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This invention relates to novel motor fuels and
methods of preparing the same, and more par-
ticularly it relates to the preparation of stable
high octane mofor fuels especially adapted for
aviation use.

In the preparation of khigh octane motor fuels
lead tetraethy! is often, if not generally, used to
raise the octane number of a hydrocarhon liquid
poiling in the gasoline boiling range. However,
the storage of certain types of gasoline base stocks
containing tetraethyl lead has resulted in the for-
mation of g haZe or precipitate in the gasoline,
particularly when such fuels are stored at rela-
tively elevated atmospheric temperatures, such as
in tropical climates, especially when extended
storage periods are involved. The problem has
been most serious and perplexing in cases in
which the precipitate formed during storage con-
tains only a relatively small proportion of gum,
i. e. small enough to pass eveir fairly strict motor
fuel specifications, but contains a major propor-
tion of lead, chiefly in the form of lead oxide,
which apparently results from the decomposition
of the tetraethyl lead. Although the actual
amount of tetraethyl lead lost by such decomposi-
tion during storage is sometimes small, and, per-
haps, entirely negligible, from the point of view
of the loss in octane rating, nevertheless the for-
mation of the lead-containing -precipitate is seri-
ous because even small amounts of such a pre-
cipitate tend to clog the strainers in the aviation
motor fuel system and it may, therefore, cause
faulty operation of the airplane motors.

Although in certain instances formation of a
gummy precipitate has appeared to be accelerated
in some types of gasoline base stocks, especially
cracked gasolines, in the presence of tetraethyl
lead, the addition of any of a large number of
gum inhibitors was found to overcome such ac-
celerated gum formation; bub the present inven-
tion involves a very different problem because the
precipitate formed in the cases with which this
invention is involved contains only a small and
unobjectionable amount of gum but contains a
large proportion of lead. This invention is like-
wise not related to the problem of discoloration of
certain types of gasoline base stocks, even
straight-run petroleum distillates, when exposed
to sunlight, either when such fuels contain tetra-
ethyl lead or not, because such discoloration is
primarily due to chemical changes in some of the
organic substituents of the gasoline base stock;
whereas in the fuels with which the present inven-
tion is concerned there is nod substantial discol-
oration of the hase stock and the problem appears
to be solely, or at least primarily, one of decom-
position of the tetraethyl lead per se, most of the
storage being in the dark.

¥n extensive studies which led to the present
invention it was found that straight-run gasoline
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distillates from highly aromatic crude petroleums
could be leaded, i. e., have tertacthyl lead added
thereto, and stored without formation of objec-
tionable amounts of lead-containing precipitate.
On the other hand, it was found that gasoline
base stocks consisting suwbstantially or entirely of
aliphatic hydrocarbons, whether natural or syn-
thetic, but particularly synthetic gasoline base
stocks made by alkylation, for instance, of butyl-
enes with isobutane, when leaded and stored, re-
sulted in formation of yndesirably high amounts
of precipitate containing a major proportion of
lead oxide. Furthermore, it was found that most
of the chemical compounds usually used as gum
inhibitors would not prevent such decomposition
of the tetraethyl lead.

Although the explanation of these peculiar phe-
nomens is not known with certainty, it is believed
that the chief reason why the problem of decom-
position of the tetraethyl lead during storage has
not become serious until recently may be due to
the possible presence of some natural stabilizer
present in cracked gasolines and in straight-run
distillates obtained from aromatic crudes.

The primary object of the present invention is
to stabilize such leaded fuels which are normally
unstable with respect to formation of a precipi-
tate containing a major proportion of lead dur~
ing storage. :

Broadly, the invention comprises adding a small
amount of hydroxy aromatic hydrocarbon of the
hydroguinone class to such motor fuels which
are normally unstable with respect to formation
of a haze or precipitate and containing a major
proportion of lead during storage. Hydroquinone,
p—HO—--CsHs—OH, itself has been found to be
a most effective stabilizer, although other com-
pounds within the hydroquinone class may be
used, such as quinhydrone, CsH102—CsHe(OH) 2,
which may be considered as a quinone substituent
of hydroquinone.

