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

88 §éle%f ida e variable

r egﬁgt ance wi t %ﬂﬁ?j’tg%nm%{é @%ﬁﬁé?”@ﬂc QQQW“&’E,‘ o complete

fRdvreatf tbe\sehduagmnrmmhnahy fusrgaliye géné.hgm,tq&.bfp}} the erratic
t he vehicle's fuel gauge as™seen ﬁ’]

%9&5@& of ]%gpgaagqmglve an artificially high ievel reading on the vehicle's

instrument 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

res:stance IS seen as decreasing voltage. The increased voltage correlates with
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resi stance of the sending unit is seen as increasing

vol tage, and decreasing resistance is seen as

decreasi ng voltage. The increased voltage correl ates

with -1 the increased fuel level in the fuel storage

tank which corresponds to the level of the fuel gauge
serinbyeashd faelileel imnthd fue! slstge @K whighelorebpbhés to the level

vehicle  The problemhas led to a rash of warranty
FE0hF /el ot SHeTdatler Shvqsen sdnsisimapmIavé e Vehicle
Oi gi nal Equi pnrent Manufacturers (OEM appear to have
experienced the problem at sone point. The problem

£ 1 BRI B Fa th ofPAReR aBRRGRuTE RhdRsEratbs. Most
t dnetofITilve Oridieal FRRIFhentAVARifacRER é@iggﬁn)p%%e%rgmég{?? e

t owar ds reFI acing the silver-base
semsrisgeethtespimblam gbsemalnasyt. Theporteamsypivdly eqliPes the

t i S i - h blem. it j
(e AR R0 R ARF ORI QR SRled bk 3t Eidasrtinsatponse o
doeifknirthesehicld owstier. BorRIOERMs ha§Orohed w#;g& Qg%ﬁing the

in] 19§8 over 15 e?rs of manufactured vehic

STVFT @%E‘E%WPBW‘%“%Q theesqsiding enits with gald-glidyrdamgponents. While
adidiit | V, ded t.o bul k

dpeol Fne i n 18 FEPRALER, IR L KPR Pplfrisoatle. Bocause
tibe gilyerriased comprnestpvetafirsbintieeltcad mes Rl arksiSies & 1988,

soline before they reach the marketpl ace.
L 18t AP UBENASS TEiclel Sie sl Suseendal oiihe pecbiom.
ef fecti veness because nuch of the netal fil ner
additive is lost to the walls of the fuel distribution

Mstabfinbiaf eroelitives Mheﬁs@%@ﬁ%&%pgee\hegﬁd:éoefosﬂ IK 8'51(9)0" ne in

tapk. The ideal delivery net r a corrosion
irAlgiasoRnd in distiputige termisalsyn addittdnapt tb@oamct abnormally

r kage ereby the package

ReVBrBAtAGs BERERI ot o REE) dhnch Iesmeniatbank Thies & very
rexpetsiveiprbcddize gad dasrkniteRPEHEsRN 38 bBEadEhuch of the metal
'Z‘lﬁg'e}é%c?ﬁ alreI wel | known in the art for t%e prevention

0¥ 15 1gPt torthe yvallsiof dhe flse! elinjiipetiatepysembe et ever
PO4 ! _ - oxyal kyl e _
D bong ACS Y S Tt ip R BB it ke corrosion
inflilitan fdming agent is by addition to an aftermarket concentrate package,

whereby the package is poured directly' into 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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consi sts of repeating oxyal kyl ene units. U S. Pat. No.
4,191,537, issued Mar. 4, 1980 to Lewis et al., for
exanpl e, discloses a fuel conposition conprising a
maj or portion of hydrocarbons boiling in the gasoline
range and from 30 to 30 2000 ppm of a hydrocar byl

gﬁ( syiag Ifryolneﬁé(): Sardrboe atdragi %b&abk?@kﬁen@ﬂh@%é’s’e fuel

V@fggé%'ﬁg"?%n?@ o S igalyaia gicigaipees plmghesnisfoms wihou
f
FEom o Do o RS, B it PBiting in the
Teaclespislo suagepbitiat sulfisr-retated miﬁelcﬂ'mrmblelntagm stg-based fuel
t t t
SR G ity BR B8 BT Sk Shiepditatioi Fht meeisglosure.

in the disclosure to suggest that sulfur-related

I ion p | ens. on silver-based fuel 5 gauge
g@%%ﬁd @ﬂi 5% éa%%éssp@etfp¢qeéabm22;dr&9@mmerpad< et al.,
tasE
i ssu!g%jeéDglcet'eBedﬁik’é%bﬂwggmm%@?ﬁ Bg'gka B?iygﬁ(yl%gehoxyammoalkane
dinskpolysxyaikylenadl dmine that eapesiul fRnge ?ﬁéﬁe@}'tlﬁh Fd&ontrol of

hgnoxyam noal kane and pol y(oxyal kyl ene)
%%gﬁehﬁgtﬁ Fs useful for the prevention and control of
10 engi ne deposits. U S. Pat. No. 5,112,364, issued

Maé 12, 1992 to Rath et al., discloses
da o|Pa§eN@n@1 e, %&eissumn\m tZ:,n‘t%thof Rati ¢l | dis2RR@s

th

SRS R ot AL e by v
mlammlmhemmmelaﬁwcﬂbr@[’ab@dtr@faﬁﬁ@@&éh\yaﬁiw@mfvﬂéféu? of @
ph |-initiated or henol -1 niti ated

Eya(i'a‘?fé\mmﬁ i Rvapared by f%dtm’fl\/m:amlnatmnn ef a uhSnoHaitlatM or

Pl d |
P Bt Nt ale Bl Sl e or S rssuine
2500 parts per mllion by 20 weight of a long chain
| kyl wh th | kyl

%VF’EF T0es. DR Bhe Kmedmay ?ag?é"aé?camavgfaiégaosia?mﬁ
199 gid}ﬁ é:roﬁ?émmg‘froﬁagéﬁto é@go égaﬁlt%o% SSHbSL P8&r Giltion by

welght of a long chain alkylphenyl poly(oxyalkylene) amine, wherein the alkyl
substituent on the 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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fuel conposition containing a nmultifunctiona
anti-wear, corrosion inhibiting 25 effective anount of
a polymeric am ne-heterocyclic additive prepared by
the reaction of a hydrocarbyl am ne and a

sul fur-containing heterocyclic hydrocarbyl conpound
in aliquid hydrocaMVARYGE MHEeINvENTIGN excel | ent
" high tenperature deconposing, cleanliness and
detergency/ di spersancy features. 30 Wile these

r e DREAOSRPhSIGHTR' 4 tusl 88A1poitioh é?fe%‘ﬁ%‘)%ait Leiifig G081t £ !

of carbonaceous engi ne deposits, the ress
3 { h§aHe® BEBfNgLNCpreblamms particdaily silverdiiceicfuePiaggé 88nding

-d i ' = l. di its. -3
S, o Bl 00 0B oo
cofpds as passetderatary andligheghifyi ng fuel 5 gauge

sending unit problens, particularly silver-based fuel
gauge sending wunits, in fuel storage tanks of

Riofe: i lesel fuels, _.such
5Pk arRaRi, RbB A Gablerdl A Rh cofieriraims vya
10 |1 tcrakingtien pﬂﬁs;tg}bﬂzmgkﬁbgé) % v ;éu&gtﬁ]bﬁéeidgﬁ gogfpcﬁmd when
| X
t't??dai’%.aaw?gﬁa é@’%ﬁﬁlﬂ%ﬁﬁé h 4agatoling er digseldvel pilhplactlde fuel
i ' . i | ude fuel

;lgjgn:g@?e@nmdi 1 uiee RO St Sl ebled B85S dHigage or restore
._C_f‘;g,, KIUSIe TR Ubits felitonew dnsebtigrigenarion. Tais R fsticularly
t %dr;br‘i%‘?ﬁé;r%‘Hc%Rﬁé ey @ﬂgi'ntah?ﬁ of g”é/g?)'g%&ylene) amine and

particularly” surprising since _
IS5 cdhibdizabieoconpomd ﬁé@bﬁéh%bﬁ@@ b@?éfﬁﬁ%‘?lﬁ%@fe effective in

thi gdi.azol e_conpound has been foun
- sPGHIPHNG & Tue! @skee sending wit fonlikermew opergtidritd-congltion than

_ g@“gsrgﬁﬂggggmwa:@bgs %%ﬁ%%‘ﬁew operational condition

than either © ents by itself.
Accordingly, in one aspect, there is provided a fuel

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
2. -~ oxyalkylene 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 thiadiazole compound.

