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The present invention relates to a boric acid-diol-mono 
hydric alcohol solution suitable as an additive to liquid 
leaded motor fuel, to liquid leaded motor fuel for use 
in internal combustion engines of the spark-ignition type, 
Said fuel containing a minor proportion of such an addi 
tive, and to a method of operating spark-ignition internal 
combustion engines in such manner as to suppress the 
octane requirement increase normally resulting from op 
eration of such engines. 

It is well known that the operation of an internal com 
bustion engine, initially clean, results in a formation of 
progressively greater amounts of deposits on the surfaces 
of the combustion zone, i.e., on the cylinder head, piston 
top and the intake and exhaust valves, until the amount 
of deposits reaches a level beyond which no appre 
ciable further increase in amount of deposits are ap 
parent upon continued operation. This increase in de 
posits is manifested most clearly to the operator of the 
engine, particularly an automobile engine, by the fact 
that the presence of the deposits in the engine requires 
a fuel having a higher octane rating in order not to knock 
than is required by a new or clean engine. This means, 
in other words, that the octane value of a fuel required 
by an engine containing deposits in the combustion zone 
in order not to knock (referred to hereinafter as "octane 
requirement') is higher than the octane requirement of 
a clean engine. For example, a clean engine which re 
quires a gasoline having an octane rating of 60 in order 
not to knock is said to have an octane requirement of 60. 
If the same engine, when dirty, i.e., with deposits in the 
combustion chamber, requires a gasoline having an oc 
tane rating of 75 in order not to knock, such an engine 
is said to have an octane requirement of 75 or an "octane 
requirement increase' of 15. When upon continued use 
the octane requirement of the engine increases no further, 
it is believed that the engine has then reached deposit 
equilibrium. This is believed to be due to the fact that 
after a certain amount of deposits have been formed in 
the combustion zone, additional amounts of deposits 
either fail to adhere to the deposits already formed or 
the rate of formation of additional deposits becomes 
about equal to the rate at which the deposits flake off and 
are removed through the exhaust of the engine. These 
deposits also result in power loss, valve deterioration, 
and other undesirable effects in engine operation. 
The undesirable effects of the deposits in the combus 

tion zone is further aggravated when tetraethyl lead is 
contained in the fuel in amounts varying between about 
0.5 and 6 cc./gal., e.g., about 3 cc./gal., because these 
deposits are then no longer primarily carbonaceous but 
contain appreciable quantities of lead or lead compounds. 
It has been sought to overcome this additional disadvan 
tage due to the use of tetraethyl lead by adding one or 
more organic halides to the fuel so that, during the com 
bustion, the lead from the tetraethyl lead will combine 
with the halogen from the organic halide to form a lead 
halide that will pass out of the engine through the ex 
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haust manifold. While the addition of organic halide 
has helped, particularly in aviation engines which operate 
at higher temperatures than automotive engines, it has 
not been as successful as expected in the latter. This is 
apparently due to the relatively low volatility of lead 
halide at the temperatures maintained by automotive 
cooling systems at the surfaces enclosing the combustion 
Z0. 

It has been found that the total weight of deposits 
formed in the combustion zone is appreciably greater 
when using a leaded fuel than when using a non-leaded 
fuel. The octane requirement increase of an engine op 
erating on leaded fuel, however, is not in proportion to 
the difference in deposit weights. From this it is con 
cluded that the octane requirement increase of an engine 
is not determined so much by the quantity of material 
deposited as by its presence and character. 

Since it has been found that the octane requirement 
increase of an engine is not determined solely by the 
quantity of material deposited in the combustion zone, 
it is believed that it is due to a catalytic action wherein 
the deposits in the combustion zone act as catalysts to 
accelerate the oxidation of petroleum hydrocarbons. 
The fact that lead compounds have greater catalytic 
activity than carbon in accelerating the oxidation of pe 
troleum hydrocarbons is believed to account for the 
greater increase in the octane requirement of an engine 
operated on leaded fuel as compared with that of an 
engine operated on non-leaded fuel. It was, therefore, 
believed that the proper approach to the problem of re 
ducing the octane requirement increase of an engine was 
that of adding to the fuel a substance having an anti 
catalytic effect or, in other words, the effect of suppress 
ing or inhibiting the catalytic properties of the deposits 
formed, especially the troublesome lead-containing de posits. 

