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(57)  The present invention relates to a method for
controlling deposit formation on intake valves while si-
multaneously exhibiting "no-harm" on combustion
chamber deposits in engines by combusting in the en-
gine a fuel composition containing an ethanol content

greater than about 5% by volume and a Mannich-base
detergent additive. The invention also relates to a high
ethanol-content gasoline fuel containing a Mannich-
base detergent in an amount effective for improving the
reduction of intake valve deposits resulting from the
combustion in an engine of the fuel.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
controlling deposit formation on intake valves and com-
bustion chambers in engines by combusting in the en-
gine a fuel composition having a high ethanol content
and a detergent additive. The invention also relates to
a high ethanol content fuel containing a detergent in an
amount effective for improving the reduction in valve de-
posits resulting from the combustion of the fuel.

BACKGROUND OF THE INVENTION

[0002] Additives for gasoline used in vehicles have
been used for many years to improve the performance
of the vehicle, reduce the emissions from the combus-
tion of the fuel, and modify the physical and chemical
properties of the fuel. One additive that has been used
for many years is ethanol, or ethyl alcohol, and other
oxygenates. However, the use of ethanol in a gasoline
combusted in an internal combustion engine is well
known to create harmful and undesirable deposits on
the fuel intake valves of the engine.

[0003] Additives used in gasoline/ethanol fuel mix-
tures in internal combustion engines can reduce the for-
mation of these intake valve deposits (IVD), but such
remediation typically shifts the problem to the combus-
tion chamber, where unacceptable combustion cham-
ber deposits (CCD) are then formed.

[0004] Thus, what is needed is an additive which,
when added to a gasoline/ethanol fuel mixture for com-
bustion in an internal combustion engine, will upon com-
bustion exhibit in the engine a significant reduction in
IVD, and simultaneously a reduction or at least a "no-
harm" on CCD in the engine.

DETAILED DESCRIPTION OF THE INVENTION

[0005] The presentinvention is directed to the reduc-
tion of engine deposits formed as a result of the com-
bustion of fuels in the engine. Engine deposits include
intake valve deposits (IVD) and combustion chamber
deposits (CCD). Historically, a reduction of IVD meant
an increase in CCD. The present invention includes a
method for reducing all engine deposits (especially IVD)
by combusting a fuel having a high concentration of an
oxygenate and a detergent-containing fuel additive. In
one embodiment, the oxygenate in the fuel is ethanol,
and the detergent is Mannich-based. It has also been
discovered that increasing the amount of oxygenate in-
creases the conductivity of the fuel. Itis postulated, with-
out limitation to this theory, that the increase in conduc-
tivity, in combination with the addition of a detergent,
more effectively reduces engine deposits. Good results
are obtained in one embodiment when the conductivity
of the fuel is in excess of about 1 x 103 nS/m.
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[0006] By "fuel" or "gasoline" herein is meant a fuel
containing hydrocarbons boiling in the gasoline boiling
point range of from 80°C to 450°C, and in one example
from about 90°C to about 400°C.

[0007] By "high oxygenate content" herein is meant
an amount of oxygenate in the fuel of at least about 5
volume percent, preferably at least about 20 volume
percent, and most preferably at least about 24 volume
percent. A common oxygenate that may be used is eth-
anol. In one example, the ethanol content in the hydro-
carbonaceous fuel is about 24 volume percent and in
other examples, the ethanol content is about 25, 50 and
75 volume percent in the fuel. There is no known upper
limit on the ethanol (or any oxygenate) content in a fuel
which will benefit from the present invention, but ethanol
contents above about 80 volume percent, while not out-
side the scope of the invention, may have certain unde-
sired effects.

[0008] The "intake valves" and "combustion cham-
bers" referred to herein describe these conventional
parts and portions of an internal combustion engine. In
one example, the particular type of internal combustion
engine that may benefit from the methods and compo-
sitions herein may be direct-injection gasoline, spark-
ignited engines. And by further example, supercharged
and turbocharged types of direct-injection gasoline,
spark-ignited engines will especially benefit from the
methods and compositions herein. These terms are
used as they are conventionally and customarily known
to those of skill in the art.