The amount of stabilizer to be used will vary
to some extent according to the particular re-

‘quirement of the gagoline base stock being used

and according to the severity of the conditions
under which the motor fuel is to be stored, but
normally it will range between the approximate
limits of .05-.5 Ib. of stabilizer per 1000 gallons of
motor fuel, and preferably about 0.1-0.3 1b./1000
gallons of fuel. This stabilizer is not readily sol-
uble in the gasocline base stocks in question and,
therefore, should be added thereto in solution in
aleohol or similar solvent either at or near the
time of adding the tetraethyl lead thereto. In-
stead of using tetraethyl lead in preparing the
motor fuels in guestion other lead alkyl known
anti-knock agents may ke used, such as lead tet-
ramethyl, lead dimethyl diethyl, ete. The amount
of lead alkyl anti-knock agent to be used will, of
course, vary primarily upon the octane reguire-
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ment of the finisheq blend, and accordingly may
range from relatively small amounts such as 0.5
or 1.0 cec./gallon of fuel, up to relatively large
amounts, such as 5 or 6 cc. or more per gallon, as
may sometimes be desired for super sviation fuels
or other special purposes, but the invention is
particularly applicable to motor fuels centaining
about 3 cc. or more of tetraethyl lead per gallon
and is especially applicable to aviation motor
fuels now being used for military purposes which
require 4 cc. of tetraethyl lead per gallon.

The hydrocarbon or gasoline base stock which,
of course, forms the major constituent of the
motor fuels in question may be composed of var-
ious types of constituents as suggested above, but
the invention iz particularly applicable to syn-
thetic pure aliphatic hydrocarbon base stocks
within the gasoline boiling range, such as those
made by alkylation of normal olefing with iso-
parafiins. Such alkylates generally have an
ASTM octane number of at least 80 and are sub-
stantially saturated in- respect to hydrogen as
shown by a bromine number test in the range of
0.1 to 0.2 and an acid heat value in the range of
I°to 3° .

In preparing alkylate base stocks of the type
preferred, known metheds of alkylation may be
used, such as reacting isobutane with olefins, such
as butylenes or pentylenes or mixtures thereof,
in the presence of sulfuric acid of about 50-100%,,
preferably 92-98%, concentration, at a tempera-
ture of about 0-100° I, preferably 40-70° ¥, For
instance, a liquid mixture consisting of about
58% by volume of isobutane and 20% by volume
cf butylenes is fed into g reactor containing sul-
furic acid of about 96% concentration, using
about one volume of hydrocarbon feed per volume
of acid, and maintaining the temperature at
about 40° F. and at a pressure of about 15 1bs./sq.
in. gauge. After a reaction period of about 0.5
hour the hydrocarbon layer is separated from the
acid catalyst layer and is washed successively
with water, agueous caustic, and water. In such
alkylation processes, in place of isobutane one
may use other iso-alkanes, such as isopentanes.
Also, various olefins may be used, such as iscbu-
tene, normal butene-2 or normal butene-3 or a
mixture thereof, such as mentioneqd above, or one
or more of the various pentenes, such ag pen-
tene-2, pentene-3, or methyl-2-butene-3, or even
one or more of the normal hexenes or mixtures
of normal olefins having different numbers of
carbon atoms, such as 4 and 5 or 4,5 and 6. Tt
is to be understood, of course, that in such alkyla-
tion processes, one may use catalysts other than
sulfuric acid such as phosphoric acid, hydrogen
fluoride, boron fluoride, ete.

In place of alkylates, such as described above,
one may also use synthetic aliphatic base stocks
made by reacting normal olefing and iso-olefins
in the presence of sulfuric acid and other suitable
catalysts; such reaction broducts are normally
referred to as “copolymers.” For instance, nor-
mal butylene, which may consist of normal bu-
tene-2 or butene-3 or a mixture thereof, may be
reacted with isobutylene in the bresence of sul-
furic acid of about 69 to 70% concentration, at g
temperature of about 145° to 150° F. and under g
pressure of about 145 to 150 Ibs./sq. in. above at-
mospheric. The resulting copolymerization prod-
ucet is separated from the acid catalyst and frac-
tionated to recover a codimer, which is probably
a mixture of several branched octenes. Similar-
ly other codimers may be prepared, such as by
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reacting isobutylene with propylene or éver
ethylene or with higher olefins, such as one or
more of the pentenes or else higher iso-olefins,
€. g. iso-pentene, may be reacted with some of
the various olefins referred to. Since these codi-~
mers are generally not desirable for use in avia-
tion fuels in their unsaturated or olefinic state,
it is preferable for maximum lead susceptibility
and other aviation motor fuel characteristics, to
hydrogenate the codimers to the corresponding
branched paraffins.

