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IMPROVED LEADED AVIATION GASOLINE

FIELD OF THE INVENTION

[0001] This invention relates to aviation gasolines. More specifically, this
invention is dirécted to an aviation gasoline possessing both a high. motor octane
number and a high peak indicated mean effective pressure for use in piston

driven aircraft which require high octane fuels.

BACKGROUND OF THE INVENTION

[0002] The high octane requirements of aviation gas for use in piston driven
aircraft which operate under severe requirements, e.g., aircraft containing turbo
charged piston engines require that commercial aviation fuels contain a high
performance octane booster. The organic octane boosters for autormobile |
gasolines (Mogas) such as benzene, toluene, xylene, methyl tertiary butyl ether,
ethanol and the like are not capable by themselves of boosting the 1motor octane
number (IMON) to the 98 to 100 MON levels required for aviation gasolines
(Avgas). Tetraethyl lead (TEL) is therefore a necessary componemnt in high

octane Avgas as an octane .booster. However, environmental concerns over lead 4

and its compounds may require the phasing out of lead in Avgas.

[0003]. U.S. Pat. No. 2,819,953 describes aromatic amines added to motor
gasolines as anﬁknock agents. However, motor gasolines have much lower
octane requirements than aviation gasolines for piston driven aircraft. One
cannot predict performance of a given antiknock agent in an aviation gasoline

based on its performance as an antiknock agent in a motor gasoline.

[0004] U.S. Pat. No. 1,605,663 describes the addition of aniline to kerosene
or gasoline motor fuels of the 1920’s to increase the critical compression '
pressure of the fuel. The aniline can be added as such or mixed with other

substances such as amyl alcohol, amyl acelate and orthotoluidine. When added
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to automobile engine fuel, the critical compression pressure may be increased to
a point between the normal critical compression pressure of the untreated fuel
and 160 or more pounds. The patent recites that the invention can be employed
in aircraft construction by treating the common forms of aviation gasoline (of the
1920’s) which were employed at the time in engines having a compression
pressure of about 125 pounds to permit the increase of the compression pressure
of the aircraft engines and thus increase their efficiency. In addition to aniline,
other amino compounds are recited including xylidine, orthotoluidine, meta

toluidine, cumidine, monopropy! aniline, mono-butyl aniline.

[0005] U.S. Pat. No. 1,592,953 describes the treatment of motor fuels such as
kerosene and gasoline by adding a knock suppressing substance to increase the
critical compression pressure of the fuel. The knock suppressing substance is
employed in the form of a pellet or pill. The patent describes a pill or pellet of a
50/50 mixture of TEL in para-toluidine in a paraffin shell. Both TEL and para-
toluidine exhibit knock suppressing properties but the use of a para-toluidine as

the solids producing agent is not critical to the invention.

[0006] U.S.Pat. No. 2,434,650 describes a motor fuel particularly high anti-
knock aviation engine fuel of 1943 comprising gasoline hydrocarbon, a knock
reducing amount of aromatic amine, a gum inhibiting amount of alkylated
hydroxy aromatic oxidation inhibitor free from any amine substituents and a
sufficient amount of carbon disulfide to stabilize the aromatic amine present in
said fuel against discoloration during storage. The amines employed include the
xylidines, the toluidenes, aniline, as well as derivatives of aniline in which either
or both of the hydrogens on the amines group are substituted by hydrocarbons.
The invention of U.S. Pat. No. 2,434,650 also contemplates the use of metallo-
organic anti-knock agents, typically and especially tetraethyl lead (TEL)
particularly in preparing high octane aviation motor fuels. In the Examples the

fuel comprises 50% naphtha base stock of 75 octane number, 49% high anti-
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knock hydrocarbon blending agent (alkylate) of 91 octane number, 4 cc TEL/gal

and 1% xylidine (mixture of isomers).

[0007] U.S. Pat. No. 2,413,262 teaches that the addition of émall amounts of
primary aromatic amines to aviation-type gasolines of extremely high anti-knock
value and containing relatively large amounts of TEL has a definite beneficial
effect on the anti-knock characteristics of the fuel so treated. Aviation gasolines
having high anti-knock performance are described comprising base aviation
gasoline and (a) 0.5 to about 15% of an amine having 7 to 12 carbons of the

structuré:

in whichl R1 to RS inclusive are selected from the group consisting of hydrogen,
phenyl, and saturated alkyl; (b) about 1-10 ml/gal of TEL, the TEL additized
fuel having an anti-knock rating at least equal to that of 2,2,4-trimethyl pentane
(iso octane). Amines include cymidine, p-cumidine, xylidines, with the meta-
and para-xylidine being most effective in enhancing the anti-knock qualities of
the gasolines containing the aromatic amines. Base fuels have octanes by the
CFR motor method of about 75 or above and are suitable for use in high

compression internal combustion engines. The formulated/additized fue] has an

octane rating of 100+.

