DETERGENT COWPRI SI NG THE REACTI ON PRODUCT AN AM NO
ALCOHOL, A HI GH MOLECULAR WEI GHT HYDROXY ARQVATI C
COVPOUND, AND AN ALDEHYDYE Field of the Disclosure
[ 0001] The present disclosure relates to a novel
reaction to create a Mannich reaction product and the
Manni ch product prepared fromthe reaction of an
am NnDEIRERGENT GOMRRISINGELHEREACSTION PFRODUCT AN AMINO
ar OMALCOROLD ALURIGH MO LEQUIA R AVBIGH T ATBEDROXY ATREIMATEC
a fuel additive ecMPOUND, ANDAN ALDEHYBYRg t he _
Manni ch base detergent, and benefits resulting from
the use of the Mannich base detergent in the sane.
Background of the Disclosure [0002] The use of Mannich
ViR off the Risdlegure

. conpounds is known. ! €products have
‘been for use as_ detergents in fuels
\I@&ﬁ?f JF‘% € PEgHTEL Pﬁ?é‘?ﬁ‘%e 6?181%'}0 2 s raactingio frgale a
&i (ngOSItS on engl(g onents. _ Conventi ognal _
cacHPpmredneiRRd b PWSW% PERATES oap Hl? geaction .

duce, 00 own _Man h reaction
%aaa‘%o Cgiﬁgﬁeh{ﬁgﬁleﬁgpﬁrﬂeéﬁht Bhammabscpxmprund, and

CORBBURI PR B Aeh 2 EFSBghis SHUaFec Foptign using the
GREIh e w%a‘%%%?é%ﬁa% B brB Rt 6] veRA dhaopeich

for db co ng a polylsobutyl substituted
qg Shit %%ﬁpound an al dehyde, an amino acid

or ester thereof, and an al kali netal base.

Background of the Disclosure

[0002] The use of Mannich compounds is known. Manmch reaction
- products have been taught for use as detergents in fuels. Non-volatile
| éonstifuénts of fuel, such as additives, form deposité on engine components.
' Conventional oil/fuel-soluble Mannic_h condensation products help to redﬁce
deposits. | | | |
[0003] Known Ma.nnich reaction products are made from the three-
component _r_eaction of an amin(:, an aldehyde and a hydrofcy aromatic
g compound. It- has been disclosed to create a Manmch condensation produ;:t
‘ from alk'ylphcnbls, aldehydes, and amines. Ma'nnicﬁ condensation _prodﬁcts |
can also be fdrmed by combining a po_l:y'i'sobuty‘l—sﬁb'stitute'd‘ hydrdxyarémétic
- compound, an aldehyde, an amino acid of ester théreof, .and an alkali metal

base.



1 [0004] A lubricity additive, as taught by U S

Patent No. 6,176,886, for wuse in |ow sulfur content,
m ddl e-distillate fuels, is known to be a fuel-soluble
reacti on product obtained by the reaction of a | ow

nol ecul ar wei ght al kyl - substituted hydroxyaromatic
conpound, an al dehyde, and an am no-al cohol. U. S.

Pat entjoblo4] 8, hB6icE3 GduRiREBE MuIHIART VY. Haechtes.85,178)886, for
reference Inits entirety. However, a | ow nol ecul ar

- Wekg bt 1dvaBRIfaN oot et Ghiddle-Uheihd ﬂiecps b8 kA owRORIbe a fuel-soluble
detergent. Therefore, the 886 reference itself -

S HgREBhSrea bl Hbtathdd ey tHERGLHOA oP hAeH Gholk &P treight atkyl-
that reference (a lubricity additive) with a Mannich

ConbensRéd BRIRI=QHHEhatOBRNnpehAG, 4d8ldef ?&& J 4 RA EMEb-alcohol.
of a high nmolecular weight al kyl-substituted

hyds 0Pat8hONBL b3 760880 KkraBy dldepyidee ARGketh b %fsé%ﬂ&qn its
(a detergent addltlve) I't |s bel i.eved t hat he | ow

MBh Bty AHMRIE e 106ABRBUEIAASH INBARRESSr A ct 1Y BleRight to be a
val ves or ot her engi ne conponents. Deposits or

NMpbEY deéterddndl THEfdor! tRE 386 rfeforbh® MUINLEdLeRi-OsHiEbind Lthe

| eft behind as a dep05|t in fuel injectors or on

i PéaRien Vb ASE taipht & PAHTRERHSnd @ALBERLS adfifive] WethSa Mannich
are known, the prior art does not disclose reaction

: p&&ﬁ’d&ﬁsaﬁﬁntﬂ}@du@f QTRMisihp\BOEQMon TH8ABCE & @h@ﬁﬁlloﬁrcular
deS| re to create new processes to prepare Manni ch

- ?ﬁ%&%&ﬁﬂ&dlm%%&ﬁﬁuﬁ RbEYolRACH: Qldeﬁy&@ afld a
pro ct as a detergent fuel

additive or additized

1 yelyahaney ablegnt SUMVRY s Befie S Ha 08 ETont ARARL A weight

accordance with the disclosure, there is disclosed
VB HoGth s © dbcdmbeNerBlinidké ORAGtd BYoMer cABRIN c{ﬂﬂli':csrt@lts.