The invention also applies to natural petro-
leurn fractions within the gasoline boiling range
which consist substantially entirely of aliphatic
hydrocarbens, or fractions which are substan-
tially entirely free, or have been separated, from
aromatic constituents, for instance, a straight-
run gasoline distiliate from a Pecos crude, which
is an essentially isoparaffinic base stock, or an
isopentane fraction distilled or otherwise sepa-
rated in substantially pure state from any desired
crude.

The inventicn applies to motor fuels compris-
ing mixtures of these various base stocks which
are normally unstable in respect to formation of
a Dprecipitate containing lead during storage, if
stored in the form of a leaded blend. For in-
stance, in preparing high octane aviation motor
fuels, especially for military purposes, it is often
desired to use an alkylate as the primary con-
stituent of the motor fuel base stock, and to use
8 small amount of isopentane, isohexane, ischep-
tane or other low boiling substantially pure ali-
phatic hydrocarbon, such as cyclopentane, in
sufficient, amount to make a blended fuel having
the desired vapor pressure for ease of starting and
for operation at suitably low temperatures.

Although the invention applies particularly to
aviation motor fuel base stocks consisting sub-
stantially or entirely of aliphatic hydrocarbons,
either natural or synthetic, as described above, it
does not exclude the use of other addition agents,
particularly anti-knock agents consisting of other
types of hydrocarbons or various oxXygen, nitrogen,
or other derivatives thereof, provided that such
addition agents do not consist of, or comprise,
cracked petroleum fractions or mixed petroleum
fractions obtained by straight-run distillation of
aromatic-containing crudes. In other words, the
invention is not intended to apply to the use of
mixed aromatic fractions, such as may be obtained
by solvent extraction with liquid sulfur dioxide,
ete., of aromatic type gasoline base stocks; such
mized aromatic fractions, when leaded, do not
need stabilization against decomposition of the
tetraethyl lead during storage, and furthermore
are more sufficiently high in octane number and
lead susceptibility or octane blending value for
the purposes of the present invention. On the
other hand, synthetic or substantially pure gingle
aromatic compounds may be used, such as ben-
Zene, toluene, isopropyl benzene, iertiary butyl
benzene, toluidine, xylidene, étc. Similarly, ali-
phatic oxygen~containing anti-knock agents may
be used, such as di-isopropyl ether, ethyl isopropyl
ether, isopropyl tertiary butyl ether, isopropyl
alcohol, ethyl alcohol, tertiary butyl aleohol, ace-
tone, methyl isopropyl ketone, etc. These various
anti-knock addition agents may be used in
amounts ranging from about 1% to 40%, prefer-
ably about 5% to 20%, or 30%.

The invention and the advantages thereof will
be better understood fr m a consideration of the
following experimental data,
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4 ce. of tetraethyl lead per gallon were added Test No. 1 shows that, without inhibitor, theé
toan isobutane-butylene alkylate which was made leaded alkylate, containing 3 ce. of tetrasthyl lead
in commercial equipment that was operated sub- per gallon, when subjected to the accelerated gum
stantially according to conditions which have test, forms a brown Dbprecipitate and shows a
previously been described. 5 29.7 me. total of lead plus gum, of which 16.3

The resulting fuel, which had an ASTM octane mg. is lead and 134 meg. is gum. Tests Nos.
number above 100 was then subjected to the 9 and 8 show that the addition of .1 and .2 Ibs,,
accelerated gum test alone and with addition of respectively, of hydroquinone Dper 1000 gallons
hydreguinone or quinhydrone in geveral concen- of fuel, completely prevents the formation of any
trations. The “gecelerated gum test” procedure 10 precipitate and reduces the gum to a satisfactorily
used was that adopted by the Cooperative Fuel low amount, 2.6 mg. and 2.8 mg. (both below the

