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This invention relates to an improved motor 
fuel composition for use in high output aircraft 
engines. More specifically it relates to an avia 
tion fuel conforming to rigid specifications of 
antiknock rating, vapor pressure and distillation 
characteristics, and having, in addition, combus 
tion characteristics which provide superior power 
Output over a broad range of fuel-air ratios and 
particularly Over the range classified as rich mix 
tures. It relates further to a method of operat 
ing an aviation gasoline engine requiring a fuel 
having an octane number of at least about 100. 
High octane number aviation fuels are manu 

factured and and blended according to specifi 
cations So Strict that the Selection of Suitable 
components is limited in many cases to high 
purity Synthetic blending Stocks and naturally 
occurring base Stocks which are segregated with 
Such precision as to approximate the purity of 
the Synthetic hydrocarbons. 
have high Octane number ratings and this in 
turn means that the components must have high 
Octane number ratings and/or excellent response 
to the addition of antidetonants. Further, the 
unsaturation of the components must be exceed 
ingly low in Order that the fuels be substantially 
free of gum and of susceptibility to gum forma 
tion. These qualifications together with rigid 
requirements for vapor pressure, end point, and 
distillation characteristics, sharply limit the 
choice of fuel components to the relatively low 
boiling, predominantly paraffinic hydrocarbons, 

Such fuels must 
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say of 5 to 9 carbon atoms, and preferably to the 
higher octane number branched-chain or iso 
paraffins. 
In the manufacture of aviation fuels of 90 to 

100 octane number or of those fuels having anti 
knock ratings beyond the conventional octane 
Scale, the procedure usually includes the manu 
facture of Synthetic isoparaffins as one blending 
component. For example, processes, such as se 
lective polymerization, thermal or catalytic al 
kylation, or the like, may be utilized to prepare 
concentrates of isooctanes together with usually 
much Smaller amounts of higher and lower hom 
ologues. Thermal alkylation may produce Such 
stocks as neohexane, which are highly desirable 
blending stocks. As a second component, base 
stocks comprising isohexanes, isoheptanes, isor 
octanes, etc., may in many instances be prepared 
by precise fractionation schemes from crude oil 
and/or natural gasolines. 
A third component, which is ordinarily con 

sidered separately, is isopentane, which can be 
prepared in substantially pure form by fractiona 

40 

45 

50 

55 

2 
tion of hydrocarbon mixtures containing it. This 
last named material is ordinarily the lowest boil 
ing stock included in aviation fuels, and it func 
tions as a Source of volatility to adjust the vapor 
pressure of the blend, and to produce desirable 
distillation characteristics, especially in the ini 
tial portion of the distillation curve. 
Since the synthetic isoparaffin blending stocks 

are ordinarily available in somewhat smaller vol 
ume than base stocks prepared from naturally 
occurring distillates, blending formulas which 
require minimum volumes of such Synthetic 
stocks are preferred. Assuming that isopentane 
is plentiful and used to the maximum extent pos 
sible Within vapor pressure and front-end Vola 
tility limits, it then remains to select and pre 
pare other components commonly termed base 
stocks of both high octane number and low vapor 
pressure. These characteristics are most con 
veniently obtained by segregation of isoparaffins, 
such as the isohexanes, etc., as being more vall 
uable than a full boiling range naphtha, unless 
the naphtha is deficient in normal (low octane 
number) paraffins or has unusually high octane 
number as a result of its content of naphthene hydrocarbons. 
The net result of the above described blending 

procedure is the production of fuels of suitable 
distillation characteristics, vapor pressure, gun 
stability, and octane number rating comprising 
largely isoparaffins of 5 to about 8 or 9 carbon 
atoms, substantially free of C4 hydrocarbons, and 
preferably containing only minor amounts of 
C5 to C9 normal paraffins. The content of naph 
thenes is often small, since these compounds are 
usually present in only small quantities or in 
many cases are removed more or less completely 
by the precise fractionation which separates the 
normal Cs, C6, and C7 paraffins from the iso 
paraffins in naphtha, base stocks. 
The complex and strenuous requirements of 