-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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20 conposition conprising a major anmount of
hydr ocarbons boiling in the- gasoline or diesel range
and a fuel additive conposition conprising: a)

at odhRB[d; icght, of o] y{.oxyal kyl ene) .

am neﬁhésg%ggajg’? r%n}l;%% éﬁ‘gd[,%car O'ﬁ? b%&@%ﬁ’ Hi%ﬁ?ﬁ?fﬂ‘eaor diesel
sufehgeiandta fuaetiadditiob @nmﬁ*%ﬁ?ﬁsiﬂﬂi ts to render

the pol y(oxyal kyl ene) amine soluble in hydrocarbons

boiling in the gasoline or diesel fuel range and b) at

| east 10 pprathyaeicdt A LAZ nd.,ln. -
anot her . agpect .t her ep[lg{s] tﬁlr‘%f%ilgggélaéa%g&(ﬁg@gﬂene) amine having
precl udi ng @tligast-areskasit ndtogedlatograge aSRIFEBEt Hiinber of
from sust ai nj | fur related corrosi on danmage or
restoring sﬁx&gﬁgeé?elémh reﬁgﬁb&%@{m%awﬁtf@)iamme soluble in’
gasol i ne or mydeseirbughbellifgfid ¢h n%g(?r i

| i ke- new operati onal condi ?il_on,egglg(gr e h%ggéﬁf%ﬁasr}%egand
oper at i ngb 3§ lnastiteprabydveight oba thiadiavel cdrmpsiihll. a

fuel conposition -4 conprising a major anmount of
hydrocarbons boiling in the gasoline or diesel range
akanend otbler falstbts, Vite GRERRBEIE [SBL <R BH y%‘[ E@ipéi%}é}qacﬁiscovery

am ne

I t, ,2000 m by wei ght of a pol y(ox
. h%§ﬁ$*gg cqPeentzlion,ica Haiiue cmmb%g&wn af arocatain poly(oxyalkylene)

safrfing h ey, upits, to render the.
pol (;/( ox%%bl{yﬁl ene)OI(ﬁ:now sg}jﬁ@gﬁ]pp%?&%ﬂrf%@dd'hve ina
lb’&Y "PRgFbon fualsugdisad %?eo!?re d:'{ ﬁi@@%l_ﬁéﬁ{viil@@@%o@‘%epba%e
sasdi | of _a thi adi azol e conpound.

A‘n‘bné"%pﬂgsfﬂ]f’ﬁg?‘\é%, g SUITsielased cempsiopataBage drirestore fuel

| sé URE i ion of a . .
s ket o S5, BOEEINIS Bl O
affiliee vl shoregedants t ke oepopetatities congltrye Meecer, the
f L1 i . rocarbon fuel. such as .gasoline
S8 il 'S a7 8L M bec Blng 5t sBRigBng uni ' s
feemdirgpstigd fnd 1 s e or ,
rest o?: f uel %%@?ﬁ%ﬁn@gﬁ‘?@ 8%§thda?ﬂn$§? g restoring
sYVesbatnebieiel gaude segdingamitsni gasofie of Giesel 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 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. .



10

15

20

25

30

vehicle fuel storage tanks to |ike-new operationa
condition. Moreover, the disclosed nethod is suitable
for use in precluding fuel gauge sending units from
sustaining sulfur-related corrosion damage or
restoring silver-based fuel gauge sending units in
gasol i ne or diesel vehicl eDafigltiopgorage 20 tanks to

| i ke-new operational condition. DETAI LED DESCRI PTI ON
OF THE | NVENTI ON 25 As stated above, the present

i Higshermoiemiee'a Eé@$ﬂ0tbetmmﬂp~cbﬂp03|tlon raving a

hi gh concentration of a conbination of a

psrmeyt(emyaw:;doerm) m:rseto%rrﬁor@antcfvaaréaﬁéﬁh%rmpé?ﬂ%tiaged of

use in vehicle fuel storage tanks

&Pé’%%a@d hydegegavlieh $earba@linhatie alicyotics asiraatic or

t f
T e o 5 A P ARERR Sy BREATY 0fSs may also
ORI |abnhaﬁSD.u1FHatwnat|bn e s elefinioer éd&@y!@ﬁi%ﬁﬁfktaturatron, and may
Cﬁm@ﬁﬁﬁrn det thefollovvrngterrrs wi |1 have

i Hipderpateras, %m@%exxgeﬂtat@&ogenrm

takigens P I
Che. roun -aﬁz@f""““%@"feé’r v bR faBoil Oy
é‘P@énhkfdrpgarhyéwﬂbaismcrluqe omﬁmasmbamﬁratr@ﬂr bon and

hydr ogen whi ch may be aliphatic, alicyclic, aromatic
or conbinations thereof, e.g., aral kyl or alkaryl.

SheHety dalkglardfets @ RASHEMNRESE bréir?j?rlba' A BIRGSups.

unsaturation, i.e., olefinic or acetyleni
unsaturation, and may contain m nor anounts of

AL e& PR nitro r 10 . ,
hai ogensﬁ’ff“éu‘%ﬁ%%ﬁr%ﬁ%ﬁ%?r&hgﬂ S hotaseingrastient
with carboxylic fatty acids, hydrocar byI will also
i ncl ude ol efinic unsgat ration. The term ‘al kyl" refers

to both straight- 2l ) gyl groups. 15
The term " ppnl w' refers to parts per m [1ion by weight
_(igf active i n?r edient. The Poly(oxyal kyl ene) Am ne

he poly(oxyalkylene) amine component of the present fuel composition is a

poly(oxyalkylene) amine having at least 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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The pol y(oxyal kyl ene) am ne conponent of the present
fuel conposition is a 20 poly(oxyal kyl ene) am ne
having at | east one basic nitrogen atomand a
suf ficient nunber of oxyal kylene units to render the
pol %/(m%yal kyl ene) am ne soluble in hydrocarbons
beiitehig pbly(@yelkyteswl) ianeinercotms aidsifangse irGeRgirabbt invention

L RBuBR B HR ReF AT 1R e e dl smities andiec BBe fos Sxample, in
dxFalFgt] ke 0aT 391 @rsatearﬁw 7f i @8"1 beﬂagne“h th8 d?s%ﬁ’osure of

nor e preferabl f rom about even
pYER isRcprIaraied hasein bmmfewnﬁeoThES@ecmbUyd@aﬁ Byah@@barbyl

L e gk o

tetidegutemertydyocnbylceadirpeby Ho |
g eraII ran e from about g gy(to about 10g!0d8§‘sfr% dbout 2 to

%f?"é’Pa ﬁ*kdk%@tmﬂt?@ ang wfmf@mthsm@(osya&yleae] chain is
|
EJblraéﬁsd (gg:f Mfan }eﬁnategég%r%m?% Fbcgpgﬁydr oé ﬂtg@qen Stohi'of 415 polyamine

ﬁ@vyxgo&qral dbpue@dd R2odmins miaeges athras agdrhm BBbut 2 to 40 carbon
301, issued Jan. 27

BTt o e loni et Faidibgvgion iibmabart 1:1 and 10:4. The
o cear by g o) 82%%"“3%“@5’52 LBy B R T AR

wnwra;irya} /Yol Jb rampncatoms. Feese abnipeastis @ea%are%lfy have
MG LBF RYILE TSR3 RGe BF Al 140 v eleranty from about

B06rteiSO00mdnabyd pref@iakly) RHR) atiAiS00itS 50@9”0'60' through
a terminal carbon atomto a nitrogen atom of

pol yam ne having fromabout 2 to 12 am ne ni trogen

Fhe at ons.Wth a
e ARty s B Rl B res afp propared
by convamtionahperaedardsy knawo ipttenart %@upmi ff@ﬁ@)fd?ﬁble inU.S.
%%kg\qoi%/? ﬁ%ﬁne) pol yam nes will contain from about

0 &0" %\ atons. These conpounds general ly have
nol ecul ar weights in the range of about 500 to 10000,

% referably from about
ther poly(oxyalkylene) amlnes suitable for use in the present invention are the

poly(oxyalkylene) polyammes 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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500 to 5000 and nore preferably from about 800 to

5000. 15 The above-descri bed hydrocar byl

pol y(oxyal kyl ene) pol yam nes are prepared by
conventional procedures known in the art, as taught,

for, exanple, in U S Pat. No. 4,247301. 20 O her

plg PRAARYalkYiPRelardpPleEnt oroietes are prepared using

poyan hes e 8 B DA oty Nl et 201

connected to the pol yam ne noi ety through an

g‘é%{ :é}éhgj rqﬁﬁoq\g(‘é)é%alkileggp @mrl]rl@(ﬁa gg9fgf{nlr¢\rqg?prfeégnrpma\?entlon is a
eighlycsrahued Byl ;Btb@(dx)h(z@%gi%ﬂ‘ne?%a@d%ﬁ%ﬁ% | FOhibBY! {37 example

havi ng an ep|

d@é&ﬁ bad. Ne.ob, O@ﬁ&@fy’l, ssued MbiS.10P4a992 tngcH:lkiR/ﬁﬂz étoél%, the
f kN ENE T A
pmkqumesyélwlenémhbaﬁmﬁéseh% i %negai i, ved

pol y(oxyal kyl ene) 30 pol yam nes or "exanpl e,
al kyl ene pol yam nes, pol yal kyl ene pol yam nes, cyclic

-am nes, such as pi perazi nes, and am no-substitut ed

am nes. The pol y( 6xyar&tend.rhe)yAhGhCHAV NG an
epi hal ohydrin-derived |inkage -7 between the
pol y(oxyal kyl ene) and pol yam ne noieties are prepared

searein RN ORI AZESIGE Fhol 8HEH col B ATR! Shodth2 1o 40
ﬁf%@ﬁ%ﬁ&wremblamnrmmg%gbuﬂ glgmggffﬁ)rﬁra@}%ﬁmzo carbon atoms
W&Foxy I“l%sil EHEE {?g' QS%H,Qﬂ:'ieiaEB@IH aftda@arm!r@er up
itm 30, feaibl S

I Schi | E\I;(\/la tz e%mg? 8, T{Q%i}r@% rse(c:i: %E’H%qo%ﬁl sv\%érg'ﬁd%gc?m a &uerbet
MGP%\@@UH%@B@&nb@yam@hamg th@feawildi ghl y

branched al kyl pol y(oxyal kyl ene) nonoam nes have the
general fornmula: 10 R - O - (C4H80), CH2CH2CH2NH2