[0008] U.S. Pat. No. 2,398,197 describes aromatic amine containing
gasolines which also contain minor amounts of certain ketones. Aviation

gasoline containing aniline or an alkyl aniline plus minor amounts of methyl



WO 2005/100513 PCT/US2005/012624
-4-

propyl ketone or methyl isobutyl ketone is identified. The aviation gasoline may

contain up to about 6 cc/gal of TEL.

[0009] U.S. Pat. No. 1,606,431 describes a motor fuel comprising gasoline
(of 1922), benzol and anilene, the aniline being homogeneously blended in the
fuel, the aniline being employed at between 0.75 to 1.50 vol%. The level of
treatment is not sufficient to boost the low MON aviation gasoline of the 1920’s

to a MON to 100+.

[0010] U.S. Pat. No. 4,321,063 describes liquid hydrocarbon fuels containing
anti-knock quantities of benzylic amine compounds. The gasoline is typical
automotive gasoline of low motor octane number. Benzylic amine compound

will not boost MON of aviation fuel to 100+.

[0011]  U.S. Pat. No. 4,294,587 describes a liquid hydrocarbon fuel composi-
tion containing anti-knock quantities of N-allylic aromatic amines. The gasoline
typical automotive gasoline of low motor octane number. N-allylic aromatic

amines will not boost MON of aviation fuel to 100+.

[0012] In the cited references, critical compression pressure is the maximum
cylinder design pressure for which a fuel may be used without knocking. The
pressure is tested without the use of fuel. The references focus on maximum fuel

efficiency through lean (low fuel-air ratio) operation.

[0013] The indicated mean effective pressure (IMEP) achieved according to
ASTM D909 by running the fuel as taught in the present case is a measure of the
power output attainable by running a rich mixture and is reported in the test in
psi. Peak indicated mean effective pressure (PIMEP) is the maximum power
output point, and is achieved by'varying the air-fuel ratio. The PIMEP in this
case is not reliably predicted by the lean fuel-air ratio results as reported in the

prior art as critical compression pressure.
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It would be desirable to find an additive system for Avgas that will permit

formulation of a high octane Avgas having an improved peak IMEP according to

ASTM D-909.

DESCRIPTION OF THE FIGURES

[0014] Figure 1 is a presentation of the indicated mean effective pressure of
four comparative fuels using actual aviation fuel as base fuel showing that the
fuels containing lead plus amine exhibit peak indicated mean effective pressures

higher than that of the leaded base fuel at high fuel-air ratios (rich).

[0015] Figure 2 is a presentation of confirmation runs of three comparative
fuels using actual aviation fuel as base fuel showing that the fuels containing
lead plus amine exhibit peak indicated mean effective pressures higher than that

of the leaded base fuel at high fuel-air ratios (rich).

[0016] Figure 3 is a presentation of the indicated mean effective pressure of
four comparative fuels using isooctane as reference base fuel again showing that
the fuel containing lead plus amine exhibits a peak indicated mean effective

pressure higher than that of just the leaded isooctane at high fuel-air ratios (rich).

SUMMARY OF THE INVENTION

[0017]. In accordance with the present invention, there is provided a high
octane Avgas which has an enhanced peak indicated mean effective pressure.
More particularly, this invention relates to an aminated leaded aviation fuel
composition having a motor octane number of at least about 98, preferably at |
least 100, and a peak indicated mean effective pressure (PIMEP) measured by
ASTM D909 greater than about 200 psi, preferably greater than about 205 psi,
more preferably greatei' than about 210 psi, most preferably greater than about

215 psi, for piston driven aircraft which comprises:



)