[0009] By "detergent" or "detergent additive" herein is
meant any detergent additive included in a gasoline per-
formance additive package known to those of skill in the
art. The detergent is preferably a Mannich-base deter-
gent, or a Mannich-base polyisobutylene cresol deter-
gent, or a mixture thereof. By "Mannich-base detergent”
herein is meant the product from the reaction or combi-
nation of a hydroxyaromatic compound, an aldehyde or
precursor thereof, and an amine. By "hydroxyaromatic"
herein is meant a phenol, a substituted phenol, a cresol,
an alkylsubstituted cresol, a polyalkylene cresol, a poly-
alkylene phenol. In one example, the hydroxyaromatic
compound is a polyisobutylene-substituted cresol, the
aldehyde is formaldehyde, and the amine is selected
from the group consisting of propylenediamine (PDA),
diethylenetriamine (DETA), triethylenetetramine
(TETA), tetraethylenepentamine (TEPA), and pentaeth-
ylenehexamine (PEHA).

[0010] According to an embodiment of the present in-
vention it has been surprisingly discovered that the com-
bination of a Mannich-base detergent fuel additive in a
gasoline fuel having a high ethanol content greater than
about 5%, and especially greater than about 24% by vol-
ume results in an unexpected reduction in the amount
of deposit formed on the intake valves of an internal
combustion engine while the formation of combustion
chamber deposits is not increased relative to the
amount of combustion chamber deposits formed from



3 EP 1 506 992 A1 4

the combustion in the engine of the same fuel and eth-
anol without the addition of the detergent additive.
[0011] More specifically, itis seen that the ethanol and
Mannich-base detergent work synergistically to control
the formation of deposits, without a negative impact on
combustion chamber deposits. Intake valve deposits
are reduced and combustion chamber deposits are not
increased when the Mannich-base detergent additive is
used with ethanol (> 5% by volume) in the fuel.

[0012] Figure 1 illustrates the effect of using a Man-
nich-base detergent additive HITEC® 6421 Detergent
Additive in a gasoline having 24-volume percent etha-
nol. The detergent in HITEC® 6421 is a Mannich-base
detergent (HITEC® 6410, available from Ethyl Corpora-
tion). The results show that without ethanol or the Man-
nich-base detergent, the base fuel produced about
545.8 milligrams of intake valve deposits in a Ford 2.3
liter engine when tested according to ASTM D6201. The
combustion of a comparable base fuel with 24 volume
percent ethanol but no Mannich-base detergent actually
resultedin anincrease in intake valve deposits, resulting
in about 630.5 milligrams of deposit. However, as the
Mannich-base detergent was added at levels of 50, 65
and 80.9 pounds per thousand barrels, the amount of
IVD measured dropped off dramatically to levels of less
than 34 milligrams.

[0013] HITEC® 6410 Detergent Additive is prepared
according to the teaching of U.S. Patent Number
5,725,612, which is incorporated herein by reference in
its entirety.

[0014] HITEC® 6421 is prepared according to the
teaching of U.S. Patent Number 6,048,373 which is in-
corporated herein by reference in its entirety.

[0015] A useful fuel additive herein contains:

Component Name Wt%
Mannich detergent 40.0
solvent 30.0
alkyl alcohol 3.0
demulsifier 0.5
polyether polyol 13.0
polybutylene polymer 13.0
carboxylic acid in solvent 0.5
Total 100.0

[0016] Figure 2 shows the effect of high ethanol con-

tent (24% by volume) with Mannich detergent additive
on the combustion chamber deposits when studied in
ASTM D6201 in a Ford 2.3 liter engine. The Mannich
detergent used in the results of Figure 2 was HITEC®
6410 Detergent Additive. As Figure 2 shows, the addi-
tion of the Mannich detergent supplied as HITEC® 6421
in gasoline fuel without ethanol caused a steady in-
crease in combustion chamber deposit formation as the
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detergent treat rate increased. According to the inven-
tion, the rate of deposit formation increases at a slower
rate with ethanol present, and in fact, the rate goes down
at 65 to 80.9 pounds per thousand barrel (PTB) treat
rate. Figures 3 and 4 show similar results in an alternate
fuel.

