o{] the AC-coupled RVS voltage or the
greater the value of the maxi mum m ni num delta
vi@Ql t the r rrupted i s the se unit
éf“geﬁ gﬁg%%'@lﬁ ggaeﬁof:@ﬁ?ampn'ﬁcpwg% 4 éf@h?q%%g\@s. divtgnafor one
stiltankedi oflr atinleaged jaR8fine ﬁ?&i&r.}«ss@ O[?*rgbréaﬁ iy en

eade

for one full tankful regul ar un d gasol’i ne

Pobdexyalkdens) aramee(Aﬂwttw Ah309D ppheky At Yhe coinpdetiareo this

A8 PR B Srad R voce

gecydirgsnaenegagain bctomplishéd be fiedt Re-Fillg the A8k with clean test
first re-filling the tanks with cl ean

? %étd%éa?rﬂé%a?%me dapeihpskial Tatde d&duit mitbano seversl sulfur
Rakkd Baae (E])S‘BYdeﬁ'f L%CBH% Irthe@l h%% ugﬁ%g??%ﬁalpﬂg\%nk level. The

recordi ng t rarn seq ence

el gaugel Seg'@u@uméada!ng renontdlmglaiatags saaehaing hal ablesi8. The

?g[%r%l zeﬁ&{ Ib1J . The data shows that, in all

QL s'é’sa SHT &?ﬁesf%ﬁf@%ﬁ@l gaHae sgndimg unit signal
Ivirgfal |

ShaRgIel gt el pgulSlor APl i8S 0Ll QRN blfored o

HpENaL PpRyating éPhdiban by theeisesf arfe tankful ahibly{oxyalkylene) amine

I trat
CORGTINS! Y| L0 P DSBS e ol bR pouptes
RMES wolthgger e greatdr atviiud Betheahdntimniimum delta voltage
ma?él mum m ni rum del ta voltage, the nore corrupt eo|

MR §PHYPIa is the gRadinpyniLsigaaldycantame cmlttammatm
Tabl e 16: MW1998 Chevrol et Lum na Engi ne
Specifications Bore (mm: 89.0 Stroke (nm: 84.0
Table 16: MY1998 Chevrolet Lumina Engine Specifications

Bore (mm): 89.0
Stroke (mm): 84.0
Displacement (cm?): 3100
Compression Ratio: 9.5:1
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Di spl acenment (cnB): 3100 25 Conpression Ratio: 9.5 1
-29 Table 17: Base Regul ar Unl eaded Test Gasoline
Regul ar FI AM (ASTM D1319) Aromatics: 32.00 vol % 5
Oefins: 8.30 vol % Saturates: 59.70 vol % Unwashed
gum 2.00 ng/100mM Washed gum 1. 000 ng/100nl
Qsbiat7:\Base RByliak Vinl0PehtatssoHe T90 (ASTM D86) !
351.1 OF Reid Vapor Pressure (RVP): 11.64 psi

Sul fur: 20 ppmw -30 Table 18: Fuel Gauge Sending Unit

Egﬁ@?ﬁr%m{%ﬁg)ﬂ}m@rﬂ et Lumina Vehicles Wth

oxya e 20-M nute Fuel Gauge Sendi ng
Uni t Anarnaticd/ol t age Trace3RaimvolSPT = Start of Test
EOT = End of Test RMS (V) Reduction* Max/Mn Delta (V)
Reduc'®HS: Vehicle 1 SOT83U¥Y %. 886 EOT 0.352 22. 1%

1. 248556, 8% Vehicle 2 S .062 EQT 0.368 18. 4%
T 208 28BS i Gl 6 3 sorou Gl 93 821 EOT 0.355 17.6%

WneashBd.gB8o4: 2.00 mg/100m|
Washed gum: 1.000 mg/100ml
Oxidative Stability: 24.000 hours
T90 (ASTM D86): 351.1 °F

Reid Vapor Pressure (RVP): 11.64 psi
Sulfur: | _ 20 ppmiw
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Vehicle 4 SOT 0.461 2. 747 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%
Wth respect to the SOT val ue. Exanple 4 denonstrates
t hat pol y(oxyal kyl ene) am ne concentrate by itself
restores erratically operating fuel gauge sending
units to nornmal operation. This 5 is surprising and

umaiieers: &d.ep eséhdidy UrtGleafano E‘léf:o GPBhERlolet

ddi ti irROdLR bef
addi tives ghi éﬁlbhé%\ﬁ?/ﬂﬁwmg_ﬁﬁgt A& Detore

&
been shown to effectively kee n of cl éan-up
non- car bonaceous deposits on fuel gauge sending units