R,— CHCH,OH

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 examplie, 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
dtsclosed 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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wherein R is a highly branched al kyl group containing
fromabout 12 to 40 carbon atons, preferably an al kyl
group having from about 20 carbon atoms which is
derived froma Cuerbet condensation reaction, and a is
a nunmber up 15 to 30, preferably 4 to 8. The preferred
al kyl group is derived froma CGuerbet al coho

BT &2 R R SR B e B 2t] @0ddHiganen discloses
dmir@carﬁtwlepcﬂ?@k@a%mey nSRIAeARSs WhicH are sun‘bable far yse in the

poI oxyal kyl ene) nonoam nes are prepared
ki?{ titehenmpasiian s Rﬁ;’é@-;lalf @xammermce‘tmsrpaﬂe.&dmnbes

y?o%&gl,p%@(( )gj%é%m e ?55%3139%] ﬁagﬂ@q frap ammonia and

ctimetinilamome.of t he present i nvention are hydrocar byl
pol y(oxyal kyl ene) nonoam nes as described, for
exanple, in U S Pat. No. 5,112,364, issued May 12,
1R ParticRiariBreét Leh
|ngor por aﬁz% hereeda{rwye dflhgfj it %%Lgo%éﬁlggplag)e@opﬁamme S an

er en

@lelptreny pm(ow?%ﬂxgel@mmswh:rmhﬁ:@wmddwc!tﬁﬂaﬁ@alkyiene) moiety
e pre e reducti ve
a@ﬁ“gﬁ‘ﬁg 8g§%rf’pé'e;5‘ﬁé+{8 Sp‘?ﬁ’%’[}%ﬁw@&%mkﬂ RyNpiiies| of oxypropylene

. mdtmqbetylmé mﬁw%%sm%hélp%ﬁ@&%ﬂji&;@m@ 7 cBhjaths

Braméamne I n addi i on
nes Praferanly, the alorl geoumios d:ih@akkzylpﬂeym ooietPyd a straight

G OH Rl B B REATMER 1061 4 oS s et raussgesially
Pxefepied aﬁkxdrbheﬂwl snpiatyeisticHRSBHERABhEN 0@ !ﬁxélt RISMEre the alkyl

po?l%cs gl k en}ez nongam nes prepare rom anmmoni a and
ﬁyﬁ\( dachain alkylekt2 (]BF@ﬂéfaé@lm@chtrwpd fofm propylene
haesaear byl pol y(oxyal kyl ene) nonoam ne is an

al kyl phenyl pol y(oxyal kyl ene) nonoam ne wherein the

pol y(oxyal kyl ene) noiety 10 contains oxypropyl ene

I f I
oni ot oxybutyleneyrs gt ILLES, GI 0xyor b ene

The thiadiazole compound employed in 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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and oxybutyl ene units. Preferably. The
pol y(oxyal kyl ene) npi ety contains oxybutyl ene.
Preferably, the al kyl group on the al kyl phenyl noiety
is a straight or branched-chain alkyl of from about 1
to 24 carbon atons. An especially preferred
lykyaqaiieylgroupi @td/Ri & HePrefprayg i m@amdarbyvi@éuﬂ) 5 an aikyl
¥Q&¥§ the al kyl 15 group is a branched-chain al kyl of
drbon atons derived from propylene tetranmer. The
Thladlazole Conpound 20 The thi adi azol e conpound
npl oyed in the present invention will typically have
ﬁ{@ferr@aq hladirzate ﬁ@rrmosﬁ@nmbatempmed for use ifRthe plePent S

d dent |
bl s SRUOREELS Pl S0 SSSRSBECD:
mam@armenm y,ﬂ:ﬂahlaﬁiazblb Q@bt&.\(ﬁy&eé\éwlthaogﬁeé aftﬁtadY ole, 2-

ndependent|y integers froma aZZ
%C@ié%a'ﬁ Yﬁ@%{@f‘@lﬂﬂ@ﬂe&&éﬁt&dﬁmi@m Smis(hgdm@rbyidath[o)
h@?gﬁ@ﬂ%l%yg hl%@éﬁe{hﬁ%é‘f Tﬁ%%%cgﬁlp%gna? bavEint Strfoturat

rocar r ou
IﬁPl‘GTLéalfabthwnﬂdeﬁJWIydrocar byI group is an al kyl group.
Preferred thiadiazol e conpositions contenpl ated for
use in.the present 5 invention include

2,5-di mercapto-1, 3,4 thi adiazol g, 2-mercapto-5-

hydr ocar byl t hi o- 1, 3, 4- thlqplaZOWG

2, 5- bls(hydrocarbylthlo)/a //thhadlazole 2-
nercapto 5- hydrocarbylmithl stthi adi azol e,

2, 5- bi s(hydrocar byl di t hi o) - il 3, 4-t hi adi azol e and

m xtures thereof. These conp lhds have the structural

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

ll ||
HS 7N\ s/ N S—R,

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

N

I
NN

(V)

Ry~ S s —R,

2,5-bis(hydrocarbyithio)-1,3,4-thiadiazole
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formul as shown below. 10 N-NI1I Il HS\S/ \SH (I1l)
2,5-dinercapto-1,3,4-thiadiazole 15 N-N1I Il HS\S
\S--R4 [ 20 _

2- msrcapt( o- 52 hydr ocar byl t hi o-1, 3, 4-t hi adi azole N -N
11 R3- S/ \ SS-R4 (IV) 25 _

2, 5- bis(hydrocarbylthlt@)_;l_&ﬁ thi adiazole -10 N N I
Il HS/ \S/ \S-S-R4 \/q_| 2- rre capt o- 5- hyd
rocarbyldlth|0134/t oIe 5 N-N

S—SmR

4
(V)
2-mercapto-5-hydrocarbyldithio-1,3,4-thiadiazole

!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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HIl -R3-S-S\S \S-S-R4 (VI) 2,5-bis(hydrocarbyld

ithio)-1,3,4-thiadiazole 10 wherein R3 and R4 are as

defi ned above. Preferred thiadiazol es include al kyl

t hi ot hi adi azol es and al kyl dithiothi adi azol es, such

as those commercially avail able from Et hyl Cbrporatlon

a@eﬂérﬁuyuhpspnasm&fdueaaddma eonRetsitiohi ik beTe(ahﬁilyaa 194
additive co

The fu
o SATRATb B o ari indatioih ok Pogarel 4f Ky 18250 parts per
2il by welptd) predsiery frogl r ?1‘69?
Senhmp[p.nmpl y el’ghﬂ D pgrtrﬁ?ulﬁg{ﬁ/) sil \f;r-;bvg?néﬂ ue
g%rg@rfq @%ﬂﬁ‘i?éoolt‘h%@ﬂlnﬂr@w uel storage tanks.
The proper concentration of additive necessary to
ei ther preclude fuel gauge sending units from

sligeens oh ndividtal rconepartets doydrosddon ﬁi’éT%ﬁté?ﬁmeﬁé‘?ué additive
%ﬁ{} g@u{g endi na uni t'?w to |ike-new operational

PRSTEAT G el fiom wilhgengisdy sentm froet akot| 288to 10000
anshnIsMesighy, pRéfetafy RioPR LeBYLt JhRD effbﬁd ;Be?rﬂ ,urgwgre preferably

treatnent can persist in protectin
Sermiabgul RPOQ te 4P0Y @pmimmm mly(eas(yalkyl\eabu ahtine component

t t t t. -
ot 20010 200k Ohl et B0 Pbpe2ade P00
Imcymb ferably T Bt
anaing. 1 om about S100 10 10550 paFY vy Ef il digroe
( Lei ght, preferably from 2100 to 5000 ppnt w,

and nore preferably fromabout 2100 to 3500 ppmw. 5
In terns of individual conponents, hydrocarbon fuel

cldre liehadditivé eofnpekitiaddirmploged in the present invention is preferably
formulated as a concentrate using an inert stable oleophilic (i.e., dissolves in
gasoline) organic solvent boiling in the range of from about 150°F to 400°F
(from about 65°C to 205°C). Preferably, an aliphatic or an aromatic
hydrocarbon solvent is used, such as benzene, toluene, xylene or higher-
boiling aromatics or aromatic 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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conposition of this invention will generally contain
from about 2000 to 10000 ppm by wei ght, preferably
from about 2000 to 5000 ppniw, nore preferably from
about 2000 to 4000 ppnmfw, of the poly(oxyal kyl ene)
am ne conponent 10 and from about 10 to 250 ppm by
vvei ght, preferably fromabout 20 to 200 ppmw, nore

f, f t 20 to 100 m f th
L R A it
eﬂ@bl@%@é’nt‘snﬂé\n@mBF@\%‘?thétQI‘(gm} Wbl al?\rdetpng gbl y 15

fornul ated as a concentrafte us ng an Fabl e
ol eophilic (i.e., dissolves in gasoline) organic

Z%E\i&f%%'?@'ﬁl B is SR omeneniaby &%%waﬂ? the fuo

icAb ingrt hidsaean b@ﬂt&ﬂfmiriedlqu:dNemd:iat\drmcfabubﬂahﬁaiiy

C )6, such as
.@Ste?ggsﬁﬂ?%ﬁg%' AR baictd (i, Br abaRi2s fatinEsgtona the
|ﬂuetatﬂnhtwmbompowt1t)h wWhikdy st RPRh SIRhiM I?tc%nﬂ*ftﬁltﬁﬁpste ctane
S|tale£or useﬁdththe present additives %