~-conmpounds having the formulas (1), (I1), and

- WDepssitders ni-eériall ths: defe Q@é&ﬁ%ﬁefl\@ﬁﬁ\ﬁﬁ ‘product are left behind
' ‘asa depoéit in fuel injectors or on intake valves. While numerous treatments
- for fuels are known, the prior art does not disclose reaction prodﬁct of the
preéent invention. There is a need or desire to create new proé:esses to prepare

- Mannich products and/or to improve the perfoima.n:_:e of Such_a product as a

- detergent fuel additive or additized fuel formulation.

SUMMARY OF THE DISCLOSURE
[0005] In accordance with the disclosure, there is disclosed a Mannich
' ‘product formed by reacting or combining the 'compoun'ds‘having the formulas

{1}, (I}, and (III) where the formulas are defined as follows:



2H R R2 (I) RBRamOH NR5-CH (Il1) RSR7 O
(rrr) H wherein R = Hor Cl1-C4, R2 = Hor Cl-4,
such that at least one of Rl or RR is H R3= C35-Cl100
R4=H R5 = Cl1-C6, or another am no group, or a
hydroxyl group R6 = Cl-C6 or another am no group R7 =
Htt or anot her amino group or an al kyl Cl-C6 hydroxyl
group. R8 = branched anx straight chain, saturated or
unsaturated Cl-C20 3 [J0006] Further, there is also

di scl osed an addft ve --ckageRJncIudlng the reaction
product formed by res he conmpounds of fornul as
(1), (1), and (I addi ti ve package acts as a
detergent in a fuel ore, use of the additive
package wth a fuel [ [
I ncreases or better

O

Ry OH
~
N——Rg—CH
_ R‘s/ Re
am ' Rz
')

() | | H

‘wherein R1 =H or Cl—C4,
‘R2 =Hor C1-C4, such that at least one ole or R2 is H,
R3=' C35-C100
"R4=H
'R5 = C1-C6, or another énnno group, ér a hydroxyl group
R6 C1-C6 or-another amino group .
R7 H or another amino group or an alkyl C1-C6 hydroxyl group.

.. R8= = branched or stralght cha_m saturated or unsaturated C1-C20 -



mai ntains injector cleanliness, and the like relative

to a fuel without the additive. [0007] Further, there

is disclosed a fuel conposition conprising a mjor

amount of fuel and a m nor ampbunt of a Mannich

additive or reaction product prepared by the reaction

of conpounds having formulas (1), (Il1), and (11l). The

Manni dpoadjiFuither inerdes gisesislloded drhadditiet pabkage including the
anmount within the range of from about 10 ppm - 1000

ppeactiow prodatt foained Hynreanting xhepbmpoandd op fitmal29{), APMand
wwtreat rate for the additive is preferred. [0008]
FaIly.hEhe atifiitive paickagh aclsosed denegqadhediper Thers@sesuse of the
benefits of wusing a fuel additized with the reaction

paddiiivt phokagdwlih 2 At redacdstia tal@oniadesosixks, frﬁjr&.ﬁea%r better
(), (1), and (I11). This Mannich additive

uneipedteiljyctofl lenaiaess, iandathe kel rekitideposi gl amthout the

i ncreases or better maintains fuel injector

cheédiiveness and performance. relative to a fuel that

does not contain the reaction product. Arelatively

hi gh ripbezpFarthee] fate thdistlosed affaelntbohposititit cem$Lisidea major
reacti on product's detergency characteristics. [0009]
Adhiotin® b fucd bpecd miActamadvianbigdsaiich RddtiwCh0%dtBon product
wWll be set forth in part in the description which

f ptdpawsd banhé ecadtm deontgprneth yving faatulae (Ipf (i1, hexd (I11). The
di scl osure. The objects and advant ages of the

dveeintsh s éditive Imdyebd peednit 1€ dha fk] &t hai ZincuhywitBanshefange of
the el ements and conbi nati ons particularly pointed

- Oftbni abdliel pprINE@doo Ipgint /v B8d0tattt Ih Snk@xBfiple, a 30 ppm —
- understood that both the foregoing general description
afdo tpipen. fxghil Geatnried ébraiHeeti dB6E s [ﬂ%fdi?ﬂecﬁr e exenpl ary
and expl anatory only and
[0008] Further there are disclosed unexpected performance benefits of
usmg a fuel additized with the reaction product formed by reacting the
compounds of formulas (I}, (I1), an__d (Ilf). This Mannich additive unexpectedly
decreases intake valve deposits and incre_'ases or better maintains fuel injector
.clea_n'liness and performance relative to a fuel that does not contain the
reaction product A relatwely hlgh molecular weight cham was found to
' _‘mcrease the reaction product’s detergency charactensttcs
[0009] Additional ObjCCtS and advantages of the dlsclosure will be set
', forth in pa_ﬁ: in the descrlptlon which follows, and/ or can be learned by