It was found, as described in the application of Everett 
C. Hughes and John D. Bartleson, Serial No. 313,788, 
filed October 8, 1952, and now abandoned, that it is 
possible to suppress, to a considerable degree, the octane 
requirement increase of an engine and to reduce material 
ly the equilibrium amount of deposits formed in the 
engine, particularly on the exhaust valve, by operating 
such an engine with a leaded motor fuel containing a 
fuel-soluble additive consisting essentially of an alcohol 
having boric acid dissolved therein, preferably in maxi 
mum concentration. While alcohol-boric acid mixtures 
of this type have been demonstrated to be fairly stable 
in the fuel when subjected to moderately cold tempera 
tures such as 40 F. and even in the presence of 0.02% 
and 0.04% by volume of water based on the volume of 
the blended fuel (the upper limit of solubility of water 
in gasoline), the stability of the boric acid-alcohol addi 
tive leaves something to be desired when free water be 
comes mixed with the fuel or when the fuel is under 
a water saturated atmosphere for any extended period 
of time. Unless precautions are observed to remove the 
water that accumulates in gasoline storage tanks due to 
condensation of moisture on the walls, these disadvan 
tages of the boric acid-alcohol additive may become sig 
nificant. Thus, for example, the presence of water in 
the tank may result in substantial, if not complete trans 
fer of the boric acid from the fuel to the water. 
The present invention is based on the surprising dis 

covery that the presence of a relatively small amount 
of a diol in a boric acid-alcohol additive increases tre 
mendously the stability of the boric acid in the additive 
in the presence of water. It is also based upon the 
further surprising discovery that the use of a diol with 
boric acid and alcohol reduces materially the amount 
of alcohol that is required to dissolve the optimum 
effective amount of boric acid. When the maximum 
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reduction in octane requirement increase is desired the 
alcohol content of the blend should not be reduced to 
the minimum necessary for dissolution of the boric acid 
because, when present in higher amounts, it apparently 
exerts a synergistic effect with the boric acid in sup 
pressing the octane requirement increase of an engine. 
The additive of the present invention, therefore, is 

essentially a boric acid-diol-monohydric alcohoi solu 
tion. A leaded liquid fuel containing this additive in 
minor concentration is particularly adapted for use in 
an initially clean engine although when used in a dirty 
engine it would have a gradual beneficial effect. The 

0 

term "initially clean,” as applied to an engine herein, 
is intended to refer to an engine that was new or had . 
most or substantially all its combustion chamber deposits 
removed by scraping, grinding, "shot injection,” or like 
methods when operation of the engine on the fuel of 
the invention was begun. ... 
The diol component of the additive of this inven 

tion is a non-benzenoid diol containing from four to 
about eight carbon atoms. Examples of diols that have 
been found particularly effective in the additive and 
fuel of the invention are glycols such as diethylene glycol, 
polyethylene glycol 200, hexylene glycols such as 
2-methyl-2,4, pentanediol, and 2-ethyl, 2-butyl propane 
diol. - 

Inasmuch as tests have shown that the amount of 
boron that is effective in suppressing octane requirement 
increase is extremely small, e.g., about 0.0018 to 0.008%, 
and preferably from 0.004 to 0.008%, and no substan 
tially greater effects are obtained with higher amounts 
capable of being dissolved by appropriately greater 
amounts of diol, the proportion of boric acid in the 
fuel is generally between about 0.01 and 0.045% by 
weight. Boric acid in the amount of 0.01, 0.02 and 
0.045% correspond approximately to 0.0018, 0.004 and 
0.008% by weight boron. There is no advantage in 