military aviation under war conditions have em 
phasized some deficiencies of aviation fuels un 
der certain conditions. Such conditions, for 
example, are those which require increased or 
emergency power for improved and rapid take 
off, particularly with heavy loads, rapid accel 
eration and climb during combat. The produc 
tion of maximum power output under these Con 
ditions is of primary importance and the develop 
ment of fuels which will meet these Severe re 
quirements under all conditions is an essential 
military requirement. It is also obvious that 
fuels which meet rigid military requirements will 
be of great value in the development of com 
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mercial aviation. The present invention, there 
fore, provides a novel fuel composition as well as 
mode of operating aviation engines requiring 
high octane fuels, particularly of 100 octane or 
higher. In the practice of this invention, as de 
scribed herein, a gasoline essentially comprising 
a mixture of isoparaffin hydrocarbons having 5-9 
carbon atoms per molecule, containing TEI, 
usually at least about 3 ml. per gallon, together 
with a minor proportion of the additive in ques 
tion, preferably 1-10 per cent, and a Reid vapor 
pressure not greater than about seven pounds, is 
supplied to an aviation engine during an operat 
ing period, and particularly when rich mixture 
performance is required. 
The term 'rich mixture performance' as noW 

used by the art, and as referred to herein, de 
scribes the power output of aviation engines um 
der rich mixture conditions, such, for example, 
as would be obtained by substantially increasing 
the fuel concentration in an air-fuel mixture at 
the intake of an aviation engine. This per: 
formance is usually defined in terms related to a 
standard 100 octane number reference fuel, the 
relative improvement being stated in ml. of tet 

· raethyl lead. 
While laboratory tests and octane ratings by 

the conventional methods employed for aviation 
fuels indicate satisfactory performance, more re 
cent test procedures involving fuel performance 
in supercharged test engines (for example Meth 
od AN-VV-F-748a) have indicated a deficiency 
in the power output of said predominantly iso 
parafiinic fuels. This deficiency has been shown 
to occur most markedly in rich mixture ratings 
of the fuel corresponding to take-off or emer 
gency power requirements in aircraft at fuel-air 
ratios very much higher than the lean mixture 
ratios ordinarily employed for efficient Cruising 
operation. This discrepancy in the incremental 
power output with greatly increased fuel-air ratio 
and fuel consumption has introduced a new con 
sideration into the previous blending formulas to 
deal with the rich mixture rating of the finished 
fuels. 

Since the predominantly isoparafiinic fuel Com 
positions are very satisfactory from the stand 
point of most specifications not involving rich 
mixture requirements and permit the produc 
tion of larger volumes of finished fuel per volume 
of synthetic blending stocks than are possible 
with other blending formulas, it is ordinarily 
most advantageous, to retain the isoparaffin 
blending formulas insofar as possible. This pro 
cedure requires that such special performance 
characteristics as lean and rich mixture ratings 
be obtained through the inclusion of minor pro 
portions of substantially pure chemical additives. 
These additive compounds must be carefully Se 
lected so that the desired improvements are ob 
tained with such Small quantities that other fuel 
characteristics are not impaired and blend speci 
fications are not infringed. 

It is, therefore, a principal object of the present 
invention to provide an improved fuel composi 
tion for use in aircraft engines whereby the effec 
tive Operation and power output of the engines 
are improved. It is a further object of the pres 
ent invention to provide an improvement in the 
blending formula for preparing predominantly 
isoparaffinic aviation fuels whereby the rich mix 
ture characteristics of said isoparaffinic aviation 
fuels are greatly improved. It is another object 
of the present invention to provide an isoparaf 
finic aviation fuel of 100 octane number rating 
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4. 
or better containing a relatively minor proportion 
of an added compound providing greatly im 
proved rich mixture characteristics without un 
desirably affecting the other characteristics of 
the fuel. It is an additional object of the present 
invention to provide an isoparaffinic aviation fuel 
having an improved lead response and enhanced 
blending value. It is a still further object of the 
present invention to provide an improved method 
for operating aviation engines under rich mix 
ture conditions by the addition to the isoparaf 
finic aviation fuel utilized therein of a minor 
proportion of a picoline. Further objects will be 
apparent from the herein disclosure. 
We have now found that aviation fuels of the 

type described and comprising essentially iso 
paraffin hydrocarbons have greatly improved 
octane number ratings at high fuel-air ratios 
when minor proportions of alkyl pyridines are 
added. Particularly useful are the methyl pyri 
dines, or picolines. The picolines are employed as 
the substantially pure compounds, since their eff 
ciency is highly specific and definitely superior to 
certain other nitrogen bases and the like which 
might be present in crude picoline fractions. A 
further purpose served by the use of substantially 
pure compounds is the elimination of associated 
impurities which may have deteriorative effects 
on the fuel and/or on aircraft fuel Systems in 
which it is used. . 
This use of the pyridine bases to improve fuel 

performance at rich mixture conditions is wholly 
new and unexpected. While their presence in 
petroleum from certain fields has long been 
known, they have always been regarded aSharm 
ful to fuel performance. The complex and ex 
pensive. operations to which petroleum is sub 
jected in refining distillates have either deliber 
ately or incidentally removed all traces of nitro 
gen bases from the resulting gasolines. Thus, 
petroleum from certain California fields has been 
shown to contain small amounts of a wide variety 
of heterocyclic nitrogen bases, including the 
picolines, and a number of other pyridine deriva 