IGALERTCRL Bicreage. dhsrarrien ﬂlﬂ'ﬁé"@)db@ta najutad op syithietio fluid, such
Véid }nlr&ﬁﬁ%lﬁlréﬂnécﬁpgﬁ?l%gﬁnﬁbﬂg%g{xth%g iog)l)éag( it 70 c}Ne Ikgnes

percent, prefera

pgelggmg hwtﬁcb@elmteﬁ emdhjr}hyﬂrﬁg‘ér@mﬂlPoR@lﬁr@o@in‘é’eéﬂﬁtsyﬁfhetlc

uel itives may

%’i@&’%{%’snaﬁﬁf “t’?fgﬂ‘éjag: ?Sli“?xhgéshgﬂ@ﬁdbﬂﬁcﬂbﬁd,ef@p ewgeyple,rin U.S.
tiat. Noegert!, S3WRINT 08, et'e{‘cédbdr{%@ﬁe?tfa% SERAR tﬁbﬁ% gegcribed, for

xygenates, such as but” 'her’,
@ém@e igles. Rat. 3‘@0$réi ﬁ%ﬁ@altommremyd 5[0 &L Vogel et

tyi I t I h
A BRG  Blrop e AN Mgt SRR 2. 226, Puidiebpe et 7, 1990,
amtd:&BQ 489t sublishedlAudeast 1gag ors, denulsifiers and

carburetor or fuel injector detergents may be
present. -12

These carrier fluids are belieyed to act as a carrier for the 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 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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In diesel fuels, other well-known additives can be
enpl oyed, such as pour point depressants, flow

i nprovers, cetane inprovers, and the like. 5 A

fuel -sol ubl e, nonvol atile carrier fluid or oil may
al so be used with the fuel additive conposition
enpl oyed in the present irmGAMRIESThe carrier fluid
is a chemcally inert hydrocarbon-soluble liquid

"vehi cl e which substantially increases the nonvol atile

B uen(aVRl be furtsiamirAee byt ibulif dBKAABIA! whith set
fu&b addi tivye gonp03|t|on whi | € not overwhel m ngly
d8 ﬁa&lﬁq!ﬂéy fevyHagerus methef prbegimentscY\daledhe Examples are

bUiteH th i k . or thetic flui Lo
gﬁcﬁ as ﬁﬁﬁgFa ﬁgﬁﬁFg?gﬁ%ﬁé 'Y JP%ygﬁﬁpgémg?MEdQG"”“tm
synt heti ¢ pol yal kanes and al kenes, including

rogenat ed and unhydr ogenat ed pol yal phaol efins, and
2@% fol?g?Y"!f'g %?'9%@8@/ ‘N@lag%ﬁ’é) thievghel the ixampleagmleas noted to
tthesengascri bed, for exanple, in U S Pat. No.

4,191,537 to Lewis et al, and pol yesters, such as
t hose described, for 15 exanple, in U S Pat. Nos.

and AT BRI beferRoviiagackess, plbs Cio
published Mar. bikﬁﬁ%ova%%ﬁﬁbl]@%nlep’ﬁmihéPgébaa(’f%@gg the

16, 1990. These carrier fluids are belfeved
a carrier for tHedgie aaimationof a20.cukyplséridxyn

are typically chsaoeryBELHsBlo G g B Bsoular
25 to about 500¢igpmfaboueitgbd. of the hydrocar bon

fuel, preferably from 100 to 3000 ppmof the fuel.
Preferably, the ratio of carrier fluid to fuel

Preferably, the r: car: N
about 1o Tor e searer AT PRI e iad ol

Wien enpl oyed i withiothistiazolec@ukeaetrotity Tolad d719) ds
will generally be present in anounts ranging from

about 20 to 60 wei ght percent, preferably from about
30 30 to 50 weight percentyampi 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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EXAMPLES The invention will be further illustrated by
the foll owi ng exanples, which set forth particularly
advant ageous met hod enbodi ments. Wil e the Exanpl es

are 5 provided to illustrate the present invention,

they are not intended to limt it. The follow ng

dEahlig a6 hROSChevmbesi Lrhina dtnglioe Speb#icEiamp| es unl ess
noted to the contrary: 10 Additive A: Base fuel
cont ai ni ng severe sul fur package plus Cl12

aBand (iweryoxy pol y(oxydupyl ene) ami ne prepared by the
reductive am nation of a Cl2 al kyl phenoxy

polfOK@EPBUE vl ene) al #hBl havi ng an average nol ecul ar
vgjsgtgce%erﬂg%ﬁ:woo. fgn Addi tive B: Base fuel

contal ni ng severe sultur package plus al kyl
dompoessian Ratiol e ( Bakér:-Petrolite Tol ad 9719)

Exanple 1 20 Four test vehicles were driven for two

full tankfuls of a very sulfur-severe gasoline while

ST Hal ' b i+ tiV e
R o R S B b Wi § BRBRGGLEF California
dyeatpm wieadehgésnlineNio Avydehatéd avith the PBogdrews abtetl in Table

et P B R P S s e Sl it
a@mgg%‘g@gglﬁg EI'Zé %ﬁf@%ﬂgﬁ%@%%e@&e@eﬁ& 968 W8e suifur
package contained 16 ppm of elemental sulfur and 20 ppm of mercaptan 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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Conpression Ratio: 9.5: 1 The base test gasoline used
in the four vehicles was a commercial California
prem um unl eaded gasoline (no oxygenate) with the
properties listed in Table 10 2. The test fuel used
in all four vehicles also contained a severe sulfur

df 219 3y d ephitkeldeesatiptiont o t he gasol i ne to enhance test
severity. The severe sulfur package contained 16 ppm
of elenmental sulfur and 20 ppm of nercaptan sul fur.

B v ehiackditizeex5e8s fid)ithostiverd suiﬁﬁfﬁafékagé. an
a]gdltl e package in addition to the severe sulfur

PR £y Basedelrntaiping s vere hifuepdakape s Caealkiipbenoxy
ddi t | f | 1. Fuel. 2,. Fuel

S AP Rl R i) AhEnd Bl aTR A6 e q druvkaingtio ¢ Cro
f.o;Jr tedikslylpherhmoﬁt m:ﬂ{@wybtllmg'fnee@tlmwh@&iﬁg?rni ?ﬁ#ﬁ elmoie(f:uiar
Cl -subu a S e . T10r WO CO ete an urs o

t heyr e‘g?)@[?F?g%bqggpobﬁéddﬂﬁﬁﬁ-éo@@i F?Fg’ng/\@ssessed. 20
G BasBaae comkaih i els ST B GB afls A3 dipjotpypgiazole
vol %(Bekef-Peyolitell @ag 9v4P) paddibvedas 86 abasw).65. 500 vol

0% 4. 000 ng/ 100 hed 1. 000
R BASE gt ot e salRre Sgfirnackags mufh Grz Alsbpaamr
D086) : I°) f Sy AN '
sul? urp-"‘”é%%?ﬁeﬁ?*{%“é%wg AR Cah L diicRiRaRoble

Fuel 1BakpmBalroliteEalas- el P36 paivw).severe sul fur
package.

At the completion of two full tankfuls of test fuel, the respective vehicle's fuel
gauge sending unit signal was recorded 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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Fuel 2: Base fuel containing severe sulfur package
pl us C12 al kyl phenoxy 5 pol y(oxybutyl 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 (Additive A,
3000 ppnmiw). Fuel 3: Base fuel containing severe

R T TR U S TR R e e em——
34@55(9'@1' todhie BaAGOf tle ¢RI EP& gkﬁlﬁéﬁr &%Hélfc\%t %ggﬁage

plus C12 al kyl phenoxy pol éne) am ne
p’gﬁﬁmy@n aeqhiswneylteaﬂ Twl‘rfr'mlm aﬁomrtgj & synergism between the two

S5 WEk e QI EPr Rk -8 e Seri aneraien s observed

I‘lBSID@Gt&)(M’ﬁUN’Gh’IImhﬁHﬁ detglvoltd§e HPHGE £8REIBL4BI Fuel 4 shows a
s%go?&?was recorded and anal yzed. Twenty minute trace

HioRdmprare®rpt cemparasitoffual 2 ard Fukl 3 mitheontained
LA o thtive) RAfiodis ot Bl 4 WAL S50 Mt CofBing

sequence to the enpty tank p0|nt The cl ean gasoline
used had the properties described in Table 2. The
tank was drained by a punp external to the vehicle. 20
Tiblé aspectiuet dadifle SN gﬁﬁpd: anal og

vol tage signal was recorﬁ% duE%HSE#Fkﬁ%rain sequence
usi ng a TEAC RDI 30TE digital audio tape technol ogy

; : a6 Arl—diaital-saml e rate was
4800‘(5 sarrpl e§ﬂ§g\§ :é%% %P‘f'o*me@r ec‘UﬁEﬂg\ﬂmqu{@\fy )QUR@VGI'OH (%)

dat atanal ysi g s30f t ware package S Uselzdp quantify
the electyical_ anal bg waveform The software proyided