' pracmc.e of the disclosure. The objects and advantages of the disclosure will be



are not restrictive of the disclosure, as clained.
DESCRI PTI ON OF THE EMBODI MENTS [ 0011] The Mannich
reacti on product taught herein is operable with a
fuel or fuel additive package to increase the
performance of a conmbustion engine and/or associ ated
conponents (intake valves, fuel injectors, and the

| ikfized Tha MBORES By REELd @Fthere@é}ﬂsﬁts' zﬁa@@éﬁbﬁ%o@é ﬁaE»tEcuzaﬂy

reaction of an am no al cohol, hi gh nol ecul ar wei

hyei:R%y 300 PR C a FMRdNdaing d an al dehyde. As opposed
t%ﬂ(or alternat?vely in ghdltlon to) the COOH groups

Lypi cqobyof auRde RutdesRFHNRaE Qgﬁpﬁﬁdﬁor%b%§ éfxg &3 2(%escription

i nvention contains an OH group on the

Taedrtﬁa%u&ﬁng Reifdd de%ch?h@ﬂ ded ckhp) Quifehlanatory only and |
detergent tha operates o decrease i nt ake val ve

daposbi festhiMRR) ofahd diibNGEERS Bt el | nj ect or

cl eanl i ness and performance. The hi gh nol ecul ar wei ght

hydr oxyaromati c conpound provi des det er gency

“characteristics bESURPTEARC OFOYREMBCDIMENTS | ONg
chai n/ hi gh nol ecul ar wei ght of the hydroxyaromatic

conpoUf@lih ThieeVianeimbtrcactign paubtct halgist héreirr Bagidrable with a

product resist deconposition on intake valves.

Theal of duel, adaliivarpsdiagalto dtdraatethe perfdrenfnleasf seeiinbiistion

the reaction product is "washed of f" the intake valve

asngihe anglot hsspgtedwompmnents (iltatayhlves hel wakvers, gl the
i.ncreased detergency characteristics al so provide

i Hpelovde Manpedt wractbe pnbduess obf4104@ byMakacaction of an amino

- specifically, the Mannich product  is fornmed by

r elkohphg lwigh rodebilai ngiglarhpeiraxs:rofmativechosoad @ and 9n aldehyde.
(1), and (I11) where the fornulas are
As opposed to (or alternatively in addition to) the COOH groups typically found
on the amine compound, the present invention contains an OH group on the
 amine.
[0012] The reaction product is intended for use ae a detergent that
.‘ ope:ates' to .dec;ease intake valve deposits (IVDs) and to increase fuel injector
~ cleanliness and performa_nce. The high molecular eveight hydroxyarofnatic
' eompound proﬁdes detergency characteristics to the reaction product. The
iong chain/ high‘ molecular Weight of the hydrexyarome.fjc compound in the
~ reaction product helps the reaction product resist decompesition on intake

- valves. Therefore, any material attached to the polar end of the reaction

- product is “washed off” the intake valve as the reaction product moves through



defined as follows: OH R R (1) R3 Ra,," OH N R6-CH
(I1'1') B R7T 0O (Ill) H wherein RL = Hor Cl-C4, R2 = H

or Cl-C4, such that at least one of Rl or R2 is H,

R3= C35-C10O R4 H6 R5 = Cl1-C6, or another am no

group, or a hydroxyl group R6 = CI-C6 or another

am no group R7 = H or another am no group or an alkyl
CthéOfalhy dThi yhergasapdeteREney bhanadiedstics slsb pir@Alle improved
chain, saturated or unsaturated C -C20. [0014] The

hitrdecry clenalinéssc conpound for use with the present

i nvention has a nol ecul ar wei ght of at |east about

- 500. Tb023] ahatispetifichilgthe MM @Gdh ProdabORifoRhEY b§@8acting or
detergency characteristics to the resulting reaction
peadbiting asmiostids $€ thd&irfivlas [1f} (1)) uRK@MPkBerel A formulas are
nmol ecul ar wei ght is between about 550 and about 1500.- _
Fdefimecaaplatlowisn yet anot her enbodi ment, the '

0
-

Ty e

. wherein R1 = H or C1-C4,

- R2=Hor Cl-C4, silch that at least one '6f R1 or R2 is H,
. R3=(35-C100

R4=H



hydroxy aromatic conpound m ght be a PIB-cresol with a
nmol ecul ar wei ght ranging from about 700 to about
1100. The detergency characteristics include, but are
not limted to, the reduction of intake valve deposits
and inproved injector cleanliness relative to a fue
that does not contain the reaction product. [0015] The
rRAELC DITH, SreabtigtLdino dtoQpLodh el ard:8d cpstgpdi ment, by
first adding an alkylate to a flask. An aromatic
SRb a1 -CoseiCahdtbeAeRIRd Efoul)0, is added to the
cont ai ner hol di ng the conponents. O her suitable
SRY & o8 adbtheraiinodbap 08 a8 alkyiot VRS hydARRT SRt el y
- 75% of the total caﬁ%ul%ted arg%atic sglégﬁfgﬁgﬁﬁdded
t R8 a6 ORNDBL Blraight chhirS sRAlfRked JNANSAARORANE B-&IE
stirred wunder a N2 blanket. N2 is set to
appr oxooedierNe hididy a2osahid.co d 10k @R RAD Y80 PHSsent
the specified amne is added. Tenperature wl|
NigwBididry hRe ai olebalafd Qveg@qt‘b"_{ AU LB EBOUSTHIS E‘élﬁti;réi? thigh
0

al dehyde is then added and the tenperature rises

| blslechrtweiStt SlogIRe Het@bshdiSchaBBterRticY k88 rdfBting reaction
‘am ne, and an al dehyde can be conbi ned at different