Research Committee of the Society of Automotive allowed maximum of 6 me.), with no lead present
Engineers, and published by that committee in with the gum. Tests Nos. 4 and 5 show similarly
wpagt Procedures and General Information in satisfactory resulis upon the use of quinhydrone
Current Use in the Development and Utiliza- 15 in place of hydroquinone.

tion of Aviation, Motor, and Automotive Diesel Another series of tests was made to obtain scme
Tuels,” May 1941, page 15, and comprised sub- approximate estimate of the probable duration
jecting 200 ml. of the motor fuel sample to oxida- of the stability period, assuming by subjecting
tion for a period of 5 hours in a glass sample samples of leaded fuel to the same accelerated
bottle containing strips of earbon steel having an 20 gum test, except extending the time of oxidation
area of 35 square inches. To be considered as from 5 hours to 10 hours, to see whether the
passing this test satisfactorily a sample should not inhibited samples would have a predicted stor-
form a precipitate exceeding 5 mgs. per 100 ml. age stability life of over three years because the
of oxidized sample, and the gum value should not usual 5-hour test oxidation period may be assumed

exceed 6 mgs. per 100 ml of oxidized sample, 25 to be equivalent to 18 months of actual storage.

with deduction allowable for lead present in the Tn this series of tests the motor fuel used was
gum. The sample to be submitted to the acceler- a 100-octane gasoline which contained 3 cc. of

. tetraethyl lead per gallon, and the base stock
ated gum test must be ‘protected from direct or ; : .
diffused light prior to the test. was composed of 7.2% isopentane, 40% isobutane-

g0 butylene alkylate, and 52.8% virgin naphtha from

The alkylate used, when tested without any Gulf Coast and Pecos crude oils. The motor fuel
tetraethyl lead, showed no precipitate and only — pefore adding the tetraethyl lead had an A. P. I
s very small, practically negligible, amount of gravity of 69.3°, a Reid vapor pressure of 6.7
gum, namely, about 0.2 mg. in the accelerated pounds per square inch and an ASTM octane
gum test, thereby indicating that the alkylate 35 number of 83.

base stock per se is normally stable in respect to The results of the accelerated gum tests were
precipitate or gum formation during storage. ag follows:

TABLE 2

Effect of different ozidation test -periods-

Time of :
Test : Predicted storage
No. oxi?oa{ggn, Ppt. Pbtgum | Pb | Gum stability life !
WITHOUT INHIBITOR
Mg. My. | Mg.
[ 5 | Yellow_- 10.7 | Tr. | 10.7 | Less than 18 months.
S 10 |..-do_—..- 36.8 1 13.8 | 23.0
_ WITH .1 LB. HYDROQUINONE PER 1,000 GALLONS
8eeen 5 | None... LNl | 18
[ I 10 |-.-dOa---- 2.3 | Nil 2.3 | Over 3 years.
WITH .1 LB. QUINHYDRONE PER 1,000 GALLONS
b 1) S— 5 {...d0zon 2.0 | Nil 2.0
1 e 10 {...40--.-- 35| Nil | 85| Over3years.
1 Assuming 5-hour oxidation period equivalent to 18 months storage.
The results of the accelerated gum test on the The above tests in Table 2 show that without
1eaded blends of this same alkylate are as follows: inhibitor (tests Nos. 6 and 7) a yellow precipi-
’ TapLE 1 :