25 bédth the Q&%‘forms AQﬁc@upI ed (the2wveformDPC 213

ot \ D'\/E \IO! t luye

l(J;JIC;S ”rcr;el;qn sal?’?p“at h;us@@ e rodt of #HBSum of{ t he 20.0

saml es tlaken), andi t he maX| mumijand i ninum vo

Isquages o’f aplz7ganpl € poigglg, di yided réy Mue nu”:z L%O
age “

véilithgeapeciita e cortrolvales.by t he wavef orm The voltage
magni tude difference between the naxi nrum and m ni mum-
value is 30 here referred to as the maxi mum m ni num

Otectrasiied bixge tusl dsovedRatd R 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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recording, the greater the value of the AC coupled RVS
voltage or the greater the value of the .

maxi mum m ni mum del ta vol tage, the nore corrupted is

the sending unit signal by surface contam nation. -16

The data is summarized in Table 4; the percent

CORGEERETN NiGRae MG FerdiExbedities pecshdvon IhEalers.r The base

4.8 ngl v, t ent RVB vol tage
ST ReePHfe wdte ol B LB AR er el Gallamimpragnim Unleaded
gyreiing: somta@tingao dx?ﬁeﬁéi\ﬁé; s PRARISS b 485 rrb%dﬁégltabﬁen 6. Prior

: .. Li kew se e _sane synergismis observ .
?‘ha %@%@% fnkiihadditizedvaeamyp test, festehiclelsrfuthysuge

. ) -6 9 ducti i ement
o e TR S dlog Vichal WA TR RR AR RS K opour
Hade resedoghwosencsmpfisteteby 4irdtreiminguak tneRfn M an fost fuel

i hed. Tabl e 4. Fuel Gauge Sending Unit C ean- Up
@@‘ﬁ{f&d)-%é‘%e”(f@forﬁmm R SEGURDEEND ﬁh®e;nniy @ax)klpomt. The
e St e fbod beld e Dydoerifs Lo, Rorghié o s h tapk vras
A by BoPurhe extarnablo thalwaﬁcdeTﬁléflisggsté%ér ?ggi@gggs sending
e e TR T O .
TEAC R@1ann‘ESdiglt@lraacﬁ@téﬂéedecﬁﬁgiﬁlbg\rﬁscorBQFfﬁﬁé 'aﬁwbgir@ %E]nal

T t havi ng a concéntrati
é'gﬁﬁlpﬁr?ggs Igf’falgf?‘\’/"gg ﬁ@ll 009n @@ayamegy benegcam. ﬁ'éle(néddf@ér\ngBEﬂ\C
QRARAR Hatd ot solE HERAGe SR Iee Gintibethe Slactrical
eelDg Meavielirim. STthar sefevdrenkevidedaiith ehewaveform’s AC-cou pled (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

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.

- 18-




10

15

20

25

30

A MY2000 Ford Expedition fuel gauge sending unit was
restored to like-new 25 condition after driving for
two full tankfuls of a high concentration of a
conmbi nation of a poly(oxyal kyl ene) ami ne (Additive A,
3000 ppmiw) and a thiadiazol e conpound (Additive B,
Jdegssrily armsanplasiasdup Tabie 7; e foel gaudesending ahitews
. errati.c,an ea rtjficially

FPSprEls o REfn SR RoBhiBhas i Rl B Rndbttheci e
Bapeliha.ildw msalts heve very Jahkieing and@nddiRted, 89d show dramatic
asol i.ne d for the "clean-up" test was a California
?%tﬂfq}mnﬁﬁﬁ%. gaygs SansinGBat ko apergtinnaliyxyeyeraltoendition.
its properties are described in Table 6. Prior to
starting the two tankful additized clean-up test, the
JehlebeMy2008IFagad bypelitioarEngige Bpctifiehisid | cal anal og
signal was recorded and anal yzed. A one hour trace
recordi ng was acconplished by first re-filling the

Bank (wni)h cl ean testghyel (unadditized), then
recordi ng the drain sequence to the enpty tank point.
Phokedmsdl gasol i ne 8844 had the properties described

D t ank drai ned by a punp external
t(’)%ﬁ%r@%ﬁﬁ%ﬁgﬁ The ?’é@@ectlve fuel gauge sending 10
CompressioalRagiovol t age.gsi gnal was recorded during the
drai n sequence using a TEAC RD130TE digital audio

tape technol ogy recorder; the anal og signal digital
sapR @ Ega-zgeecr %ﬁ?%m@ﬂiﬂ'gll ecaond. .. The
recorder’s %ﬂﬁ - arﬁéa@%iwééﬁ a%QJWﬁNare
package was used to quantify the electrical anal og

vef o, T ftware provided both the waveforms
%%gﬁ%aﬁf)é%“ &WR’J ef orm DC conponent is subtracted
out) RMwnd@dd:age val ue “Q?BOG%?% square: the square

root of the sum of the squares of "all sanple points,

di vi dO¥efingy t he number of 1280Plves % aken), and the

maxi m ni mum volta al attained over tine
by t%m\/\ug%%fsbrm The vol tggéoﬁﬁ’é’ﬁf?/‘t ude difference
Uatvaeked ghm: maxi num and mypipiy is here referred
Ma&as t he maxi mrum 20 m ni num deﬁ]q/gbglg’lltage value. On a

bed/Qe8br di ng, the great.800thg/108inlie of t he

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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AC- coupl ed RMS vol tage or the greater the value of the

maxi mum m ni rum delta voltage, the nore corrupted is

the sending unit signal by surface contam nation. 25

Once the vehicle's fuel gauge sending unit signal was
initially recorded, the vehicle was then driven on

tThe results indichted shatfarisir t6 tre traptrient] theakf lelel gaﬂuga Wwes erratic

PR B dantin e el Ry dedFan iftbred to
wsmagapsratiaguotelionnss anabyeRby the 88 TRMMle S These
descri bed above prior to starting the test. This fuel

Jasiyts %r@ntéFi’tHgsuuWS(m%ﬁ@ﬁélnesge@t@dord| ng was conpared to
the recording done initially before starting the
additi zed clean-up. On a trace recording, the greater
the value of the AC- coupl Edafiyfe §ol tage or the
greater the value of the maxi mum m ni mum delta
voltage, the nore corrupted is the sending unit signal

ont ation. 8 The results are
WJ@% Ghe a‘%} Eummat Yrhiglge Wega fit deeed g asiditivenas
rc@%b@tﬁt%*et(ﬁrs@aﬁt@b d MencRehtd héPfoﬁ‘W@Of)G‘lrrlmes ona

dgagzr
tankful s of the addit 'd gasol I ne. e results wer
\maryemm m@dﬁgat@vl@euﬁmmialwdanWnMMtgasolme Engine

SREPEEAIRO] Inc MR iR e S IR TaPE 8. hamseriset

Bepetid it wagithe sSpedsofid he @de@[bédﬁrm‘rmeg@ ditionally,
St r oke gn'%” 90.0 10 D'SEE' acenment (cmm):

Erpeala rRédtli M wag addedtanhie gasoisie Oztder mnihemce test

5&’ %E’W S%g.iee?,qg pepTgétteﬁG%&ﬁla#tﬂgce Jr#oc%erg{éll féu Iﬂrﬁa‘lgk/gfaésfﬂgll

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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O efins: 12.000 vol % Saturates: 65.500 vol %
Unwashed gum 34.000 ng/100m 20 WAashed gum 1. 000
ng/ 100m Oxidative Stability: 24.000 hours T90 (ASTM
D86): 308.3 OF Reid Vapor Pressure (RVP) 7.010 psi
Sul fur: < 6 ppmiw 25 Table 7: Ford Expedition Fuel
Gauge Sending Unit Cean-Up Data One-Hour Fuel Gauge
ndi Uni t al og Voltage Trace Data RMS (V)
ﬁe@@fﬁcgg%ﬂ%%a%ﬂﬁ B dnleeslegd @st Gasaliney Start of
Test 0.356 3.146 End of Test 0.317 11.0 1.323 57.9 30
Wth respect to the start of test value. -19 The
egularsFiAMdi(BaT BUDAB48) prior to the treatnent, the

fuel | uge was errat;.c nd read artificially
hi gh. lﬁéﬁ@%?r eat ment , th?zf V&e(?el gauge was

rest or@efihe normal oper atiznanEesmdi,t i on as evi denced
by the data shown in Table 7. These results are both

sur priSAtH@EEHd unexpect ed 6550Ekedlfbe 3 Two MYl 998
m na vehicl es I sed with
QI ot LG el

concentrate (first an dose), and then
dWastesd goget her for 12000 1000k E@TOGNI 10 mar ket pl ace

derate severe commercial prem um unl eaded
ggg%tfvﬁe.g%/@EY:ne speci fi cgf‘i%ﬁ%h‘f"éfﬁthe two test
Vel Aleaviaiss) | sted in Tabjg Pop The base test
Reid Vapor Pressure (RVP): 7.010 psi
Sulfur; < 6 ppmiw
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gasol i ne used was the sanme gasoline as is described in
Table 9; additionally, elenental sulfur at 1 ppm was
added to this gasoline in order to enhance test
corrosion scale and replicate a marketpl ace noderately
sul fur-severe fuel. 15 At the start of the test, one
vedhie[16: ftmt onTestadhe - tadsaididditizeanBuéiubésdriptithul wi th
pol y(oxyal kyl ene) am ne (Additive A 3000 ppna/w)
alone. This is referred to here as Fuel 5. The other