CCD Results

[0017] The fuel samples with both detergent and 24
volume percent ethanol, as shown in Figure 2, the com-
bustion chamber deposit formation rate from the com-
bustion stayed steady or declined as the PTB treat rate
increased. This desirable combination of reduced intake
valve deposits (see Figure 1) with "no-harm" and even
reduction on combustion chamber deposit formation is
unexpected based on prior use of ethanol in gasoline.
[0018] The interaction of fuel conductivity and engine
deposits is demonstrated in Figure 5. In that Figure, it is
seen that fuels having relatively higher conductivity ex-
hibit relatively lower amounts of engine deposits such
as IVD and CCD. As seen in Figure 5, the conductivity
is related, atleastin part, to the amount of ethanol blend-
ed with the fuel. In each sample without ethanol, the con-
ductivity of the fuel is less than one nS/m. (As measured
by ASTM Test D2624-02, "Standard Test Methods for
Electrical Conductivity of Aviation and Distillate Fuels").
For each fuel that contains about 5% or more of ethanol,
the conductivity increases to more than one nS/m. In
another embodiment, a method is provided where a fuel
with ethanol has a conductivity greater than about 100
nS/m. Significantly, in another embodiment, the fuels
containing 24% or 25% ethanol display conductivities in
excess of 1000 nS/m. Thus, fuels having low conductiv-
ity (less than one nS/m) resultin increased deposits over
the combustion of those same fuels that have conduc-
tivity much greater than one nS/m.

[0019] Figure 6 shows the fuel analysis for the fuels
depicted in Figures 1-4.

[0020] It is to be understood that the reactants and
components referred to by chemical name anywhere in
the specification or claims hereof, whether referred to in
the singular or plural, are identified as they exist prior to
coming into contact with another substance referred to
by chemical name or chemical type (e.g., base fuel, sol-
vent, etc.). It matters not what chemical changes, trans-
formations and/or reactions, if any, take place in the re-
sulting mixture or solution or reaction medium as such
changes, transformations and/or reactions are the nat-
ural result of bringing the specified reactants and/or
components together under the conditions called for
pursuant to this disclosure. Thus the reactants and com-
ponents are identified as ingredients to be brought to-
gether either in performing a desired chemical reaction
or in forming a desired composition (such as an additive
concentrate or additized fuel blend). It will also be rec-
ognized that the additive components can be added or
blended into or with the base fuels individually per se
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and/or as components used in forming preformed addi-
tive combinations and/or sub-combinations. According-
ly, even though the claims hereinafter may refer to sub-
stances, components and/or ingredients in the present
tense ("comprises", "is", etc.), the reference is to the
substance, components or ingredient as it existed at the
time just before it was first blended or mixed with one or
more other substances, components and/or ingredients
in accordance with the present disclosure. The fact that
the substance, components or ingredient may have lost
its original identity through a chemical reaction or trans-
formation during the course of such blending or mixing
operations or immediately thereafter is thus wholly im-
material for an accurate understanding and appreciation
of this disclosure and the claims thereof.

[0021] At numerous places throughout this specifica-
tion, reference has been made to a number of U.S. Pat-
ents, published foreign patent applications and pub-
lished technical papers. All such cited documents are
expressly incorporated in full into this disclosure as if
fully set forth herein.

[0022] This invention is susceptible to considerable
variation in its practice. Therefore the foregoing descrip-
tion is not intended to limit, and should not be construed
as limiting, the invention to the particular exemplifica-
tions 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.
[0023] Patentee does not intend to dedicate any dis-
closed embodiments to the public, and to the extent any
disclosed modifications or alterations may not literally
fall within the scope of the claims, they are considered
to be part of the invention under the doctrine of equiva-
lents.

Claims

1. A method for reducing the formation of intake valve
deposits in an engine having intake valves, the
method comprising combusting in an engine a
gasoline fuel comprising:

a) a gasoline;

b) ethanol present in the fuel in an amount of
at least about five volume percent, and

c) a gasoline performance additive comprising
a Mannich-based detergent.

2. The method of claim 1, wherein the ethanol is
present in an amount of at least 24 volume percent.

3. The method of claim 1 or 2, wherein the ethanol is
present in an amount of at least about 50 volume
percent.

4. The method of any one of the preceding claims,
wherein the detergent is a Mannich-base

10

15

20

25

30

35

40

45

50

55

10.

1.

12.

13.

polyisobutylene cresol detergent.

The method of any one of the preceding claims,
wherein the fuel has a conductivity greater than 1.0
nS/m.

The method of any one of the preceding claims,
wherein the fuel has a conductivity greater than
about 100 nS/m.

The method of any one of the preceding claims,
wherein the engine is a direct-injection gasoline,
spark-ignited engine.

The method of claim 7, wherein the engine is su-
percharged.

The method of claim 7, wherein the engine is turbo-
charged.