Accelerated gum tgsts

oEL Inhibit Accelerated gum tests
.E.L. ibitor,
Test No. Sample content Ths./1,000 gals.
Ppt. Pb+gum | Pb | Gum
Ce. Myg. My, | My.
.| Alkylate..-- [ 30 I 1 Brown...- 29 7 | 16.3 13.4
_______ GO 3 | .1 hydroquinone....| None...._. 2.6 |ocunnn 2.6
_______ 40 —oeu-- 3 | .2 hydroquinone.._.j--- do.--.. 2.8 |ocemnn 2.8
_________________ [ [ J—— 3 | .1 quinhydrone.....- oo L8 |eeean 1.8
_________________________ do__._.-- 3 | ,2 quinhydrone.....- PRI 1+ O, 2.0 |accman 2.0
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tate is formed in hoth the 5- and -10-hour tests
and that the amount of lead plus gum increases
from 10.7 at 5 hours to 36.8 at 10 hours, the
amount of lead in the gum increasing from a
trace at 5 hours to 13.8 in 10 hours; whereas
with .1 Ib, hydroquinone per 1000 gallons (tests
Nos. 8 and 9) and with .1 Ib. quinhydrone (tests
Nos. 10 and 11), no precipitate was formed even
with the 10-hour oxidation period, and the
amount of lead plus gum increased only slight-
ly from 1.8 to 2.3 in the case of hydroquinone
and 2.0 to 3.5 in the case of quinhydrone, both
being considerably below the 6.0 maximum per-
mitted, there being no lead present in the gummy
residue called “lead + gums.” In other words,
these tests indicate that .1 b, of inhibitor per
1000 gallons of leaded fuel is sufficient in the
case of hydroquinone or quinhydrone to stabilize
the fuel for over three years,

Another series of tests was made to determine
“the behavior of similar leaded fuel blends in
actual storage over a long time, up to 18 months,
making test observations at intermediate pe-
riods of 2, 4, 7, 10 and 12 months. In this ge-
ries of tests, the fuel used was the same as that
used for tests 6 to 11 (Table 2) and contained 3
cc. of tetraethyl lead per gallon,

In this series of tests large samples were stored
in contact with an iron strip (having a total areg
of 4 sq. inches) in brown glass bottles enclosed in
brown paper bags to prevent interfering effect of
sunlight. After successive 2 months periods of
storage, portions of the large sample were with-
drawn and submitted to the accelerated gum
tests. During the latter storage periods, the
accelerated gum tests were also supplemented
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gum test both without storage and at all periods
up to the 18 months, the fuel inhibited with hy-
droquinone (tests Nos. 19-25) did not form any
brecipitate at any time throughout the 13-month
test, and the fuel inhibited with quinhydrone
(tests Mos. 26-392) was stabilized against pre-
cipitate formation throughout the 4-month pe-
ricd but developed g slight brown or yellow pre-
cipitate during longer storage periods. Also, as
indicated in previous tests, the leaded fuel with-
cut inhihitor showeg large amounts of lead plus
gum ranging from 10.7 initially to 30.4 at 1§
months, in the accelerated gum tests, whereas
hydroquinene maintained the leaq plus gum fig-
ure to a value ranging between 1.8 and 3.6, with
no lead present, while the quinhydrone showed
satisfactory lead plus zum values, with no lead, for
the first 7 months, Thus the quinhydrone shows
a substantial stabilizing effect against formation
of a precipitate containing lead during storage,
although hydroguinone is superior in stabilizing
the leaded fuel for g much Jonger period. The
copper-dish and silica-dish gum tests indicate
that long-time storage of the leaded fuels did
not have any substantial effect on either the cop-
per-dish gum or silica-dish gum,

As an indication that the invention applies not
only to synthetic hydrocarbon fuels such as made
by alkylation, ete., but also to natural substan-
tially pure aliphatic hydrocarbons, it-is noted that
a sample of isopentane when submitted to the
accelerated gum test showed no precipitate and
only 1.1 gum when tested without tetraethyl lead,
but, when tested with gn addition of 3 cc. of tetra-
ethiyl lead per gallon, gave a heavy brown Dpre-
cipitate and 18.5 leag plus gum, the lead per se

by copper-dish and silica-dish gum tests. being 16.3. It is thus apparent that although
TABLE 3
Long-time storage tests -
Storage
Test No, e Copper .
rg:)!xl:gl’:s dish gum | Silica Accelerated gum test
dish
gum l Ppt. Pb4gum Pb | Gum
WITHOUT INHIBITOR

Mg. Mg. My, | My,
12 0. --] Yellow_.__ 107 | Trace | 10.7
b2 PN R do_.__. 25.3 23.2 2.1
3 PR R N do..._. 23.2 121 1L1
71 1.5 | Brown 27.4 1571 117
10 2.6 | Yellow.__ 37.7 34.3 3.4
12 2.6 27 eeees do..... 30.4 211 9.3
18 3.0 2.4 | ____ do..._. 30.4 19.3 | 111
1.8 Nil 1.8
1.8 Nil 1.8
3.4 Nil 3.4
3.2 Nil 3.2
3.8 Nil 3.6
2.8 Nil 2.8
2.3 2.3

WITH .1 LB, QUINHYDRONE/1-000 GAL.