VRl &: A dReed0ERd mame full tankful with a high
concentration of a @%n@?)ﬁati on of a pol y(oxyal kyl ene)

driial&: AddiiveiA B0080gama0) 1 pdditing B (BblerPetadlita Tolad 9719) (36

conpog*bq,g/(ﬁdditive B, 36 ppnmiw). This is referred to
as Fu . 'This is the only tinme during the test that

either vehicle was additized with the concentrate.
syel 5 and Fuel 6 are described in Table 10. The _
SHrQilser s oUW KeRPEr fuIPNSOYetenafixed to a staiolessisteel tray which

' ich i n
W N -
lwas electiegliy esoBied iffone e bag anBéroen 6aBh ottt Th8tsilokecoupons

100 Conpression

ottt and Drenaggl od s SpeCBRRSrCRAA B (SR & Gorrosion
o 06 p gty Q5T DB o e
Seilverableip:Classificationd ratid avals lsbdwguniTabie OROFomtheQaEr 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 plague 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 cbupons 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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Washed gum 1.000 ng/100mM 10 Oxidative Stability:
24.000 hours T90 (ASTM D86): 308.3 OF Reid Vapor
Pressure (RVP): 7.010 psi Sulfur: < 6 ppmiw -21 Table
10: Start of Test One-tankful Additized Fuel
Description Fuel 5: Additive A (3000 ppmw) . Fuel 6:
Atahle i12e DAfIGEOAS o Sitla) CoupddiRating MurhBaker - Petrolite
Tolad 9719) (36 5 ppniw). Four silver and four copper
coupons were affixed to a stainless steel tray which
VRIS s ki, sub ot he bot .~each vehicle's
fTe’T“‘tT%R@ Eachwqjcé%%@\as el baRRidh i solated from
the tray and from each other. The silver coupons 10

were rated andC&ﬁeﬁaredhas per ‘F ecificatjo IP2ﬁ7/ 82 .
(Silver Strip CHr?SS R Test). ! Fale direddy potighed stip
were prepared by this nmethod angdeat88ssisi th& i
"Silver Strip Cassification" rat ie%gﬁs?:al gngl:]own ei\herymght

Tabl e 12. For the silver ratingosphohbster, "0" is no
tarni sh while "4" shows bl ackening. The copper coupons
were rated as per specification ASTM D130, using the
"Copper Strip ClighsiTamish St armgntdbrowitdmwhite T@BESoration of
13; this standard is a plaque of copper strips which

show vi sual |y the rating nunberSirphera naterke/pedti ve

copper strip discoloration that relates to each

nunber. On this scale, the cleanest rating is 1A

(littlZe or no todemty and t hefamizh PeddtckhetbrsaiuchGs biue
is 4C (bl ackening). The characteristics of the

coupons used are given in Tabl ePifauyg ofgppdiumydark straw

Characteristics of the Square ShiN&{ cé’lB?athﬁ’PQ@ée R8&t below)
Coupons '

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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Length and Wdth: 0.75 inches 25 Thickness: 0.032

i nches Copper purity: 99.9 % pure (made in
accordance with ASTM B370) Silver purity: 99.9 % pure
30 (M L-S-13282) -22 Table 12: Definitions of Silver
Coupon Rating Nunbers C assification Designation
Deafde 13t Defingichishd Claper Coupoe Ratirgy Renfjeeshl y
polished strip except possibly for sone very slight

| oss of luster. 1 Slight Tarnish Faint brown or white
dASTRI DN 300an: @6ppér%tﬁbr¢193éiﬁ€§cq?%t e below) 2 Mderate
Tarni sh Peacock col ors such as B ue or mauve or
medi um dark straw brown col oration (see note bel ow)

Sl ] Bl ac ing. Spots an at ches of bl ack or
Mvrfaceﬁgﬂgﬁgﬁrmthim bl ack
deposit 20 4 Bl ackening Uni form heavy bl ackening with
% V\iith?,ut scaling Note: The ASTM or CRC col or
RN MPIisBed SHEP Ther mal  Stability of Turbine Fuel
(ASTM D- 12660) shoul d be used to differentiate between
the brown
1 slight tarnish a. Light orange, almost the same as

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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Any brown coloration less than ASTMor CRC No. 4
should be rated classification 1. -23 Table 13:
Definitions of Copper Coupon Rating Nunmbers ASTM
D130-04 : Copper Strip Cassifications 5

Gigskate gas hppedlenicd ider ateBESA With %rbomﬁléf?eff hhbﬁncorros:ve
polished stripe |I slight tarnish a. Light or

alHBRe: t he same as 10 freshly polished strip b " Dar k
orandge 2 noderate tarnish a. Claret red --- b.
Lavender 15 --- c¢. Multicolored with | avender bl ue or
sh$ ther vehiclestviereadriehairdtest) thé @bﬁbonﬁ@@be rél exfPhite8 Ahderated

|d_20 3 dark t h genta over cast
E‘%@?é&@@ fa'%f ewoqv%hra&%é%%ﬁtﬂwamqo dlg iagnecipeeeint are

%iﬁ%lﬁ@d(a?%&ﬁk%nzgcﬂ”i TopRr &Y é‘o@r\g%&rﬂ%@v%hﬁgle initially

Tr anspar ent dar k gray or

qraseal with edditizet dwieh§ ave s@eap)dmbb&)My tarﬁisa[éﬂ effrbhatie
trip

PR ol Sanl e ardficad by Bt pisreasn to be bright and
ustr@gs. Mg ROV Istiprisifd ah eRBxIESEH! Bhd SASws Fuel 6 providing

corrosion protection to the silver and copper coupons after nearly 6000 miles
from the initial one-tankful exposure to Fuel 6. In Table 14, the silver rating
number for Fuel 6 of “0” is no tarnish while Fuel 5 is moderately tarnish (2);

likewise, for the copper coupons, Fuel 6 is rated as “1A” (little or no tarnish)
while Fuel 5 is rated “1B” (dark orange).

Table 14: Silver and Copper Coupon Ratings at 6000 Miles

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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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 -24 duplicate this appearance after a test even

with a conpletely noncorrosive sanple. As the

w@wleﬁ}rerés A@Fuﬂied/&he oravisimtn DOeomesiRm s SWitected out) RMS

ﬁ act ated 5 every 2000 m | es. The coupo
S dH e MRt Bts e, TiRssers Pt gE il 6 e Sauares of al

suhfpld b@ﬂt@@iﬂr@éﬂ‘wméﬂi’mb@r Jed Eéétakgﬂgmgrrﬂﬂi% and

vehicle initially "~ dosed wth ad tiz
SHBWNYY VeHagr valye riieiriasheentines bathet \havefomup'ﬁn’s vbltags

ditized w t
ragpEgl Bifbrbdcd b8lebr MG chodiig had pliiuty B Refe referred
énds thenpairh@d-minidushes JollgeaRlovi ding 10

corrosion protection to the silver and copper -coupons

after nearl y 6000 mles fromthe initial one-tankful
I ti
TG Gl e fing unt SightP et g AN ATy a5 af e 12000
nn@elnap@tty)ntlalsummwﬁe)d in Tatlewbs the parcetthedaedehumber
upons ated as " A" (little or no
SBPRR 35 o e gl ¢-elu B Wit Fosnast e ysi Brlussie . race
idcotaiethbAgreatdrvgé vané GaRBC Q%OBIQH rfﬁﬁé'éﬂ%égat rﬁﬂ%%'_?ater

M les Fuel Silver Coupon Copper

' EhEBV@U% UBﬂIEB'TTBBImlBﬂierIr@um Oelta Ootﬂafgelmelm&é\corrupted is the

voI 'BS%?I ld#{h"’l'tb&%éjf @Eé&%&ﬁ%ﬁ '0'20 umeEz‘B nglfé)r/@ry surprising

and peekpottedoamd derhvpBt Mte@tﬁ!df@n e
acconpl lljshed by first rre fil y t%%t%ﬁﬁgb%?%%%%ﬁ“am n

pegpakepnditionihl gauds semding |m9|ts oan sulbEquenson Dridver 12000
fHRE XvitAOKe Qﬂbl%tio;ll—he cl ean gasoline used had the
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properties described in Table 9. The tank was drai ned
by a punp external to the vehicle. The respective
fuel gauge sending unit's anal og voltage signal was 25
recorded during the drain sequence using a TEAC
RD130TE digital audio tape technology recorder; the
dredl®d5si grradel BiRgreistersang! € 00atMilows 48000 sarrpl es

per second.,~The C.QUI K-VU data analysis
sof t war e pggklg tﬁgg’epgéé‘aeé?mpﬂft\ﬁ% drasePateal
anal og waveform The software provided both the -25
waveform s AC-coupled (the waveform DC conponent is

subt ract ed OLRMSFQ% Reduatien (P4) Ld\d@x/anMr(\/sqlmmjcﬁon (%)

+ hd

t quare oot~ of re—stmof-—th res—of
spaur%p e poi nt ‘0?’5%5'“\” ded by the nun‘b’{:*?ﬁ%f sanpl es

tRale#B) , and [oMaxi Mam4and M Ni[muggyol tage valug 7
lattained over tinme by the waveforim The voltage|5

nalihi resipectde the Feak veleeween the maxi num and ni ni mum
value is here referred to as the maxi mum m ni num
delta voltage val ue. The fuel gauge sendi ng unit