In cracked distillates from these Cali 
fornia oils the pyridine bases are the only group 
which occurs in appreciable amount and whose 
presence has been definitely established. Extrac 
tion and treating processes to which the cracked 
distillates are subjected remove these nitrogen 
compounds and they are not present in the 
finished products. The highly napthenic gaSO- . 
lines produced from these petroleum stocks are 
in any event radically different from the synthetic 
isoparaffin aviation fuels used in our process and 
the presence of mixed nitrogen bases of many 
types in impure form therein is in no way equiva 
lent to our process. There has been no suspicion 
that any desirable properties of improved rich 
mixture performance reside in the methyl pyr1 
???? or indeed anything but undesirable proper 
eS. 

It has been shown that some nitrogen com 
pounds of the aromatic amine group, repre 
sented by aniline as the most common member, 
do have properties as antidetonants when added 
to aviation fuels. In this respect, however, they 
are analogous to the high octane number paraf 
fins, or aromatic compounds such as benzene 
which have high value as blending agents. The 
improvement effected in fuel performance when 
minor amounts of aniline are added is similar to 
the effect of the addition of tetraethyl lead. 
That is to say, the octane number rating in the 
usual test method AN-VV-F–746 shows an im 





7 
ing, and results in part from the conventions 
used in expressing rich ratings. While rich rat 
ings superior to the performance of iso-octane are 
given in terms of the value of tetraethyl lead that 
must be added to reference fuel S (essentially 
pure iso-octane) to reproduce the same engine 
performance, rich ratings inferior to iso-octane 
are expressed in terms of the volume per cent of 
fuel S in a blend with reference fuel M (low 
octane straight run gasoline) to reproduce the 
engine performance. - 

: methods of expression and the non-linearity of 
the concentration-performance relationship, the 

i procedure has been adopted of åssigning a num 
ber known as the "rich mixture blending index" 

* number to each measurable performance level. 
These numbers are so assigned and tabulated that 
they may be used directly with the volumetric 
percentage of the constituents to give the per 
formance rating of the blend. Thus, a fuel of 
very poor performance, which is equivalent to a 
blend of 83.0 per cent fuel S. in fuel M has a 
blending index of 4. Pure iso-octane has a blend 
sing index number of 100, while a Superior fuel 
whose performante is equal to that of iso-octane 
with 6.0 cc. of lead 
of 62. . . . . . . . . . . . 
Products which are useful as rich mixture ad 

ditives should have high index numbers, prefer 
ably above 150 when tested in unleaded fuels. 
It is also important, however, that the additive 
is not detrinental to the lead response of the 
fuel, and is particularly advantageous if the 
effect of lead on the additive is to increase its 
rich mixture index number, i. e., to make it more 
effective for the purpose for which it is designed. 
Thus, benzene is known to be useful as an addi 
tive, and has been found to have an index num 
ber of 218.0 when tested at 10 per cent concen 
tration in an isoparaffinic fuel blend with 3.0 ml. 
of TEL per gallon. When this is increased to 
4.0 ml/gal. the index number has decreased to 
216.6 and at 6.0 ml/gal. to 213.3. Benzene is 
adversely affected by TEL, and its usefulness as 
an additive is limited by this inverse lead re 
SpOnSe. 

It is an advantage of the use of Our picoline 
additives that they display an excellent lead re 
Sponse. Thus, When tested in an unleaded fuel, 
the rich mixture blending index numbers are gen 
erally found to be about 150 to 160, but when 
tested in the same fuel and at the same concen 
trations, blending index numbers of about 240 
are obtained when 4.6 ml. TEL, per gallon is pres 
ent. This excellent response to the addition of 
tetraethyl lead makes their use in aviation blends 
particularly advantageous. 
As illustrations of the improved performance 

characteristics obtained by the addition of pico 
lines to isoparaffinic aviation, fuels, the follow 
ing examples are cited: 