Nil 2.0
Nil 2.0
Nil 4.2
Nil 4.4
7.1 0.9
Trace 9.2
Trace 4.0

These tests show that whereas, without inhibi-
tor (tests Nos 12-18), the leaded fuel formed

a yellow or brown precipitate in the accelerated ‘76

leaded. isopentane ig unstable in respect to for-
mation of a precipitate containing lead during
storage, this instability is overcome by the addi-
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tion of hydroquinone or quinhydrone as shown
in the tests set forth in Table 3 involving a 100-
octane fuel containing 7.2 isopentane and 3 cc.
of tetraethyl lead.

Although the invention is intended to apply
primarily to fuels whose hydrocarbon base stock
is composed substantially or entirely of aliphatic
hydrocarbons, either natural or synthetic, with
or without addition of various anti-knock agents
which are oxygenated or other types of deriva-
tives of hydrocarbons, in its broader sense the
invention also comprises blends of such rela-
tively pure aliphatic base stocks with minor
amounts of sromatic-containing petroleum frac-
tions in such low or non-stabilizing proportions
that the mixed fuel blend when leaded is still
normally unstable in respect to formation of a
precipitate containing lead during storage.

It is not intended that this invention be un-
necessarily limited by any theory suggested as to
the mechanism of the operation of the invention
nor by any of the specific examples which have
been given merely for the sake of illustration, but
only by the appended claims in which it is in-
tended to claim all novelty inherent in the in-
vention as well as all modifications coming within
the spirit and scope of the invention.

I claim:

1. A motor fuel comprising a hydroearbon
mixture normally stable against gum formation
and composed predominately of saturated ali-
phatic hydrocarbons and containing 2 small
amount of a lead alkyl anti-knock agent which
in the presence of said hydrocarbons tends dur-
ing storage to form lead-containing precipitates
and a hydroxy aromatic hydrocarbon of the class
consisting of hydroguinone and quinhydrone in
an amount sufficient to inhibit the formation of
a lead~containing precipitate during storage.

2. Motor fuel according to claim 1 in which the
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hydrocarbon fuel base stock has an octane num-
ber of at least 80. ’

3. Motor fuel according to claim 1 in which
the hydrocarbon fuel base stock consists entirely
of saturated aliphatic hydrocarbons and with-
out tetraethyl lead is normally stable against pre-
cipitate and gum formation during storage.

4. Motor fuel according to claim 1 containing
at least 3 cc. of tetraethyl lead per gallon of fuel.

5. A motor fuel comprising a lead alkyl anti-
knock agent and a hydrocarbon base stock which
is normally stable against precipitate and gum
formation during storage in the absence of lead
alkyl compounds, said hydrocarbon base stock
consisting substantially entirely of synthetic liq-
uid hydrocarbons within the gasoline boiling
range made by alkylation of normal olefins with
isoparafiins, together with a small amount of sat-
urated Cs hydrocarbon to obtain the desired vapor
pressure, said fuel being stabilized against de-
terioration during storage by having added there-
to a small amount of hydroquinone.

6. Motor fuel according to claim 5 in which the
alkylate base stock is made by alkylation of an
olefin selected from the group consisting of
butylenes and pentylenes with isobutane, and the
fuel contains at least 3 cc. of tetraethyl lead and
about .05-0.5 Ib. of hydroquinone per 1000 gallons
of fuel.

7. A motor fuel comprising a lead alkyl anti-
knock agent and a hydrocarbon base stock which
is normally stable against precipitate and gum
formation during storage in the absence of lead
alkyl compounds, said hydrocarbon base stock
comprising a hydrogenated copolymer of a nor-
mal olefin having from 2 to 6 carbon atoms and
an iso-olefin having 4 to 5 carbon atoms, said fuel
being stabilized against deterioration during
storage by having added thereto a small amount
of hydroquinone.

PAUL L. DE VERTER.