Afuel adapted to be combusted in an engine having
intake valves, the fuel comprising:

a) a gasoline;

b) ethanol present in the fuel in an amount of
at least about five volume percent, and

¢) a gasoline performance additive comprising
a Mannich-based detergentin an amount effec-
tive for improving the reduction of intake valve
deposits resulting from the combustion in the
engine of the fuel.

Afuel according to Claim 10 wherein component (b)
or component (c) is defined in any one of Claims 2
to 4 or wherein the conductivity is defined in Claim
5 or 6.

Use of an oxygenate, such as an alkanol, in a gaso-
line fuel comprising a detergent to reduce the for-
mation of intake valve deposits in an engine having
intake valves in which the fuel is combusted.

Use according to Claim 12 wherein the alkanol is
present in amount from 5% to 80% by volume of the
fuel.



EP 1 506 992 A1

1 2am3i

qLd ‘0rey 18T, TTHIH

8'eE 9TE L6

HOYA %/ B
HOYT 0/M [

- 6°08 $9 0s aseq

1029 WLSV
SINSoY dAI 1€°C P10

sw “ysodd( IA[eA MBIUL



EP 1 506 992 A1

HO %vi/mm
HOYH o/m ]

7 Ingi g

d1.d ‘aey 1edi], 17H9H
608 <9 0s Ised
.IA
1
S991 bTLIl €65 OLSL o1
v 0L61 9731
[0C9d WLSY

00S
0001
00ST
0002

-00€<

SINS2Y ADD T€°T p1oAd

sw ‘qD)) dgeIIAY |

»



EP 1 506 992 A1

HOM %vi/mm
HO 0/M []

€ 2ansI1

dLd ‘oey 1edi] T7H9H
608 aseq

1029d WLSV
SInSoy dAI 1€°C P1OA

‘yisoda(q dAJB A MBIUL



EP 1 506 992 A1

$ I3

dLd ey 18aiL ITV9H
6'08 osed

-00¢

-00¥

HOY %bvi/mnl
HOY o/m 1]

009

008

0001

L0021
L0V
L0091

ANEAN

10294 WLSV
SINS2Y dDD 1€°C P10A

A J

sw ‘D)) d3eIdAy



Conductivity w/o EtOH vs. w/ EtOH

Q1d6 08
HO /291 814

qidgg
HOM /m 291 814

oseq HOW /m 7791 31

Qdog
HOM /M 2291 814

aseq O /m y29€ 81

Qd6 08
HOW /& p29¢ 814

Qd6 08
HO o/M $29¢ 814

aseq
HO o/s 7291 814

aseq
HOW o/m p29¢ 814

qidpg
HOM o/m 7291 Sid

Qdgo
HOYg o/m 7291 814

Qd6'08
HOW o/m 7791 314

EP 1 506 992 A1

100000

10000

1000

< <
P=3 —
—

(w/gu) Ljanonpuo)

0.1 +—

0.01

Figure 5



EP 1 506 992 A1

10

Fuel Content
Figures 1 & 2 _Figures3 & 4

API Gravity 55.1 58.7
Sp Grav 0.7583 *0.7440
% Benzene 0.28 0.82
IBP, F 92.6 98.6
5% 124.2 116.3
10% 144.6 125.7
20% 168.7 140.9
30% 188.5 157.4
40% 205.1 178.4
50% 220.4 206.2
60% 234.2 238
70% 251.6 272.3
80% 284.6 308.7
90% 353.7 347.7
95% 386.6 374.1
EP 428.3 418
RECOVERY 95.9 98.1
RESIDUE 1.2 1
LOSS 2.9 0.9
MALEIC ANHYDRIDE 1.04 1.95
Diene Value 0.27 0.51
Bromine No. 24 24

| AROMATICS, VOL% 37.6 28.8
OLEFINS, VOL% 6.8 12.7
SATURATES, VOL% 55.6 58.5
Existent UNWASHED 4 2.5
Existent WASHED 1.5 0.5
OXIDATION, minutes 960+ 960+
ETOH 0 0
Oxygen Content 0 0
Potential UNWASHED 11.2 5.4
RVP (ASTM D-323) 7.05 8.49
SULFUR, WT% 0.0363 0.0473

| RON 93 92.2
MON 82.2 82.6
(R+M)/2 87.6 87.4
% Carbon 86.82 86.67
% Hydrogen 13.01 13.33
BTU Gross, btu/lb 19553 18813

Figure 6
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