EXAMPLE 

A 100 octane number aviation fuel was pre 
pared according to blending formula A, given 
below, plus 4.6 ml. tetraethyl lead per gallon. 
The alkylate used was a cut from the product of 
a commercial hydrogen fluoride alkylation unit 
in which isobutane is alkylated with butylenes to 
produce a mixture comprising largely iso-octanes. 
This formula was then modified to permit the 
inclusion of ten volume per cent of each of the 
following additives (1) benzene, (2) 2-picoline, 
(3) 3-picoline, and (4) 4-picoline. These four 
modified blends, noted below as B, C, D, and E 
conformed to fuel specifications and rated ap 

To reconcile these two 

5 

8 
proximately 100 octane number with 4.6 ml of 
tetraethyl lead per gallon. 

Isoparafin components (parts by volume) 

Additive, 
Formula Alkylate 1???° Isohexane f?????- 10 Parts 

by Vol. 

21.3 4.0 22.6 15.1 None. , 
2.3 41.0 22.6 15. benzene. 
2.3 41.0 22.6 15.1 2-picoline. 
21.3 410 22.6 15.1. 3-picoline. 
21.3 5. 4-picoline. 

'... These blends Were rated each with 4.6 ml. tetra 
ethyl lead per gallon Army-Navy test method 
AN-VV-F-746 and also according to the super 

, charged engine method AN-WW-F-748d with 4.6 
... ml. tetfaethyl lead per gallon: " Octane numberS 

20 
above. 100 are recorded as ml. of tetraethyl lead 
in 100 octane number iso-octane in the following 
table. The rich mixture index numbers were 

added has an index number 
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read from the standard tables corresponding to 
these ratings, and the blending index numbers 
calculated for the additive from the known com 
position of the fuel. 

Antiknock Rating 
Calculated 

Rich 
Blend AN-WW-F-748a. Mixture 
Formula SS Blending 

AN-VW-F-746 Index No. 
Rating-- Index of Additive 
mll. TIEL No. 

A. (0 0.54 115.2 ? ? ? ? ? ? ? ? ? ? ? ? ? ? ? 
B 00 1.0 25.2 25.) 
C. 100 1.7 128.4 247.2 
D 00 1.2 127.4 237.2 
E-------------- 100 ... 4 27.8 241.2 

These resultS indicate the Substantially im 
proved rich mixture rating provided by the pico 
lines as compared to fuel A alone and to formula, 
B using benzene. The effect of the heterocyclic 
nitrogen base additives is very Slight in the con 
ventional (F-746) rating, which is also a measure 
of the lean mixture performance. While a cer 
tain small improvement is indicated for benzene, 
the magnitude of the improvement is in most 
instances not sufficient to justify the use of this 
additive. The Superior qualities of the picolines 
are clearly indicated since the rich mixture rat 
ings of fuels C, D, and E are approximately twice 
that of fuel A. When considered in terms of ml. 
of TEL in iso-Octane. 
The three picolines, when lated in blends with 

reference fuel A without addition of lead by the 
ordinary engine test (AN-VV-F-746) gave blend 
ing octane numbers of 93.0, 89.0, and 91.0 for 
2, 3, and 4-picoline, respectively. These ratings 
in themselves gave no indication of the unexpect 
edly good rich mixture performance of the 
picolines. Likewise ratings in motor fuel base 
blends by the usual motor fuel test method 
(ASTM-D357-43T) gave octane numbers of only 
about 72 to 83 for these nitrogen compounds. 

EXAMPLE II 

The rich mixture ratings of 2-methyl, 3-methyl, 
and 4-methyl pyridines were determined in blends 
in an isoparaffinic fuel without the addition of 
tetraethyl lead, by the supercharged engine test 
AN-WW-F-748a. The fuel used designated below 
as fuel F comprised essentially iso-octane, and 
rated 100 octane number in the conventional avia 
tion engine test procedure (AN-WW-F-746) with 
Out lead. Rich mixture blending index numbers 
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were calculated for the three heterocyclic nitros 
gen compounds. . 
The blends were then duplicated in the iso 

parafinic aviation fuel of Example I which rated 
100 octane number (by method AN-WW-F-746) 
when 4.6 mll. TEEL, per gallon were added. Rich 
mixture blending index numbers were thus ob 
tained in the presence of lead in a fuel of similar 
type. Results of the ratings obtained by method 
AN-WWE 48 in the two Series of bends are 
tabulated below. 

Ratings by Method AN-WW-F-748a. 

5 

0 

O 
picoline content is between one and ten volume 
per cent. 