S\sghal res@toofibxgmpled Qlﬁkﬂhyﬂiﬂe%l%ﬁbén@énﬂ?eﬁ%n](ﬁ%o&mmnlaﬁon of a

mectl on is summarized In per cent

exyairlenmssrinedAdHRNA A,$3008rpprhav)Rns a éhisdingele compound
|
e el i —

@eugagendmgtlmet fmmMur—rélb@ch&irtdﬁlcﬁf Adetionally, silver and copper
voltage, the npre corrupted is

ERUPORTh LAy T e Sag ﬁaﬁaw?eguamse@r@ehaammql@rfor over 6000
TRRSAN HES Vehisledkith Mﬁé’é’orﬁﬁ{nﬁgbﬁ' \ﬂﬁfle 9{:\@0% aGhed I%W‘tgn the

denonstrates that the Fue can ct an maln
ﬁlﬁww&wﬁle)@@mdeta!me shied) auggmysmad{mdmd garhishay

over 12000 mles with one
?%Jdg}%sagf%iﬁ”@%s THHSS ffgu&%aéﬁ SPPaing; atHeXRactad 000
Ml es 20-M nute Fuel Gauge Sending Unit Anal og Trace

Data RVMS (V) Reduction (%9 Max/Mn Delta (V) Reductlon
(% Example 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 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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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,
aenbfpﬁmr)l Oper\sim{ecﬂhérernmed VERGDE Siinassddsedpwithi ect i ng

| | f |
BB GLTany RRRE RS I E oL 8T rambperSatioirpenyrate
pearegtionof e fﬂ@ﬁ@%%%%sé@d]hg Uﬁﬁ%‘:g{lﬁ&g VYehight 5 and doserc]l with

| ustrous for over mles in vehicle wth
FsPKyalkgenenamiee abaingich i@m@onnemﬁraulqrythmntvﬁwes 1-4 in

R KRR ALk RS AR 3t T ot
rrequirestmzr blgaer pbm@am@t@@dsa@@bp QQWyall@!@@@hmeﬁhe engine
cent ons (,3000

ho 5
RS TGRYSIR O] BiseipLHseiop ARands Gomn 1akie dgeiine hasadest
Fﬁa%%ﬁﬂé usBY R EHOe él'és%é %Egﬁmél%fﬁl ¥ Sfifo C,’n[a requiar unleaded

fur-corrosion sen

rﬁﬂsﬂhhe (xp@paygergatebwdh the prop'Emhess Ilﬁed iy m'abm g (iote tR&L this
ne p[ect ed hecaus d|t| onal deposit  control

ReFere '“sofd%"f’?‘* EBrF@@HP%Cﬂ% SPosil CoRkpLAdyeytis

Q@eauﬁd@@wmﬁ@low iewhie] '_%ur'ﬁ%%n%eﬁqﬁ bleQH?g“FHé &PY-up test

car bonaceous deposits. wever

deelcaise ﬁﬁﬂiacbmﬁd)ﬂ savemlhmaohag@addeqm fHeoggsoling inrmeder to

BBk e B iy Bl GutagREClcoom o

slérhentat euifesand 20 ppbh Qﬂh\%’ﬁcéméﬁ‘sm@ﬁ%r 8 amsy &p %éd@@nce
I ong t.erm prophyl aX| s as described in anpl e "3.

yebiees weke diiven AR amebeliked oity- eubmrﬂogn teatp@mfor two
td&)nﬁﬁé‘%rt%nf(fﬂﬁé fﬁﬁéséeﬁrﬁe?résft el C@HW &%%tln%?tﬂgcaus a@%ecéean -up

fuel” gauge sen I ng u I'I'ure

(Usénepoinfey aletind) andine Mk reb]@e(ﬁwe\)(fdhuﬂb’% ﬁiel e sending unit
| 'ene

AR Volldae S0Baiastsorashang SnalvzBde vl mitute fisl gauge
sending unit trace recordings were accomplished by first re-filling the tanks with
clean test fuel (the same gasoline described in Table 17 but with no severe
sulfur package added), then recording the tank drain sequence to an empty
tank level. The tank was drained by a pump external to the vehicle. 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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-27 tankful and one vehicle (here naned 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

dbageedteathicovaltbah theAlst@spldd RV Voltagd eF thed reater the vaiue of
lete restoration of the el

gﬁnnnstrate t hat conF

nEHETHA-ENNUER dera v oftage nihgnaprecerTaaried Ay 61%@31;@9 unit
Qg Iy (@irbkheltfihafBhne. The engine specifications

of the'test vehicles used is given in Table 16. The

base test gasollne used in the vehicles was a

'al . f PI a_requl ar unl eadeﬂ asoline (no
3’&[%?5\% Wﬂ C'B?B;&&Eﬁ‘ce@l INgS e&gh; ve M%M@Slcbnven for one
(fmlbtemklﬂhaif ré@.ﬂér dfcbass gtagéhneg fRcliB8d GPThHBI With

conmmer ci al deposit control additive; this accounts

Pefy(erelkdaneramisieed aglitive Auzdeo pﬁmaﬁ'\ab 1A tlié')comﬁmion of this
Safdr oFbdiShvaldiBheP ok ind My iR En Bl 85 Cad anitho unit trace

u'etsnrds'@seﬂerteyagaTﬂﬂ ascophsiteds by fikdt redd iﬁ@gfﬁe(téﬁlksaw&ﬁ ¢|ddh test
E‘éﬁwf(ﬁ'le el emsnt sul fur and 20 gm of nmercapt an

S3pe qaﬁe fescrifedsaglaited 7 bus withena é@vere sulfur
PESKAEBIIERS 1R MeBr@g t O URAE SeAEPIER lo ol SR P evel. The

'fte%lgaugel senﬁmgatumt analbgrecoglitddaiarie staiait&hitr Téble 18. The

dak S W EHE RS £37RS dmeroteiie sguoereaging unt signal
gl\@’ﬂgifaiwﬁjdi Eee| ﬁﬂi’ca@fb‘i‘ns%ﬂﬁiﬁéz@eguclg WAL am Ccts‘?e% %d Io

gauge sending unit trace recordi ngs mer
Byrmalr@r@eraang ICpﬂd itign tuyethemesofmenaa@rud:bémytmmwme) amine

EbiCerRAE, G e 1k Rlga ity el ing debiecnig e coames
RS Woﬁag@ eﬂﬁﬁe Greatér tABNVaYue bRNE h8Yiflum- mﬁlrﬁ éflfé'svoltage

rai ned punp external to the vehicle

gere §HH PH@dLIﬁ ithe seadiagagiisignaldy girfpeal ccw&amlnation
recorded during the drain sequence using a TEAC
RD130TE di gital audi o tape technol ogy recorder; the 25
anbleoth: Y naps dhgivtalbt lsaniieEnghe SRTi3tOAY sanpl es

per second. The

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

ThBleSUMBAsd RegsiaH nfSadtid POstabhsQ@ap! e points,

di vi ded by the nunber of sanples taken), and the

maxi mum and m ni mum vol t age val ue attai ned over tine
B% hEﬁFﬁﬁﬁF@Q?ﬁM[Jh?I ol tage magnitude difference
e?mben the' maxi mum ard m ni num val ue i s here

r ef er fesimitices t he maxi nugerdgisnen del ta vol t age

val ue, é? a trace recordin -28 the greater the val ue
of th®®lExoupl ed RVS vol Batfev@i%t he greater the val ue
of thatj@psum m ni mum dekta ygld age, the nore

corrupted Is the sending unit "Signal by surface

tomtashedaunon. 5 After th@0 mg/tdchl start of cl ean-up

p&ﬁg%giqgﬁ, each vehicle driyen for one ful

|ﬁg “reqgul ar unl ead q9£ﬂ919@mkdescribed in
Ol givd Btabilih  pol y(oxyabiygngdydm ne (Additive A,
3000 Ena/mb. At the conpletion of this tankful of
E@D&bg WVhDBBl:ene) ami ne t @mtly°fi nute fuel gauge

' ' .ecor gi wer e agai n acconpl i shed
Egﬂfygg?PEE%Fpﬁ$ﬁﬁépxhe tghggéﬂfth clean test 10 fue
Sulfgr:same gasol i ne descrigggxﬁﬂmﬁable 17 but with no
severe sul fur package added), then recording the
drai n sequence to an enpty tank |level. The fuel gauge
sending unit anal og recording data is summarized in
Table 18. The data shows that, in all four test
cases, an erratic fuel gauge sending unit signa
giving false fuel level indications on the vehicle's
fuel gauge is restored to 15 nornmal operating
condition by the use of one tankful of
pol y(oxyal kyl ene) am ne concentrate. On a trace
recordi ng, the greater the value of the AC coupl ed
RMS vol tage or the greater the val ue of the
maxi mum m ni nrum delta voltage, the nore corrupted is
the sending unit signal by surface contam nation.
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20 Tabl e 16: MY1998 Chevrol et Lum na Engi ne
Specifications Bore (nm: 89.0 Stroke (nm: 84.0

Di spl acenent (cnB): 3100 25 Conpression Ratio: 9.5 1
-29 Table 17: Base Regul ar Unl eaded Test Gasoli ne
Regul ar FI AM (ASTM D1319) Aromatics: 32.00 vol % 5
Oefins: 8.30 vol % Saturates: 59.70 vol % Unwashed

gUAble2t O Uy CH SeMad ehittBanlu ORPE Rt‘g%gg%let
.64 P

Oxi dat i ; M D86) :
3511 o Rere (Hbies A OMeRs iRl

Sul fur: 20 ppmiw -30 Table 18: Fuel Gauge Sendi ng Unit
[ Ln_Faour evrol et . Lum na , Vehicles Wth

oo Moo GrligS RRrHRID Nk AED Vo htse 1ot ng

Unit Anal og Voltage Trace Data SOT = Start of Test

EOT = End of _Test RVM5 (V) Reduction* Max/Mn Delta (V)
RefUcTibart of WeRl cl e 1 SOT 0.452 2.886 EOT 0.352 22.1%