- increasing the boric acid beyond 0.1%. The propor 
tions of the diol component may vary rather widely, 
proportions between about 0.05 and 0.5% by weight of 
the fuel being generally desirable and proportions in the 
neighborhood of 0.1 and 0.2% being preferred. 
The monohydric-alcohol component of the additive 

may be any alcohol that is soluble in the motor fuel, 
volatile under combustion chamber conditions, and is 
capable of dissolving the boric acid and the diol. It 
is preferably a lower alkylol such as methyl-, ethyl-, 
isopropyl-, butyl- or amyl alcohol. Isopropyl alcohol 
is the least expensive and most easily obtained at this 
time. The concentration of the alcohol component in 
the fuel blend that is necessary to dissolve an effective 
amount of boric acid and diol is as low as about 0.1%, 
but enhanced suppression of the octane requirement in 
crease appears when the alcohol concentration in the 
fuel is in the range of about 0.5 to 1%. The slightly 
greater effects that may be obtainable with alcohol con 
centrations of above about 2% to about 5% are gen 
erally not preferred for reasons of economy but are never 
theless operable ranges of concentration. 

In one embodiment referred to as the high alcohol 
formula, the amount of the alcohol is many times the 
amount of the diol. This formula is desirable when 
the octane requirement increase is to be suppressed to 
the maximum extent. Such a formula is also suitable 
for use in the winter when the relatively large amount 
of alcohol will contribute to the antifreezing properties 
of the gasoline. 

In another embodiment, referred to as the low alcohol 
formula, the amount of the alcohol may be approxi 
mately the same as the amount of the diol. This for 
mula is entirely satisfactory from the standpoint of 
solubility and stability of the boric acid in the gasoline. 
It can be used when moderate suppression of octane 
requirement increase is satisfactory and under conditions 
where the excess alcohol cannot be justified economically, 
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4. 
such as in the summertime when there is no antifreezing 
problem. Any amount of the alcohol between these 
two can be used. M 

Summarizing the preceding discussion with reference 
to the operable and preferred relative proportions of 
boric acid, diol and monohydric alcohol in the addi 
tive and in the fuel, these proportions are approximately: 

Boric Acid Diol Alcohol Alcohol 
(High) (Low) 

In the Additive (parts by 
weight): - 

Operable----------------- 35-4.5-- 1-35 65-99. -35 
Preferred.--------------- 2-4 4.5-10 80-95 4.5-10 

In the Fuel (percent based 
on Total fuel): - Operable----------------- .01-045-- . 05-.5 1-5 05.5 

Preferred.---------------- ,045 .1-.2 -2 ... 1-2 

As illustrative of the high alcohol formula an additive 
was prepared containing 2.1% boric acid, 8.9% hexylene 
glycol, and 89% isopropanol. The additive was pre 
pared by stirring the ingredients for 1% hours at 30°F. 
The additive was stable at 0° F. and was readily blended 
with the gasoline. In this example as well as all others 
in the case, the ingredients are essentially in a physical 
mixture. If there is any reaction it is slow and pro 
ceeds only to equilibrium conditions at ambient temper 
ature since no water of reaction is removed. The amount 
of the monohydric alcohol is sufficient to prevent any 
such water from separating when the mixture is added 
to gasoline. - 

This additive was incorporated in amounts of 0.5 and 
1.0 volume percent in gasoline containing 3 cc. of tetra 
ethyl lead and one theory of ethylene dichloride and 
one-half theory of ethylene dibromide (motor mix) as 
a scavenging agent. A slightly cloudy solution was at 
first formed, which cleared, however, on standing, with 
no loss of boric acid. Tests of these gasolines showed 
no loss of boric acid during storage under moist air at 
0° F., 75° F., and 100°F. The additive did not affect 
any of the usual gasoline inspection tests and had no 
effect on oxidation stability or gum formation in storage. 
Tests show that it did not affect the corrosion of copper, 
steel or zinc die cast alloys. Gasoline containing the 
additive had no effect on bearing corrosion or varnish 
rating in an L-4 test, nor on sludge of varnish rating in 
the EX-3 test. 
To compare the stability of boric acid-alcohol and 

boric acid-diol-monohydric alcohol additives in leaded 
motor gasoline in the presence of water vapor, a number 
of tests were carried out in which samples of the gaso 
line containing 2% by weight isopropyl-alcohol, 0.045% 
by weight boric acid (0.008%) boron, and diols in vary 
ing concentrations were allowed to stand for extended 
lengths of time in a desiccator-type vessel containing air 
Saturated with water vapor. These samples were ex 
amined at various times, particularly after sixteen hours, 
to determine the extent, if any, to which the boric acid 
had formed crystals. The results of these tests are tabu 
lated in Table I immediately below: 

TABLE 

Concen- : - - - . . . tration Time, Description of 
idiol in Fuel, Hours Crystals Formed 

Percent by wt. 