3. An aviation fuel according to claim where 
in the picoline is 2-picoline. 

4. An aviation fue according to clain il where 
in the picoline is 3-picoline. 

5. An aviation fuel according to claim 1 where 
in the picoline is 4-picoline. 

6. An aviation engine fuel having improved 
lead response and rich mixture performance when 
used in aviation engines, which consists essen 

Wolume Unleaded . --4,6 m. TEga. Additive ga 
Rating, Blending - Ratin Bendim Fuel EE Fuel EEE 

Nopes:-------||--------- F 0.0 100. A 0.54 15.2 
2-picoline-...--- O F 0. 5 A. 1.7 247?2 
3-picone.----- O F 0.2 163 A 1, 12 237.2 

10 F 0.19 . 157. A 1.14 242 4-picoline...-- 

The blending index numbers, which represent 
the performance of the additive in the fuel blend, 
show the very markedly greater effect of the add 
tive in the presence of the tetraethyl lead. Thus, 
while the increase in blending index number is 

25 

51 to 63 numbers in the unleaded fuel, addition of . 
the same quantities of picolines to the leaded 
blend, which in itself had a higher number, pro 
duced an increase of 122 to 132 units. Stated in 
another way, the increased effect of the addition 
in the presence of lead may be seen in the case 
of 2-picoline for instance by comparing the blend 
ing index number of 151 obtained for this addie 
tion in unleaded fuel with the value of 247.2 ob 
tained in the leaded base. 
In the accompanying drawings, Figure 1 is a 

graphical comparison, based on the examples, of 
the relative improvement in rich mixture per 
formance achieved by the incorporation of minor 
proportions of the picolines of the present inven 
tion as compared with a base fuel having a rich 
mixture rating of 0.54 ml. TEL and with Such a 
base fuel containing corresponding proportions of 
pyridine as an additive. As the graph shows, 
the incorporation of the picolines results in an 
unexpected improvement in rich mixture per 
formance by comparison with pyridine. The 
picolines are roughly three times as effective in 
improving rich mixture performance as pyridine 
showing that the presence of the alkyl group is 
of definite and unexpected value in achieving this 
result. 
Figure 2 is a graphical comparison illustrating 

the effect of the incorporation of the picolines On. 
improving the blending value of the fuel as de 
scribed in Example II. The improved lead re 
sponse is strikingly illustrated in the graph which 
shows that when about 10 per cent of 2-picoline 
is added to leaded and unleaded fuels, the blend 
ing value of the leaded fuel is increased from 
about 157 to about 265, or about 108 numbers. 
We clain: 
1. A fuel composition having gasoline charac 

teristics, improved rich mixture performance and 
lead response which consists essentially of 
branched chain paraffin hydrocarbons having be 
tween five and nine carbon atoms per molecule; 
and from one to twenty volume per cent of at 
least one picoline. 

2. The fuel composition of claim 1, whereinth 
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tially of a mixture of isoparaffinic hydrocarbons 
of five to nine carbon atoms having gasoline 
characteristics of vapor pressure and distillation 
range, and from one to twenty per cent by Volume 
of a picoline, said fuel having a Reid vapor pres 
sure not greater than about seven pounds, con 
taining tetraethyl lead, having a maximum 90 per 
cent ASTM distillation procedure evaporated 
temperature of 275° F., and having an octane 
rating of at least 100. 

7. An aviation fuel according to claim 6 where 
in the picoline is 2-picoline. 

8. An aviation fuel according to claim 6 where 
in the picoline is 3-picoline. 

9. An aviation fuel according to claim 6 where 
in the picoline is 4-picoline. 

10. A fuel composition having gasoline characs 
teristics, improved rich mixture performance and 
lead response when used in aviation engines, 
which consists essentially of a mixture of iso 
parafiinic hydrocarbons having five, six, seven, 
eight, and nine carbon atoms per molecule, re 
spectively; and from one to twenty volume per 
cent of a picoline, said fuel having a maximum 
Reid vapor pressure of seven pounds and a max 
imum 90 per cent ASTM distillation procedure 
evaporated temperature of 275°F. 

11. A fuel composition having gasoline characr 
teristics, improved rich mixture performance and 
lead response which consists essentially of iso 
paraffinic hydrocarbons having between five and 
nine carbon atoms per molecule; and from one 
to twenty volume per cent of a mixture of at least 
two picolines. 

WALTER, A. SCHÜTZE. 
OEN E. MAHAN. 
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