1pefs- %@ndsc%’Test

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

Vehicle1 SOT 0452 2.886

EOQT 0.352 221% 1.248 56.8%
Veh_icle 2 SOT 0.451 3.062

EOT 0.368 18.4% 1.298 57.6%
Vehicle3 SOT 0.431 2.821

EOT 0.355 17.6% 1.361 51.8%
Vehicle4 SOT 0.461 2.747

EOT 0.3869 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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. Vehicle 2 SOT 0.451 3.062 EOT 0.368 18.4% 1.298 57. 6%

Vehicle 3 SOT 0.431 2,821 EOT 0.355 17.6% 1.361 51.8%
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
Wiadit ipelayraed yal kyl ene) ami ne concentrate by itself
restores erratically operating fuel gauge sending
units to normal operation. This 5 is surprising and
unexpected because traditional deposit control
additives or additive concentrates have never before

beeh showfuet! @oefﬁosﬁtdmmmpﬂfﬁﬂ?a(?fhéj@ﬁ adiour lof APdrRarbons
its on fuel gauge sending units

non-carﬁf aceo%ﬁ dg@gﬁ _ _ N
in a velUN Nfg9asrdne §e diesrkiangg mnmha fuel adsitivieraamposition
is: 1. Adnislsig@nposition conprising a major anmount of
hydrocarbons 5 boiling in the gasoline or diesel range

and a fuel additive conmposition conprising: a) at

navi ng_ At 2 Bast 2T bBaLpwelrl g ool @ aleat) Smine having
suf fici ent aneabesn®badie rﬁ%d@érkéﬁo?rlﬁ‘ﬁn&fn@ étﬁg{:jjgnf SMABE of

the pol y(oxyal kyl ene) am ne” sol ubl e | rocar bons
boi | i ng i noX¥adkyere Lnite terendies et polyedxyalitimneairainibg safuble in

| 10 aht . hi adi azol d_ 2.
The fuel coaaertost beiftly Bithg 0Bl SRl finge and

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

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.
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15 pol y(oxyal kyl ene) ami ne has a nol ecul ar weight in
the range of from about 500 to 10000. 3. The fuel
conmposition according to Caiml1, wherein said

pol y(oxyal kyl ene) am ne contains at |east about 5
oxyal kyl ene units. 20 4. The fuel conposition

acchr di nphé eudbcahiPobitionh@icerding @b @lalﬁph W%lﬂ' dyd ene)

am ne contajns at |east from a%out
oxyal kyl RHEaxakylenghaminerisea fJQb'I(Omalﬁmmet |mcnnoam|ne
according to Claim1, wherein said poly(oxyal kyl ene)
am ne contains at |east fromabout 10 to 100

oxyl kylﬁmfuﬂhlct)mpoﬁttlo'rﬁfm:cbttﬁh O OSIRT 71 Whe@etosidi ng

to d ai mcé e|n aid 30 p?y(oxyal kyl ene) ani ne
cont ai ns’ ¥(°IX¥3| YiePpHoReating ¢ 2 ydrcasy) mokyexmikylene)
units. -Adndamifte fuel conposition according to Caim

1 wherein said poly(oxyalkylene) anmne is a

pol y(oxyal kyl ene) nonoam ne. 8. The fuel conposition

m)no;i?nI 2@1% flie Cﬁ?ﬁpg%‘g\ﬁh@%rpgﬁﬁ"@ ?Q)&jﬂd[’k@ ( oxynatlhléyrlly%?gt):arbyl

nonoam rgouf of AR f bcaﬁﬁ?lpétﬂ Al

8, wherein fﬁhe hyd ryggar by gir/(tga(g k?%ﬁ% ﬂkﬂ% bﬁg%}:@hfﬂms
pol y( oxyEIRAbeKEY tasAcaeratoons.ai ns 10 from about 1
to 30 carbon atons. 10. The fuel conposition according

to daim9, wherein said hydrocarbyl group of said

h?/gﬂiacaﬂmd fu@bgmpmylabkﬁbeﬁﬂ)ng%ﬂgﬁﬂﬂn@ viferd said hydrocarbyl
a en
yip rgup %f sa:d 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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15 11. The fuel conposition according to O aim 10,
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
oxypropyl ene units or oxybutylene units or m xtures
thereof. 20 12. The fuel conposition according to
Clajm1l erein sai.d hydrocarby| poly(oxyal kyl ene)
noﬁ’!ag]m %Eh%”%lr?oﬁ?%ﬁt ording|tg Cdaipall kyhefady the thiadiazole
nonoanm Ng;miBbehE@| yl ene) noiety

contai ns ox%%utypgagmﬁ%?@%¥(ﬁgﬁﬁq'. The fue
conmposition according to Caim 12, wherein the alkyl
noi ety of said alkylphen%I group is tetrapropenyL -33
14. The fuel conposition ccordlﬁg to Caim1, wherein
the thiadi azole conpoundilhas thg general fornula: N
-N 1111 5 R3 - (9 x4 N\ (Y RQwherein x and y
are i ndependent IR Tt &Yers from abotidy T tR.8 and R3
and R4 are independently Hor C to C50 hydrocarbyl.
10 15. The fuel conposition according to C aim 14,

wher ei n wherth ¥ adtles areNHAOSSKERMIN Ynt
1to 2 and R3 and R4 are indepekdrér? Ff/é]ﬁléilrél@pﬁg&%énd Rs

hydr ocarif Rs 86 infiependentlycld mpdsi toi G haccocatbyly t o
Claim15, wherein xis 2, yis 1l R3 15is aC to
C20 hydrocarbyl group and isoners thereof, and R4 is

H. 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 C; to Cso hydrocarbyl.

16.  The fuel composition according to Ciaim 15, wherein X is 2,yis1, Ry

is a C1to Cyp hydrocarbyl group and isomers thereof, and Ry is H.

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
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17. The fuel conposition according to C aim 16,
wherein the hydrocarbyl group is alkyl. 20 18. The
fuel conposition according to Claim1, wherein the

t hi adi azole is al kyl thiothiadiazole or alkyl

di t hi ot hi adi azol e. 19. The fuel conposition according
to O ai nediBprisihg menajdrkendlitastirarb@arbbss BBiliag kY the gasoline or
di t hi ot hi.adi azol e. 25 20. A nethod of precluding

si | ver - b8e% rRNEP g4 yBied SAMPNS AN CAMPRYAY: sust ai ni ng
sul fur-rel ated corrosi on danage or restoring
silver-based fuel gauge sending units in gasoline or
di esel vehicle fuel storage tanks to |ike-new

operati onal_, conditjon, i d nethod conprising 30 _
oger at : n%’ 5’_1[ E%?é‘gpbh@ pBF‘? gif’ é‘_é?é?hté?fgq H@%ghq}’%ﬂﬁi)ﬂmlae having
fuel conpost lda@hone $hskOMRbLEh ;ég?rﬂ 4P & SufiRM hufiber of

hydrocarbons boiling in the“ga I ne or diesel range
and a fuel oxpasWEneiumits dompmdsari thg:pdy(axyalkylerasamadsoluble in
ppm by wei (oxyal kyl en am ne havin at

| east one %gég@%%%gg%ﬁn%{%h%gﬁf@%glﬂfdﬂ%ﬁeéﬁ{elrq hgeand
of  oxyabkyt raet 4Diphtn b9 werGiSlest 4 Rad1frye oK dirEne)
am ne soluble in hydrocarbons boiling in the gasoline
or diesel fuel range and b) at |east 10 ppm by wei ght

of a thiadiazole conpound. -35- A FUEL COWPOSI TI ON
FOR RECTI FYI NG FUEL GAUGE SENDI NG UNI T PROBLEMS
ABSTRACT OF THE DI SCLOSURE A uni que conbi nation of a
certain pol y(oxyal kyl ene) am ne and a thiadi azol e
conpound when enpl oyed as a fuel additive in a

hydr ocar bon fuel such as
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5 gasoline or diesel fuel will preclude fuel gauge
sending units fromsustaining sulfur-related corrosion
damage or restore fuel gauge sending units,

P?]K fﬁ%@? s;‘fg)Page tan&ﬁ%ﬁ%@%ﬁ%ﬁ %ﬁ%ﬁ‘m

condi tion. MreABSTRACTEORKHE WisehioSHRE use in
precluding fuel gauge sending units from sustaining
sul fur-rel ated corrosion damage or 10 restoring

Asihiv@e cBAmRthtionedf PedrEsn Wb?ga g@bﬁ% %rﬂkr%aér% LRiadiazole

di esel vehicle fuel sto
cepwount ovin ewpliyedas aifiel gdditzedorbiyirbiabonffual such as

SBEGI A AL L IER 130 5 B 20! Sopting
sulfur-related corrosion damage or restore fuel gauge sending units, particularly
silver-based fuel gauge sending units, in vehicle fue storage tanks to like-new
operational condition. Moreover, a method suitable for use in precluding 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-n\ew operational condition using the combination of a

certain poly(oxyalkylene) amine and a thiadiazole compound as a fuel additive
is also described.

-36-