Polyethylene glycol 200......... { : Stew, flaky 
. . . .- - - - 0.2 24 None. 

Diethylene glycoli............. - 0.4 6 Do. 
- 0.1 65 Few, small. 
. . . . - 0. 6 : None 

2 ethyl, 2 butyl propanediols--- 0.1 65 Do. 
- “... • - - - - - - : " :- - - - - 0.05 65 Small. 2 methyl-24 peritainedio 0.2 22 None 

None----------- - . . . r 
22 Many, large. 
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The results of these tests show that the presence of 
small proportions of a diol in the additive effectively 
prevents the formation of boric acid crystals. Such 
crystals, if formed in a gasoline storage tank, would de 

the diol in keeping the boron in the gasoline phase as 
well as to prevent any tendency of the boron to form 
crystalline boric acid under the conditions of the tests. 
The utility and advantages of the invention will 

scend to the bottom of the tank and thus be lost to the 5 become further apparent from the following example 
fuel. The crystals either form a sediment on the bot- illustrating the invention still more specifically, it being 
tom or, if water is present, enter the water layer to form understood, however, that the example is not to be con 
a dilute boric acid solution. If, on the other hand, such sidered as limitative in scope: 
crystals should form in or be carried to the fuel pump Exampl 

ple of an automotive engine of the gasoline tank they would lo 
collect on the fuel pump screen and soon clog it suffi- Comparative test runs were conducted with a standard 
ciently to prevent further delivery of gasoline to the Chevrolet passenger car engine made initially clean after 
carburetor. each run by dismantling, removing the combustion 
Another series of tests to compare the stability of chamber deposits, and reassembling. In each run the 

boric acid-alcohol and boric acid-diol-monohydric alco- 15 engine was operated on a standard cycle procedure with 
hol additives in leaded motor gasoline were carried out an 11 spark advance to simulate city driving conditions. 
in a similar manner, the stability however being de- Each cycle included one minute at 500 r.p.m. with no 
termined by measuring the amount of boric acid chem- load (idling conditions) and an air fuel ratio of 11.2, 
ically extracted from the fuel sample instead of by visual and five minutes at 2000 rp.m., equivalent to 40 m.p.h. 
observation of crystal formation. In these tests the 20 with 11.2 lbs. brake horsepower load, an air fuel ratio 
samples of the fuel, each containing 0.045% by weight between 135 and 14.5, water outlet temperature of 165 
boric acid and allowed to stand for extended lengths of F, water inlet tepeature of 155 F, and oil supp 
time in a desiccator-type vessel containing air saturated temperature of 195 F. 100 hours of operation under 
with water vapor, were subjected to extraction of the 25 i SE, equivalent to approximately 4000 miles of 

o 0. 

SG acid y treatment with 1. hydroxide As indicated in Table III below, the comparative runs 
solution and, after adjusting the pH and removing car- were made on initially clean engines with leaded gaso 
bon dioxide, determining the boron content by electro- line containing 3.0 cc./gal. tetraethyl lead carried in a 
metric titration using mannitol. These tests are believed "motor mix' containing 0.5 mole of ethylene bromide 
to be more accurate than visual tests in determining the 30 and 1.0 mole of ethylene chloride per mole of tetra 
percentage of boric acid retained in the fuel. The data ethyl lead, and containing in addition additives consisting 
obtained in these tests are tabulated in Table II immed- of from one to all three of the essential components of 
iately below: the additive of the present invention. . . . . 