)
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an aviation gasoline base fuel having an unadditized, unleaded MON of at
least 90, preferably 90-97, more preferably 91-95, a lead-containing octane
improver producing a leaded aviation gasoline containing between about
0.01 to about 1.25 gms lead per liter, preferably between about 0.013 to O.'6

gms lead per liter; and

an amount of at least one aromatic amine effective to boost the peak
indicated mean effective pressure and measufed by ASTM D909 by at least
1 psi, preferably at least 2 psi, more preferabiy a at least 5 psi, most
preferably at least 10 psi above the PIMEP of the leaded but un-aminated

base fuel, said aromatic amine having the formula
NHp-Ar-(Rp @

wherein R! is selected from the group consisting of C;-Cjg alkyl, halogen

and mixtures thereof, Ar is a phenyl group and n is an integer from O to 3
with the proviso that when R' is alkyl it is positioned in the meta- and/or
para- position(s) on the aromatic ring. Another embodiment of the invention
comprises a method for preparing a leaded aviation fuel composition having
a motor octane number of at least 98, preferably 100+, for use in piston
driven aircraft and having a PIMEP at least as recited above which
comprises adding an effective amount of aromatic amine described above to
the leaded aviation base fuel. Yet another embodiment relates to a method

for operating a piston driven aircraft with a leaded fuel which comprises

“operating the piston driven aircraft with a leaded aviation base fuel contain-

ing an amount of at least one aromatic amine of the formula (I) effective to
boost the PIMEP as measured by ASTM D909 of the leaded base fuel by at
least 1 psi, preferably 2 psi, more preferably at least 5 psi, most preferably at
least 10 psi above the PIMEP of the leaded but unaminated base fuel.
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DETAILED DESCRIPTION OF THE INVENTION

[0018] Compositionally, modern Avgas is different from Mogas, and is even
different than the Avgas of the 1920-1930’s which was basically leaded Mogas,
a fuel having an unleaded MON of only around 50-60. Modern Avgas, because
of its higher octane and stabilit& requirements, is currently a blend of isopentane,
alkylate, toluene and tetraethyl lead. A typical modern Avgas base fuel without

~ octane booster such as tetraethyl lead has a MON of 90 to 97. Mogas, which has
lower octane requirements, is a blend of many components such as butane,
virgin and rerun naphtha, light, intermediate and heavy cat naphthas, reformate,
isomerate, hydrocrackate, alkylate, ethers and alcohols. Octane requirements of
Mogas are based on research octaﬁe numbers (RON). For a given fuel, the RON
is on average 10 octane numbers higher than its corresponding MON. Thus, the
average premium Mogas possesses a MON of 86 to 88, whereas current Avgas
must have a MION of 99.5. MON, not RON, is the accepted measure of octane
for Avgas and is measured using ASTM D2700-92.

[0019] Conventional octane boosters for Mogas, such as benzene, toluene,
xylene, methyl tertiary butyl ether and ethanol are capable of boosting the MON
of unleaded Avgas to the 92 to 95 MON range if added to Avgas in high enough
concentrations. As noted previously, this is insufficient to meet the needs of

99.5 octane high octane Avgas.

[0020] The aromatic amines of the present invention are capable of boosting
the MON of leaded Avgas from base values of about 90-97, to values of 98 or
greater, preferably 100+. In the aromatic amines of the formula NH,-Ar-(RY),,
R! is selected from the group consisting of C1-Cyg alkyl, halogen and mixtures
thereof, Ar is a phenyl aromatic group and n is an integer from 0 to 3, R'is
preferably C;-Cs alkyl or halogen and n is preferably 1 to 2. Preferred halogens
are Cl or F. When R! is alkyl, it occupies the -3, -4, or -5 (meta and/or para)
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positions on the benzene ring. Alkyl groups in the 2- or 6-position result in
aromatic amines which cannot boost octane to a MON value of 98. Examples of
preferred aromatic amines include phenylamine, 4-tert-butylphenylamine,
3-methylphenylamine, 3-ethy1phenylémine, 4-methylphenylamine,
3,5-dimethylphenylamine, 3,4-dimethylphenylamine, 4-isopropylphenylamine,
2-fluorophenylamine, 3-fluorophenylamine, 4-fluorophenylamine,
2-chlorophenylamine, 3-chlorophenylamine and 4-chlorophenylamine.
Especially preferred are 3,5-dimethylphenylamine, 3,4-dimethylphenylamine,
2-fluorophenylamine, 4-fluorophenylamine, 3-méthy1phenylamine,
3-ethylphenylamine, 4-ethylphenylamine, 4-isopropylphenylamine and
4-t-butylphenylamine. '

[0021] The peak indicated mean effective pressure of an aviation fuel may be

determined by ASTM D-909.

[0022] The lead-containing octane booster may comprise tetraethyl lead,
ethylene dibromide and an anti oxidant and dye. The lead-containing octane

booster may be added in a solvent such as toluene or alkylate.