- opraditt, a8 Hidcidiad har@n Pe wielh e dhRaAsEH RS Rveight is between

. requested nole rations. In one exanple, the ratio is

* labouk 550 @lKkybaite1 SU0. Neorledamyplie in Toe agh#idr ahhodifeAl8he
exanple, is an ortho al kyl substituted hydroxyl :

- dfpiroky GrorhAOd ZdmEBGERd ¢aBRI BE A, PIBNGEEIPRA &l MbRcBBIr weight

B
point is increased to about 80 degrees Celsius where
i ftangidRbM {HutF0oUL a3k a 100, MHRUESreefty hatadR&iffos include
- the tenperature is set to 145 degrees Celsius in
- Ph@nakalot fniedd {d)€¢hs taidctRin ofdhididel Jatdd @FposiRi£tY improved
generally takes place about 30 m nutes |ater.

- Dinfdotdd @édrQiheso¢6ldtiSe & a FclliBat dBSE 866 cEBhl He r@R8on product.
for distillation, the N2 is set to

[0015] The reaction is conducted, in one preferred embodiment, by first .

?

- ‘adding an alkylate to a flask. An aromatic solvent, such as Aromatic 100, is
p ‘.“ added to the container holding the components. Other suitable solvents are

available (e.g.,itoluene). Approximately 75% of the total calculated aromatic

- solvent is added to the components at this point. The comp(')nents‘are stirred

= under a N2 blanket. N2z is set to approﬁxﬁately -1 to .2 SCFH.

. loo1g] When homogenous, the specified amine is added. Temperature
L will 'ndrmélly be in the .40 to 45 deg;ees Celsius range. The aldehyde is then

' added and the temperature r_ises to bout 45 to 50 degrees Celsius. The

alkylate, the amine, and an aldehyde can be combined at different quantities



approximately.5 SCFH. [0018] The tenperature is

mai nt ai ned at 145 degrees Celsius for another 2 to

2.5 hours. After distillation, the total weight of the
product i-n the container determ nes the anount of
addi ti onal solvent needed to bring the final package
conmposition to 25% sol vent: [0019] The al kylate can

Cibap i e preotiBRFmsndd Bied] fp@hrélestid MolWRitAk. In one example,
conponents such as, and wthout limtation, a

RhB-ratiegoll; 1: PldBapheaelamiie: dichydel. Kehe di9TRe dhorRl §@mple, is
numer ous suitabl e am no-al cohol's. The am no-al coho

nay oltfio dligyl stktphRd Rdesierdmatipr opanedi-ol ,
3-anino- 1, 2- propanedi ol , et hanol am ne and _

di et hpowl ANDREe cbR®AMd, The tahgahydr: édt pdift khBcR%8EPEabout
di scussed. above, fornmal dehyde. Other representative

- dolebydes CeBiudiGhetditlif e RPALALE 80 t8f60 Aehulek It that point,
nol ecul ar wei ght Manni ch product include other

alhis pmiple £2 talr €l eyt as lﬂﬁcclb(%r@é’a o8ieh & ide¥B8ration of the start of
pr opi onal dehyde, butyral dehyde, val eral dehyde,

cHprikaidit Wisieh deaptalydalysplacaRbost 80M3IHRBY URer. Distillation
Aromati c al dehydes are 8 suitable as well, including,

fruexanph a.0shenzad debivies, and, &2l dislalALMMES, is set to

~Illustrative heterocyclic al dehydes- for use herein are

fapdrotiadatagdstdiphene  al dehyde, and the |ike
‘For mél dehyde- produci ng reagents such as

par af proms]dehy danpéradeieas Ysaihesinal de hﬁ@@iﬁ@é&t‘{t&%a for
e

~-such as formalin could be used. [0021] n

fatomdee it61 Q.3 heuad Qiftdr zRstilfat®hn, @he f4t8 w@%ﬁp @stid PRbduct in the
the Mannich additive, with or w thout other

ailitdin¥e determidieyAtotit SM@ITBERA! solvent needed to bring the final
package composition to 25% solvent. .