[ vehi gl fuel ~starage tank, - Wh i s clained

| 20%KER U ol SEAIGrOab Abfiod ighaotniyase Gibunt o
hydrocarbons 5 boiling in the gasoline or diesel range
and _a fuel additive conposition conprising: a) at

| e85t = Zbad opdesby wei ght of a pol y(oxyal kyl ene) ani ne
hawhg - at t one basic nitrogen atom and a
sggﬁrdﬁﬁaoﬁﬁ%%er of 10 oxyal kyl ene units to render

t he pol y(oxyal kyl ene) am ne sol uble in hydrocarbons
boiling int oline or diesel fuel range and b) at
| east 10 pan@%gﬁéi £89%.a t hi adi n ndReduction®
T eHEPéls %i ion according to Caiml, wherein
sardot Q%?y(@%i%lkybg e) anine has a rfoiBecul ar wei ght
in the range rom gﬁbut 500 to 10006#*83. The P%@%
c ot a ding to Claiml, wherein said

R | 2

oxy | ghe anig ,,contai ns at Ie% about 5

oxyal kyl ene units. J A% 298 >7.6%

Vehicle3 SOT  0.431 2.821
EOT 0.355 17.6% 1.361 51.8%

Vehicle4 SOT 0.461 2.747
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 traditional 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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. 4. The fuel conposition according to Claim1, wherein

said poly(oxyal kyl ene) am ne contains at |east from
about 5 to 100 oxyal kylene units. 25 5. The fuel
conmposition according to Caiml1, wherein said

pol y(oxyal kyl ene) am ne contains at |east from about
Ohdtds tRMmeaxyal kyl ene units. 6. The fuel conposition
according to Claim1l1, wherein said 30

pol y(oxyal kyl ene) ami ne contains at |east from about
10 to 25 oxyal kylene units. -32 7. The fuel
conposition according to Claiml wherein said

pol :( oxy%f@loenqjos&mrrmmﬁnﬁng@d M&jx ahdeMt f &) drocarbons
nonoam e fuel, composition according to Caim

7, wher Q?C}H"”é?a'i”ot § 95s0Yipe ©y diasel @nap aﬂsinaéwﬁlreéldﬂtyeapomposmon
hydr ocardyh rﬁg:p,l]g(oxyal kyl ene) nonoam ne. 9. The fuel
composi ti on according to Claim8, wherein the

hydr ocar byl group of said hydrocarbyl

pol y( oxy, Ik noan ne cont 10 from apout 1
to 30 c&r b8 'g%.% PBM By werdit o &?M@FY@'IS)‘JGB@L%W%&VMQ

to C ai m 9at Mhael Ghd bé@ic%ﬂi’dé’érpéf?am‘éhd agélﬁﬁ&eﬁf n&Abdr of

hydr ocar byl pol y(oxyal kyl ene) nonoam ne 1s
al kyl phenyPx¥gligdene usitg 10 rem@rm&pol@'mmmﬂqylermj amine soluble in

accordi ng erejn sa

pol y( oxyal &Ir é‘;ﬂaﬁéﬁjooélm%'g%g gg\ﬁ()&q(graﬁgﬁcgue}/range and
pol y( oxya! &yleast)0 pproeyriveiyht WhartRiabidf compound.

pol y(oxyal kyl ene) noiety contains oxypropylene units

or oxybutylene units or m xtures thereof. 20
2. The fuel composition according to Claim 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 compasition 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.