[0023] The fuel compositions of this invention may be prepared by blending
in any order aviation base gasoline with (a) a lead-containing octane booster and
(b) aromatic amines of the formula (I). It is important that the aromatic amine
and the lead-containing octane booster be soluble in aviation gasoline at the
desired concentration. Preferred concentrations of the lead-containing octane
booster are between about 0.01 to 1.25 gms lead per liter of gasoline, preferably
about 0.013 to 0.6 gms lead per liter of gasoline. Preferred concentrations of the
aromatic amines are from about 0.05-6 wt%, based on fuel, more preferably
about 0.05-1 wt% and most preferably about 0.08-0.4 wt%. It is important that
the aromatic amine be soluble in aviation gasoline at the desired concentration.

A cosolvent may be added to the Avgas to improve solubility properties.
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Examples of cosolvents include low molecular weight aromatics, alcohols,

nitrides, esters, halogenated hydrocarbons, ethers and the like.

[0024] The present aromatic amine additives may be used with conventional
octane boosters, such as ethers, alcohols, aromatics and non-lead metals.
Examples of such octane boosters include ethyl tertiary butyl ether, methylcyclo-
pentadienyl manganese tricarbonYl, iron pentacarbonyl, as well as the other non-
~lead containing boosters noted previously. While such conventional metal free
organic octane boosters may be used to ihcrease the MON of Avgas, they are not
capable by themselves of boosting the MON to the 100 level required in Avgas
for use in piston driven engines. The non-lead metal containing additive such as
manganese tricarbonyl and iron pentacarbonyl while capable of boosting octane
to 100+ are marked by exhibiting adverse effects and properties at the high
dosing levels need to reach that level. Adding the aromatic amines of this
invention to’ Avgas containing such other conventional octane booster has only a
very slight incremental effect at the 98 MON octane level. Thus there is little
economic incentive to combine the present aromatic amines with such other non-

lead conventional octane boosters even though technically this can be done.

[0025] Other approved additives may be included in the Avgas fuel composi-
tions. Examples of such approved additives include antioxidants and dyes.

Approved additives for Avgas are listed in ASTM D-910.

EXAMPLES

Example 1

[0026] 100 low lead (100LL) fuel (component A) a standard aviation fuel
containing about 0.53 ml TEL per liter (~ 0.56g lead/liter) was employed as the

base fuel and evaluated for indicated mean effective pressure according to
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ASTM D909 alone and in combination with varying amounts of alkylate
containing 8 wt% m-toluidine (component B) as indicated below:

Volume % Blends of Components A and B

Sample =~  ComponentA Component B . Wt% Amine
1 100 0 0
2 . 99 1 0.08 .
3 97 3 0.24
4 95 5 0.40

The results are presented in Figure 1. As is seen, the samples containing the
amine component exhibited PIMEP in excess of that exhibited by the leaded fuel

per se, the difference being most pronounced at high fuel-air ratios (rich).

[0027] A verification test was conducted using thé same 100LL fuel per se
and additized with alkylate containing 8 wt% m-toluidine in amounts sufficient
to contribute 0.08 and 0.40 wt% amine to the fuel. The results are presented in
Figure 2. As is seen this confirms that the samples containing the amine
component exhibited PIMEP in excess of that exhibited by the leaded fuel per

se, the difference again being most pronounced at high fuel-air ratios (rich).

Example 2
[0028] The effect of adding lead (as TEL) and amine (as m-toluidine to a fuel

was evaluated using isooctane as a reference fuel.

[0029] Evaluations were run to determine peak indicated mean effective
pressure according to ASTM D909 on isooctane as base fuel, isooctane contain-
ing 0.14 vol% (0.2 wt%) m-toluidine, isooctane + 1.25 ml TEL/gal (0.35g
lead/liter), and isooctane plus 1.25 ml TEL/gal. (0.35g lead/liter) and 0.14 vol%
(0.2 wt%) m-toluidine.
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[0030] The results are presented in Figure 3 which shows that the sample
containing the isooctane plus TEL plus amine exhibited a PIMEP about 2 psi
above the PIMEP of the isooctane plus TEL alone.
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CLAIMS:

1. Animproved leaded aviation fuel composition for piston driven

aircraft which comprises:

(1) an aviation gasoline base fuel having an unleaded MON of at least about

90 and containing a lead-containing octane improver, and

(2) anamount of at least one aromatic amine effective to boost the peak
indicated mean effective pressure as measured by ASTM D909 by at least
1 psi above the PIMEP of the leaded but unqminated base fuel, said
aromatic amine having the formula NH,-Ar-(R"),, wherein R' is C1-Cyq
alkyl, Ar is a phenyl group and n is an integer from 0 to 3 with the proviso

that R! is positioned in the meta- or para- position(s) on the aromatic ring.
2. The composition of claim 1 wherein R'is C,-Cs alkyl.
3. The composition of claim 1 whereinnis 1 to 2.