TABLE III 

Run No.----------------------------- 1 2 3 4 5 6 7 

Concentration, percent by wt., in File of: 
Boron-------------- 0 0.008 .004 .004.008.008 
Isopropanol.----- 2.0 2.0 0.5 1.0, 0.3 0.75 
2-methyl-2.4 pentanediol -- 0 0 0 0,1 0.1 0.2 0. 

Duration of Riin. -------...-- 146 100 99 103 18 103 198 Octane Requirements: 
Initial-------------------------- 73 7 72 74.3 75.5 5 72 
Final 84 80 77 82.8 79, 5 84 84 
Ingrease----- ---- ill 9 5 8.5 4. 9 12 Deposit wits gr 
Piston Top- 29.7 37.9 22.4 22.627.3 32.0 29.1 
Exhalist Valve------------------------ 23.8, 4.2 3.4 3.95 4.2 ----- 
Inlet Valve-----------------------..... 15. 12.1 9.1 12. 12.0 - 

TABLE II Comparison of the data in runs Nos. 1 and 2 shows 
that an additive consisting of 2.0% by weight of isopro 

Additive conc. in P 50 panol without boron or a diol has very little effect in Gasoline - ercent - e o s 

Hrurs in Percent Percent HBO suppressing the octane requirement increase and has the 
P P E. B HBO R undesirable effect of increasing significantly the weight ercent Percent caO le s 

2nethyl-2.4 Isopro- - -- of deposits on the piston top, exhaust valve and inlet pentanediol panol valve. - - 

a------a-------- 55 Comparison of the data in runs Nos. 1, 2, and 3 
... 1 2.0 16 0.006 0.035 78 shows the effectiveness of boron in combination with 
: 2: 88s 88, s: isopropanol in both suppressing octane requirement in 
.2 1.0 90 0.002 0.04 90 crease and reducing the weight of deposits in the com 

83. 8:35, 88: 3. bustion chamber. It is apparent, therefore, that if proper. 
0 2.0 1 : ------ 60 precautions are observed to keep gasoline tanks reason 
3 38 is 886:88, 3. ably free of water, leaded gasoline treated with a boric 

i Crystals removed by filtering. 

The results in Table II indicate that substantially all 
the boron initially present in the gasoline containing the 
additive of the present invention remained in the gasoline 
after being in contact with saturated air for periods of 
sixteen to ninety hours, whereas approximately 68% of 
the boric acid in the gasoline samples containing 2% 
isopropanol but no diol was removed from the fuel after 
eighteen hours and practically all was removed after 
ninety hours. The results also show that extremely small 
amounts of isopropanol, e.g., 0.3%, are sufficient to in 
hibit crystallization and removal of the boric acid from 
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70 

acid-containing additive not stabilized by the presence of 
a diol would be effective in suppressing the octane re quirement increase of an engine. 
Runs Nos. 4 to 8, inclusive, show the effects of various 

relative concentrations of boric acid, isopropanol and 
diol in leaded gasoline. In run No. 4 the boron is present 
in an effective amount but the results indicate that the 
isopropanol, while present in an amount sufficient to 
insure stability of the boric acid, is not present in an 
amount sufficient to give optimum suppression of the 
octane requirement increase. In run No. 5 wherein the 
isopropanol content is increased to 1.0%, all other con 
centrations remaining the same, the octane requirement the fuel and illustrate the remarkable stabilizing effect of 75 increase was held to only 4 in contrast with the in 
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creases of 11, 9, 5 and 8.5 in respectively. 
In runs. Nos. 6, 7 and 8 the boron content in the addi 

tive was increased to 0.008% (.045% boric acid) and 
the isopropanol and diol concentrations were varied. 
Comparison of these three runs indicates, as does a com 
parison of runs Nos. 4 and 5, that the isopropanol con 
centration seems to play a part in suppressing the octane 
requirement increase, the 0.3 and 0.75% by weight con 
centrations being sufficient to stabilize the boric acid but 
sufficient only to suppress partly octane requirement 
increase. - . . . . . . In addition it may be noted that under atmospheric 
conditions of high humidity tests similar to those reported 
in the example have shown that boric acid-containing 
additives which are not stabilized by a diol tend to form deposits, predominantly of boron, on the butterfly valve 
of the carburetor and presumably also in portions of the 
intake manifold. The rate at which these deposits tend 
to be formed is not, however, one that appears to have 
any appreciable deleterious effect upon the ability of the 
boric acid to suppress the octane requirement increase 
of the engine. The use of the diol-containing additives 
of the present invention is advantageous in that they 
have been found to be stable and do not result in the 
formation of any detectable deposits on the butterfly 
valve, even when the air entering the carburetor is satu 
rated with water vapor. Likewise no detectable deposits 