[0019] The alkylate can comprise other suitable high molecular weight

components such as, and With(.)ut'limitation, a PIB-cresol, PIB-phenol, or the

:' . _' like. There are also numerous suitable amino-alcohols. The amino-alcohol

- may be_, for example, 2-arnino-1,3-propanediol, S—aminovl,an.ropanediol,
" ethanolamine and diethanolaminé.
t0020] The aldehjrde is, in the example discussed. above,
: formaldehyde. Other repré‘sentative-aldehydes fof.ﬁse 1n the prép_araﬁon of tﬁe
'V-hi'gh mb_lécﬁlar'weiglht Mannich pfoduct- include other ajiphatic aldehydes such-
'. as acetaldehyde, propionaldehyde, butyraldehyde, valeraldehyde,

caproaldéhyde, 'heptaldehyde, and Stearaldch_ydf:. Aromatic aldehydes are



effective to decrease |IVDs or to increase or better

mai ntain fuel injector <cleanliness relative to a fue
that does not contain the additive. Generally
speaki ng, an additized fuel would include the Mannich
additive in an anount wthin the range of from about
10 ppm - 1000 ppmw w. In one exanple, a 30 ppm- 500

pRbtadNG S el ifdbeinkOfortdramldi Hdns81IRY AP Bnl $8Heylaldehyde.
[0022] The fuel conposition with the reaction product

- aftubtratipe aseRtbeydin \W@ddHydes feYusORtRiMNaf! filRRithPhA® hiophene
W th supplenental additives, such as |lubricity

aﬂdéﬂydé?&nd%%ﬂ%sFﬁhﬁaldéﬁjr@élﬁrécm&i@ eSageftNQlich as
~ detergents, antioxidants, carrier f UIé% and the

| pas@forieddIgaetdraread wméaaeﬁ;t& RIOESAS sub¥e ‘%r’n%ﬂin could
shoul d not adversely inpact upon the activity of these
Mdwsed.addi tives. Further, a fuel or additive package
contai ning the reaction product shoul d not

det ri joow Bl Wheh Toastiatig 160 EAHS A0 Tubl OPRE! t&Rpslitan, the
fuel [0023] As used ‘herein, the term "am no aFcoho

anaFhnaditt e, GXyh of QBRI Gtherﬂz[&cﬁﬁs‘iesewéxﬁ?ﬁ:ly)éd $h %%Qnount
othermnse means a conpound cont ai ni ng

| 2RBtiveO BE B reaBd WIS 05 BLRRERIY R Beb@r %E‘Qn(dlh)fu&tm e%ﬁﬁi
-one hydroxyl group. It is therefore contenplated and

idedriiirds helative té Bahelonat db¥Onsf cdMht) 1 AAifife IGRHES:Iy
can be present on the structure (lIl).in addition. to

| . tdpeakitg, @b admtifdi@l @¥Mld BIcAURSEhe N8N SichULddifise {d Ad alnount

~can be an am nated glycol or am nated polyol. [0024]

Rriepiar @d 15a8p o srohadBolernppRal Y260 ;@m“%b M $I?éje§sﬁnple a30
engine testing: 1. IVD Bench Test .
- ppm ~ 500 ppm w/w treat rate for the additive may be used.
[0022] The fuel composition with the reaction product of the present
invention may contain or be joined with supplemental additives, such as

lubricity additives, dispersants, cetane improves, other detergents,

antioxidarits carrier ﬂuids and the like. The reaction product of the present

~ invention should not adversely 1mpact upon the activity of these other

‘ addltlves Further, a fuel or additive package containing the reactmn product
should not detrimezitally impact the combustion propefties of a fuel. .
[0023] -As used herein, the term "amino alcohol" or ,“a_mino' hydroxy
‘ 'compound’? unless expressly stated otherwise, means a cémpound con’taining
_ both 3] at least one pnmary or secondary amine and (i} at least one hydroxyl

group It is therefore contemplated and included herein that one, two or more



This test is to qualify additive effectiveness on
reduci ng i ntake val ve deposit. The additive is added
to a base fuel (European reference fuel) at a

speci fied dosage rate.. The test is to simulate the
| VD deposition (IVD Sinmulator, Mdel L-2. Chinese
Pat ent No. ZL03261710.0). 300 ml of additized fuel is

. Al d
il BRI ] B g2y Pﬁﬁ%ﬁ%ﬁ%ﬂ@@?ﬁ a%‘h%”gﬁoi?ﬁfot&%ﬁr
| | (" At 1% t
morgph PR . “HRP AR MR b B %%iﬁ%qafﬂ?%%%% or e
7

. . t the test. Each test |asts about .
anuﬁg%gﬁggﬁhDosage Base Additive rate Deposit Test #

PI Euel de Additive code PP Eurape., . 236 20
 dPORAE sty S Radt Bidd YRafO8EART SEBHRERY o5 Riptie
testd 6005192 Met h oet hanoi Mahni ch A-100 #281879-B 300

-1 Europe 253 11 Ref R06005192 Meth thanol Mannich

frAj%nggﬁgéggégB 200. 2.3 Europe Methyl am noet hano

Manni € 29 Ref R06005192 2400 #281885-A 300 0.2
L TN R
~ The additive is added to a base fuel (European reference fuel) at a specified
. . dosage rate. ‘The_t.:est is to simulatel the IVD deposiﬁon_(IVD Simulator, Model
" L-2. Chinese Patent No. ZL03261710.0). 300 ml of additized: fuel is used for the
test. The fuel and air flow are metered through a flow meter to an injector. The
mixture of air and fuel is Sprayi.r;g against a heated metal plate at around 174
°C.l The metal plate is weighted before and after the test. Each test lasts about

70 minutes.