-32-



10

15

20

25

12. The fuel conposition according to Caiml1l1,
wherein said hydrocarbyl poly(oxyal kyl ene) nonoam ne
is an al kyl phenyl pol y(oxyal kyl ene) nonoam ne,
wherei n the pol y(oxyal kyl ene) noiety contains

oxybutyl ene units. 25 13. The fuel conposition

accar di rthé fudPcaiipobionhibriiAg ‘t@@lﬁfhk!"wﬂ@?éﬁts)éidr‘)f
sai d al kyl phenyl group is tetrapropenyL -33 14. The

f uel cor%gﬁqxwalhyl%e@bamlm@la@p@ﬁfé@maﬂsylw@rm@marhm.

t hi adi azol e conpound has the general formula: N -NII
Il 5R3 - (S) x\ s/ \(SY - RQwherein x and y are

i ndbpendBm fuel icotrpgeitionfaoeordihg s ClaitP7 Svad@iR3aigand
R4 are in[ﬂe(lpend| ntl?é Hor C. to C50 hydrocarbyl. 10
15. The RUECXYRHHEERI MoNoaRYERe i AGyeecarby! mobdoxyalkylene)
wher ei N KoAB8mhedr € i ndependently integers from about
1to 2 and R3 and R4 are independently Hor ClL to C30
hydrocar byl . 16. The fuel conposition according to

0,3 1] Pl e bt o

H  17. grbeplofehidaamesimbi |9®§(gg ' ' :
wher ei n thephydrocar byl g%bup [ g?%&leﬁﬂﬁogo%gm%gﬁgntams
fuel corf¥8iaboghlie SOragirpen aton@.ai m 1, wherein the

t hi adi azole is alkyl thiothiadiazole or alkyl

~di thiothiadiazole. 19. The fuel conposition according

t 010 ai riitiBiuehbempobsitivhactiidaty &70lm 9, swited 8 hydrocarby!
dlthIOthIadla%0|e

e. 25
group of said hydrocarbyl poly(oxyalkylene) monoamine is an

atkylphenyl 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 alkytphenyl

poly(oxyalkylene) monoamine, wherein the poly(oxyalkylene) moiety
contains oxybutylene units.

13.  The fuel composition according fo Claim 12, wherein the alkyl moiety
of said alkylphenyl group is tetrapropenyl.
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20. A nethod 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 fue
storage tanks to |ike-new operational condition, said
nmet hod conprising 30 operating a gasoline or diese
engj pe vehicle with a. fuel conposition -34 conprising
a nja‘For 'ﬁ%ﬁfﬁﬁ °8F“W§P61&m%¢+§96%iqlalﬁgh wherin estiiadiazole
or di esgdmpane®hadthagbislal Ecﬁma_géltl on conprising: 5
a) at least 2000 ppm by wei ght of a pol y(oxyal kyl ene)
am ne having at |east one basic nitrogen atomand a
suf ficient nunber of oxyﬁlkylene units to render the
pol y(oxyal kyl ene) am ne s@luble I'n hydrocarbons
boiling in the gasoline off diese| fuel range and b) at
| east 10 ppm by wei ght of a\t hjadhazol e conpound.

-35- A FUEL CONMRGSTTI®BN FOR RECTI FENG FURL GAUGE
SENDI NG UNI T PROBLEMS ABSTRACT OF THE DI SCLOSURE A
uni que conbi nation of a certain pol y(oxyal kyl ene)

ani ne anghereirhk aRi3Zaleand SSSRRUHY | @rfﬂahpa\(@&ﬂ%aa and R,
fuel additive in a hydrocarbon fuel Such as

gasol i né@¥} Ry idepgaently H qirecioute Hydebcarbyige
sending units from sustaining sulfur-related corrosion
danmage or restore fuel gauge sending units,

parts. cul & fuel sbinpesitibasedofdied tekaS FENVMAGiIN0LRE v are

in vehicle fue tQrage tanks to |ike-new operational
condi ti dﬂ&eW‘J&F\?f'Wr,‘tegeﬁeff%@Wﬁﬂé@l?eaN)Ralm@ Rpare

precl udiiﬁ‘geééfﬁjenﬂ?qygﬁci@@dgh(gg%%'rkéw_r om sust ai ni ng

sul fur-related cofrosio 0 restoring
silver-based fuel gauge sending units in gasoline or

di esel wghicle fuel . .st tanks to |ike-
opelPat i o UebFRITPPSHON SR GiRAER. Miterei s 2, yis 1, Ry

certain i@glw{t@wzelhlymio%,@?ay\ll g?&dwaﬁ&%cﬁné&i AAFAFOLT R, is H.

conmpound as a fuel "additi

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

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

_34,



is also described. -36

comprising a major amount of hydrocarbons boiling in the gasoline or

diesel range and a fuel composition comprising:

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