4. The composition of claim 1 wherein the concentration of aromatic

amine is from about 0.05 to 6 wt%, based on gasoline.

5. The composition of claim 4 wherein the concentration of aromatic

amine is from about 0.05-1 wt%, based on gasoline.

6. The composition of claim 4 wherein the concentration of aromatic

amine is from about 0.08-0.4 wt% based on gasoline.

7. The composition of claim 1 wherein the aromatic amine is selected
from the group consisting of 3,5-dimethylphenylamine, 3,4-
dimethylphenylamine, 3-methylphenylamine, 3-ethylphenylamine,
4-ethy1phenylamine, 4-isopropylphenylamine and 4-t-butylphenylamine.
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8. A leaded aminated aviation fuel composition having a peak indicated
mean effective pressure as measured by ASTM D909 of greater than about 200

psi for piston driven aircraft which comprises:

(1) an aviation gasoline base fuel containing tetraethyl lead as octane

improver, and

. (2) an amount of at least one aromatic amine effective to boost the peak
indicated mean effective pressure of the leaded base fuel by at least 1 psi
above the PIMEP of the leaded fuel prior to the addition of the amine, said
aromatic amine being of the formula NH2—AI-(R1)11 wherein R! is halogen
or a combination of halogen and C;-C, alkyl with the proviso that the
alkyl group is positioned at the meta- or para- position(s) on the aromatic

ring.
9. The composition of claim 8 wherein the halogen is Cl or F.

10. The composition of claim 8 wherein the concentration of aromatic

amine is from about 0.05 to 6 wt%, based on gasoline.

11. The composition of claim 8 wherein the concentration of aromatic

amine is from about 0.05 to 1 wt% based on gasoline.

12. The composition of claim 8 wherein the concentration of aromatic

amine is from about 0.08 to 0.40 wt% based on gasoline.

13. The composition of claim 8 wherein the aromatic amine is present in
an amount effective to boost the PIMEP of the leaded base fuel by at least 2 psi
above the PIMEP of the leaded fuel prior to the addition of the amine.
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14. The composition of claim 8 wherein the aromatic amine is present in
an amount effective to boost the PIMEP of the leaded base fuel by at least 5 psi
above the PIMEP of the leaded fuel prior to the addition of the amine.

15. The composition of claim 8 wherein the aromatic amine is present in
an amount effective to boost the PIMEP of the leaded base fuel by at least 10 psi
above the PIMEP of the leaded fuel prior to the addition of the amine.

16. A method for preparing a leaded aviation fuel composition having a
peak indicated mean effecﬁve pressure of greater than about 200 psi for use in
piston driven aircraft which comprises admixing with an aviation base fuel
having a MON of at least 90, an amount of tetraethyl lead between about 0.01 to
about 1.25 grams lead per liter of base fuel, and an amount of one or more
aromatic amines of the formula NH;Z-Ar-(Rl)n where R is selected from the
group consisting of C;-C; alkyl, halogen and mixtures thereof, Ar is a phenyl
group and n is an integer from 0 to 3 with the proviso that when R’ is alkyl it is
positioned in the meta- and/or para-position(s) on the aromatic ring effective to
boost the peak indicated mean effective pressure of the leaded base fuel at least 1

psi above the PIMEP of the leaded fuel prior to the addition of the amine.

17. A method for operating a piston driven aircraft with a leaded fuel
which comprises operating the piston driven aircraft with a leaded aminated
aviation gésoline base fuel having a peak indicated mean effective pressure of
greater than about 200 psi containing TEL and an effective amount of one or
more aromatic amines of the formula NH,-Ar-(R"), where R! is selected from
the group consisting of C;-Cy alkyl, halogen and mixtures thereof, Ar is a
phenyl group and n is an integer from 0 to 3 with the proviso that when R!is
alkyl it is positioned in the meta- and/or para-position(s) on the aromatic ring
effective to boost the peak indicated mean effective pressure of the leadéd base

fuel at least 1 psi above the PIMEP of the leaded fuel prior to the addition of the
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amine, the leaded aviation gasoline fuel containing the aromatic amine having a

motor octane number of at least 100.
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