Dosage
. . ' Base : Additive rate | Deposit
Test # | Plate # | fuel Fuel code Additive cade {PPMV]) - {mg}
Europe. .. ‘
236 20 Ref R06005192 | none : none __none 15.0
Europe . o . . : : '
252 16 Ref RO6005192 | Methylaminoethanol Mannich /A-100 #281879-B | . 300 1.1
- { Burepe . . . :
253 11 Ref RO6005192 | Methylaminoethanol Mannich/A-100 | #281879-B | 200 : 231
. ) | Europe . . Methylaminoethanol Mannich /AC- ‘ ’
285 29 ' Ref ROGGOS192 | 2400 ] . #281885-A 300 0.2
Europe - Methylaminoethanol Mannich fAC- - | ]
261 18 Ref RO6005192 | 2400/A-100 . GARIISLOL 200 3.7
Table 1

10




“ required by the nethod, New Ho

As denonstrated in Table 1 above, a Mannich detergent
or dispersant in accordance with the teachings herein
showed substantial |VD reduction as conpared with the
unaddi ti zed fuel. 2. PFl Rig Test This test is to
determ ne the effectiveness of additives keeping fue
injector clean. It follows a nodified standard test

ABQQ%QH&Q&&@I M@é 842dve, mélﬁﬁ&g tergetl HHiSferddNe GEL OF S

a |nJectors are used
ab&rabdteSwifRER.- teéEﬁ&IgsME&ﬁ ENGwel RdstBitiELRID £adetion as
Additive Code rate 1 2 3 4 176 805005977 Base fue
chmparedorith §e8mbOdiZiz&] @edd7.5 19.7 80 191 R06005977
2- Met hoet hanol - Manni ch in 50%A- 100 6281879-B th 19. 3
"5.7 1.9 6.7 - -8.4 Methylam noetlianol Mnnieh / :
AC- 2400/ A- 100 80 195 806005977 8230162-1 GAR115L01 th
18- FFiRgTesd g 4 12. 6 N@thylan1noethano| Manni ch /

C- 2400/A 00 .20 5977 11230162- 1
i%‘ﬁéﬂdgt y 10° 8‘“‘9“' Ct}"eﬁ‘eis ‘?%%31%8%%@2‘% ‘&Je&?‘”dent
cfegﬂr@ttfasvws%%mﬁeeﬁ&%araf;slgz%c%dam ATHRPELA . hﬁ%ﬂ &N

products I n accordance wt he present 1 nvention are

. G a&tihjeerotdi@buirey BEHRIMEhSANEWSHon®: infRidds 3redksclngi ne
Test This is a standard test (ASTM D-6201) to -

. tiigtcesari ne fuel additive on IVD deposit.

| Test . Additive | Treat ] ‘ 3
£ Fuel Code | Additive Code |- rate 1 2 g 4 |AeER
) 176 | R0S005977 | Base fuel . : - | none none 9,8 16.2 ) 52| 475 | 19.7
. - : B . 1.
191 | ROG00S977 2-Methylaminoethangl Mannich in. 50% A-100 #281879-B | ptb 19.3 571 19 67| 84
Methylaminoethianol Maanich 7 AC-2400/A- 100 - B0 '
195 | ROGOOSITY [#230162-1 GARI115LO1 | pth 154 1.4 22 84| 12.6
Methylaminoethanol Mannich / AC—2400/A—100 : 200 T . 16.1 -
201 | ROGOOSYTT 1#230162 -1 i GARI115L01 | ppmv 10.9 4 9.9 71.91]11.7
Table 2

" As is evident from the results shown in Table 2, a Mannich reaction products

in ‘accordance with the present invention are effective fuel injector cleaners.

3. Ford 2.3L Engine Test

- 'I‘l:}-is."is a standard test (ASTM_ D-6201} to determine fuel additive on TVD

o _deposit, *

11



11 Test

# Fuel

Code Additive Code Dosage |VD
DA115- 241 000021921. 01 none none
2- met hyl am noet hanol
00002192LA 2400 219931-2 tb 196.
000021921. 01 H 6410/ AC- 2400 93.7

non
Manni ch/ AC-

e 850.6

93.7 0AL15- 260
2 0A115- 261
211987 ptb 145

cycle length of 76 mles) using a standard 1997 Dodge

ARt deindtradedh TaHIO3, ¥ RRrflith FlRtiod $3badet iR Bl 4o I im
Addi tive Code Dosage

the teaching herein showed substantial IVD reduction as compared with the

“unadditized fuel.

4. . Intrepid Vehicle Test

. Vehicle test on additive IVD reduction effectiveness. Mileage accumulation is

DA115- 228 990002061. 01 none none none 514.1

Ze0F 1 NY Fald.ROET RgRo! Venmi thr AC— 93777 DAt 155238 —

3966k D obobicd 4. 211956-2 pth 397 [ U3 ALTS=220 2506

%gggggog%mg%wﬁ-gﬂ@@hﬁ@k@¢@®m@iwaﬂo pf b 56 Borablle 37AS 1062

denonstTated 1 p-tabte—3,—a Manni-eh—reactroniproquet—in :

ROEHRY 2 pRoe2IaRior hH-eqipyacesemchi ng her e nl Sivenedps 145
- 1AM S-228 1 P00 /Drpeduct i on-.as compar ejdowi t h | hdae . 514.1

wraslshi { ool Lsbo 4. Tt T eprd Vehi o gigest oyehilcl e 297

oRAL @M ollelol Y Reh YR bgguct i on effecl]veneser Mireage—

accumul att on TS generdateapy a rour=cycre teSst

perforned at an. average spggfiof 45.7 MPHwWith a

generated by a four-cycle test performed at an average speed of 45.7 MPH with

. a cycle length of 76 miles) using a standard 1997 Dodge Intrepid, 3.3L, V-6.