runs Nos. 1, 2, 3 and 4, 

are obtained, regardless of whether the boric acid 
containing additive is stabilized with a diol or not, when 
the air entering the carburetor is relatively dry. 
As illustrative of an additive of the low alcohol type, 

an additive composition was prepared in the same man 
ner containing 2.1 parts of boric acid, 8.9 parts of hexyl 
ene glycol, and 8.9 parts of isopropanol. The glycol and 
the alcohol dissolved the boric acid upon heating and 
the additive was incorporated in the gasoline in an amount 
to provide 0.023% boric acid in the gasoline. This addi 
tive presented no difficulties in additive stability in stor 
age and was as satisfactory as the previously described 
additive from the standpoint of maintaining the boric acid 
in the gasoline. The gasoline contained 3 cc. of tetraethyl 
lead in the motor mix formula as described previously. 

Gasoline with and without this additive was tested in 
1951 Oldsmobile engines. The test involved two cycles 
one after the other. The first cycle was for 40 seconds 
at 500 rp.m. with no beam load and no brake horse 
power. The second cycle lasted 80 seconds at 1500 rp.m., 
with a beam load of 32 pounds and 12 brake horse 
power. This test lasted 140 hours and the results are 
shown in the following table: . . 

Bank 
Fuel Blank plus 

Additive 

Final Octane Requirement.---- 90.0 - 87.5 
Octane Requirement Increase 12.5 0.0 
Power Decrease at 1,500r.p.m. 37.9 . 3,47 

From the above table it will be seen that, while this 
additive does not reduce the octane requirement increase 
as dramatically as some of the examples decribed pre 
viously, this can be attributed to the lower amount of 
alcohol. The power is measured at the beginning of the 
test and at the end and the power decrease with the gaso 
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8 
line containing the additive is surprisingly small, as com 
pared with the gasoline not containing the additive. This 
can be attributed to the improved character of the de 
posits which minimized valve deterioration during the 
test and left the engine in excellent operating condition. 

This same gasoline plus the additive was tested in cars 
which had been run on gasoline not containing an addi 
tive, and were then switched to the gasoline containing 
the additive, following which the car was operated for 
the number of miles indicated in the table. The cars 
were tested at the beginning and end of the mileage run 
for acceleration and for compression pressure, with the 
following results: - 

Decrease in increase in 
Car Miles Accelera- Compres 

ition Time, sion. Pres 
percent sure, p.s.i. 

1952 Buick. 594 2.2 2, 6 
1949 Packard- 1,231 16.6 9.6 
1953 Ford----- 3,252 4.5 3.0 

The spark plugs of all three cars were examined at the 
beginning and end of the test and in all instances were 
rated as no fouling to slightly fouling, and in no case was 
the fouling significantly more severe at the end of the 
test than at the beginning. 

It is to be understood that various substitutions and 
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modifications will readily occur to those skilled in the 
art upon reading this description. Such substitutions and 
modifications are intended to be included within the scope 
of the invention as defined in the appended claim. This application is a continuation-in-part of application 
Ser. No. 371,709, filed July 31, 1953, and now abandoned. 
We claim: 
A motor fuel for internal combustion engines of the 

spark-ignition type, which fuel remains a stable and 
homogeneous solution in storage in the presence of at 
mospheric moisture consisting essentially of from 0.01 
to 0.045% by weight boric acid, from 0.1 to 0.5% by 
weight a non-benzenoid diol containing from 4 to about 
8 carbon atoms, from 0.05 to 5% by weight an alkyl 
monohydric alcohol containing up to about 5 carbon 
atoms, and the remainder being leaded gasoline. 
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