. Vehicle

c WD,
) Test # D Fuel Code | Additive Code Dosage myg
’ 69 | 7D12 R0O4004651 | none none none 648.0
] 2-methylaminoethanol )
82 | 7TD12 R04006588 | Mannich/AC-2400 GAR1151L01 | 28.8 pthb solids 5.8
78 | TD12 R04006588 | HR-6410/AC-2400 GAR115J01 { 28.8 ptb solids 1.8

Table 4 _

Taﬁle 4 demonstrates that a Mannich produet as taught.in one embodiment of

- the present invention provides excellent IVD performance.

[0025] In examining the tables, fuel codes R04004651 and R0O4006588

 are identical fuels taken from different fuel batches. AC-2400 is a commercial
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m 69 7D12 R04004651 none none none 648.0

2- nmet hyl am noet hanol 82 7D12 R04006588 Manni ch AC- 2400
GAR1151.01 28.8 tb solids 5.8 78 7D12 R04006588

HR- 6410 AC- 2400 GAR115J01 28.8 pth solids 1.8 Table 4
Tabl e 4 denonstrates that a Mannich product as taught

in one enbodi nent of the present invention provides

- epioeiuce MM CTADLPAR? OF 0400 dronh BRR5L., Al IOEXAFoRidtE tdesolvent. H-
tabl es, fuel codes R04004651 and R04006588 are

| §e10 iscabofmedrsial aketudtifoom diffoheCBerhidaliel bat ches.

‘AC-2400 is a commercial 12 product "ACTACLEAR' TM

2400 T[IDMG]BH_ME tatid\rdflsi ¥ By @pahdqiif Qighe by e @né‘bmbodlment
‘6410 is a commercial product from Afton Cheni cal .

[ DQ2ED.SThin amdther eengpk, Ghe (:dwt)‘xpo(:hﬂé oI (i), b} ([II)EH}E supplied -
be, in one enbodiment, 1:2.5:2.5. In another exanple,
timethequapios o $: 208, ([ﬂl)yf:t fhdther aﬂﬂmbld lthe 24t@o s£HHY thege 1N

the ratios of 1:2:2. In yet another exanple, the ratio
oforpendits &€ 1: 1cDNIhesI6:S, esachplshf proereHatEos eXAFPiem 1:1-
of preferred ratios range from1l:1- 2.5:1-2.5 for the
CRSPORENTE the kormpohkntsad ()l bhd (1) 0028] This invention

IS susceptible to considerable variation in its

pr act [@E28]TiiaE @heiicnhie shet€ihiego desSlERIOPadiStidOIn its
intended. to limt, and should not be construed as

| prigicticel Thetréford thwelkd@ing Geddiptivay irtliafended to limit, and
exenplifications presented herei nabove. Rather, what

- ishduM ended constracd @ \l@nieithg] theamvestion 66 tihe partldwar
~ensuing clains and the equival ents thereof

- exemplifications presented hereinabove. Rather, what is intended to be

covered is as set forth in the ensuing claims and the equivalents thereof

permitted as a matter of law.

13



permtted as a matter of law. 13 WHAT IS CLAIMED | S:

1. A fuel detergent conprising the reaction product of

reacting at |east the conponents (a) a high nol ecul ar

wei ght hydr oxyaromati c conmpound, (b) an al dehyde and

(c) an am no hydroxy conpound. 2. The fuel detergent

‘of claim1, wherein the conponents are present in the

ratio of 1:1:1, respectively. 3. The fuel detergent of

c VAHAT 1S GIdMEThI13:he hydroxy aromatic conpound is

selected fromthe group consisting of phenols and

cresol . 4A Mskdeigegendcoamnyising gic rdaghian prodhet «f neattinmg at

al dehyde is selected from the group consisting of

f &avhitae RyaeoneRista) 3l bighimolgsidasi weightibhgrpeyaromatic compound,

- but yral dehyde, -val eral dehyde, caproal dehyde,

héptan aldshide anddo) ant amingd Wedrpae comparaddehyde,

- salicyl al dehyde, furfural, thiophene al dehyde, and
f or mal #ehy deedrolairieignt ehgjainsl, whveeip thkeomponents are present
- formal dehyde-producing regent is selected fromthe
gid e s8iseiktilng respashirelyor mal dehyde and formalin. 5.

Thé fuel detergent of claim1, wherein the amno -

“hydrox$- ¢ o%igméi dptergasited clains towhetein thy bygroxy aromatic
consi sting of a canmpound containing both (i) at |east
ofeMPPHRL Ay selectsd desnadhy geaimeonsisting of plagndleast apesols.

- hydr oxyl roup 6. The fuel detergent of claim1l, -
wher ei‘hr t hdhpifgel dederent af claion ghwhensidrtbg ypldehyietis selected from
conpound -has_a nol ecul ar wei ght greater than 500 7.
THeE gineip erasistgem! formeldghydes acatedddivdet heopipgdddehyde,
nmol ecul ar wei ght _ _ _

. butyraldehyde, valeraldehyde, caproaldehyde, heptaldehyde, and

stearaldehyde, benzaldehyde, salicylaldehyde, furfural, thiophené aldehyde, |
and formaldéhyde-producing reagents, where the fonna.ldehyde;producing
regent is seleétéd ffom the gfoup consisting of paraforfnaldehyde and formalin.
| S. The fuel detergent of claim 1, whereinlthe arﬁino hydroxy
| Acompound is selected from the group consisting of a compound containing
' both {i} at least one primary or .seclonda_ry amine and (ii) at leaét one hydfoxyl
group.
o 6 The fuel detergent of claim: 1, wheréin the high molecular weight -
hydroxy aromatic compound has a molecular Weight greater than 500.
7. . The fuel detergent of claim 6, wherein the high molecular weight
Coe hjrdrd};y aromatic compound is a‘f’IB~cresol, thé PIB—cresoi having a_molecular

. weight of about 700 to about 1100.
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hydroxy aromatic conpound is a PlIB-cresol, the

Pl B-cresol having a nol ecular weight of about 700 to
about 1100. 14 8. A fuel conprising the reaction
product of claim1l. 9. The fuel of claima8, wherein
the use of the additized fuel reduces intake valve
deposits relative to use of a fuel wthout the

reactign prodwdicom iné\ﬂ{é@acagﬂix&b&@ctccﬁ%ﬁ%hﬁg the
reaction product of claim1. 11. reaction process

conpr i 8j ng Thadelengf ARirR 18K WiRt&ntthe disk lofbke aB8RMES M reduces
an aromati c solvent to the flask; stirring contents o?

f liasikeatRrdepoids RtRRkE e ub i
SéFH;eaddinéﬁgh Znine; %gh?ﬁgggﬁﬁgﬁggﬁngEQkﬁg%g%gnﬁkwt

the al kg at@m@ﬁhﬁﬁ&&%ﬂi&ﬁﬁ% dee ALRHBA PbASS dfifm 1.

~ratio or about 1:1:1, respectively and wherein the

al kyl ale i & feaRtiBh JrtQEWoddpIghght ortho  al kyl
substituted hydroxyl aromatic. 12. The process of

cl ai m dddink Wit NEY1E0MPA IfRLRY the step of distilling
the contents of the flask under a N2 bl anket, the N2 °

bl ankeprovafing analetiatichol Gkl tdfladiie process of
~cllaim 12, further conprising the step of providing

addi t | @Rdnes@ntemts drelakRWMHG s LhE, §1taﬁ12<|eé2fﬂ19 S teket LRALAAR 1 to .2

‘the step of -adding the additional solvent bringing
~tleemesul ting conposition to about 25% sol vent.

adding an amine;
| adding an aldehyde;
| wherein the alkylate, amine and aldehyde are provided in a ratio or about
D 1:1: 1, respectively and wherein the alkylafe is a high molecular weight ortho
alkyl substituted hydfo?:jd‘aroma’tic. |
. 12.  The process pf claim 11, further comprising the step of distilling
‘the ’cdn"tents of the'ﬂask uﬁdef a N2 blanket, the N3 blanket set to about .5
SCFH. | |
| 13. The process of cIaiﬁi 12, fu;ther comprising the step of providing
‘additionai solvent following the step of distillation, the st;ep of .a;dding the
. additional s_olvg‘ant:bringing the resulting éomposiﬁon to about 25% solvent.
| 14, The procéss of clai.xﬁ‘_l 1, wherein the amiﬁe is an amino alcohol,
' the amino alCoﬁol selected from the group éomprising 2—arnino—1,3-

_propanediol, 3~amin6~1,2~pr0panediol, ethanola.lﬁine and diethanolamine.

15



14. The process of claim1l, wherein the amne is an
am no al cohol, the am no al cohol selected fromthe
group conprising 2-am no-1, 3- propanediol,

3-am no-1, 2- propanedi ol , ethanol am ne and

di et hanol am ne. 15 15, The process of claim 11 herein
the al dehyde is selected fromthe group consisting of

f or mal dehyde praegt ak dekbvde, h&%ﬁpﬂ%‘@d@ﬁwg% selected from the
buyraldehyde val er al dehyde, caproal dehy

o8 |L§Jyl al dﬁﬁixgd‘zm?ﬁ‘%fﬁﬁlg{ig e%%%g%%}?ﬁgn B a‘q ﬁ%@ghy Vit

f spRligaiyde vRiceduenng Eﬁﬁﬂﬁﬂieﬁ AWhRES Al gly%le and %tearaldehyde,
f or mal defyde- produ0|ng regent selecte romthe _ _
| gb&%l&a@%éwwmﬁem@mm%ﬁaﬁ%wdéﬂw?'ahﬁ 16

formaldehyde-producing reagents, where the formaldehyde-producing regent is

selected from the group consisting of paraformaldehyde and formalin
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