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This invention relates to an improved method for 
suppressing knock in spark-ignition, internal combustion 
engines, and particularly to a novel method of employ 
ing alkali metal antiknock compounds in a new and 
more effective form for such purpose. 

Improvements in the resistance of fuels to knock are 
currently achieved through re?ning and blending of 
hydrocarbon fractions and the use of such additives as 
the tetraethyl lead antiknock compositions of: commerce. 
However, because of limitations inherent in these ex 
pedients, new means and materials are constantly being 
sought to obviate the rising costs of meeting the increas 
ing demands for fuels for high compression engines. 

Alkali metal compounds have been proposed for a 
variety of purposes associated with the combustion of 
hydrocarbon fuels, including the function of antiknock 
agents in spark-ignition engines. Heretofore, to intro 
duce an alkali metal compound into the combustion 
zone, it has been proposed ‘to employ it as a solution 
or a suspension in the hydrocarbon fuel, or to introduce 
it separately from the hydrocarbon fuel as a dust or a 
powder or as a solution in an auxiliary fuel such as 
water, alcohol, or mixtures thereof. Under these condi 
tions, it has been found that only limited classes of 
alkali metal compounds, for example, the lithium salts 
of branched chain carboxylic acids as more particularly 
described by Sandy and Werntz in US. Patents 2,935,973, 
2,935,974, and 2,935,975, are signi?cantly effective to 
suppress knock in a wide variety of fuel types under a 
wide variety of engine conditions. . 

Alkali metal compounds suggested as antiknocks in 
the prior art, such as the alkali metal oleates and naph 
thenates and in particular Na and K salts and chelates 
of carboxylic acids and beta-dicarbonyl compounds, are 
either entirely ineffective when used conventionally or 
require specially constituted fuels (and/ or special engine 
conditions) to provide practical improvements in the 
knock-free power output of spark'ignition engines. ‘ 
An object of this invention is to provide an improved 
ethod for obtaining knock-free operation of spark-igni 

tion engines utilizing alkali metal antiknock compounds. 
Another object is to provide a method for providing alkali 
metal antiknock compounds in an improved form for 
the suppression of knock in spark-ignition engines. A 
further object is to provide a method for utilizing alkali 
metal compounds as antiknock agents whereby alkali 
metal compounds, that are normally ineffective or are 
only marginally effective by existing methods, produce 
signi?cant increases in knock-free power output of spark 
ignition engines. Other objects are to advance the art. 
Still other objects will appear hereinafter. ' 
The above and other objects of the invention are ac— 

complished by the method for suppressing knock in a 
spark-ignition internal combustion engine containing a 
combustion chamber, which method comprises induct 
ing into said combustion chamber a hydrocarbon fuel 
for said engine and air in the proportion required for 
burning said fuel, heating a vaporizable alkali metal anti 
knock compound which is an organic compound of the 
alkali metal and has a Vapor pressure ofat least about. 
0.01 mm. of mercury below about 900° F. and vaporiz 
ing a knock-suppressing quantity of said alkali metal 
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compound corresponding to at least 0.001 gram of alkali 
metal per gallon of hydrocarbon fuel, inducting the 
vaporized quantity of alkali metal compound into the 
combustion chamber simultaneously with the hydrocar 
bon fuel and air, and igniting and burning the fuel in 
the presence of the vaporized alkali metal compound. 

This invention is based on the discovery that alkali 
metal antiknock compounds can be so constituted as to 
be vaporizable and that such compounds are-much more 
effective to suppress knock when vaporized into the com 
bustion chamber than when introduced in accordance 
with prior methods. The superiority of the present meth 
od appears to lie in its ability to provide the alkali metal 
antiknock compound in an essentially vaporized (i.e. 
highly dispersed) state in quantities signi?cantly greater 
than provided by the prior methods. In other words, 
the degree of dispersion of a given amount, rather than 
the total vamount of the alkali metal compound, governs 
its effectiveness. Compared to the method of the present 
invention, introducing the alkali metal compound into 
the combustion’ zone as a solution in fuel components, 
whether by carburetion or injection techniques, furnishes 
the alkali metal compound in a relatively agglomerated, 
hence relatively ineffective, state between the time of 
initiation of the intake stroke and the ignition of the 
fuel charge. Even though, subsequent to the time of in 
duction, the temperature attained in the combustion 
chamber during vthe compression stroke may in itself 
under ordinary conditions be sutlicient to volatize the 
alkali metal compound, there apparently is too little time 
before ignition for the alkali metal compound to become 
dispersed to the degree provided by the present method. 
Thus, even with highly volatile alkali metal compounds, 
the bene?t of volatility (vaporizability) in the compound 
is largely lost, under the normal conditions of operating 
the engine, when the alkali metal compound is inducted 
into the engine’ in an essentially liquid or solid (i.e. ag 
glomerated) physical state. 
An important feature of the present invention is its 

ability to provide an alkali metal antiknock compound 
in a highly dispersed, e.g. vaporized, condition in the _ 
critical period between the intake and the combustion 
of the fuel charge. Conveniently, a suitable Li, Na or K 
compound as described hereinafter, is heated and vola 
tilized in an auxiliary apparatus and the vapors inducted 
through an appropriate intake means into the combus 
tion zone. ' Conveniently also, the volatilized metal com 
pound is conveyed (i.e. entrained) into the combustion 

_ zone by a carrier gas at a temperature su?icient to pre 
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vent condensation of the alkali metal compound before 
it enters the combustion chamber for participation in 
the combustion process. The alkali metal compound 
may be sublimed (from ‘the solid state) into the carrier 
stream or distilled into it evaporatively (from the molten 
state). For the purpose of the invention, it will be 
heated to a temperature, below its decomposition point, 
at which a signi?cant knock-suppressing amount of the 
alkali metal compound enters into the carrier stream. 
The quantity of alkali metal compound introduced will 
normally correspond to at least about 0.001 gram of 
alkali metal per gallon of the hydrocarbon fuel admitted 
to the combustion zone. The temperature of vaporiza 
tion to provide the alkali metal. in the proper form and 
amount will normally be in the range of about 300° F. 
to about 900° F., most usually from about 400° F. to 
about 800° F. Neither the carrier gas nor the fuel-air 
charge mixture to be ignited need be at the same tempera 
ture but should be at a temperature suf?cient to maintain 
the alkali metal compound in the vaporized condition. 
The alkali metal compound, in the vaporized condi 

tion, can be drawn into the combustion chamber during 
the intake stroke or pressurized into it during the com 
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pression stroke. The quantity of alkali metal compound 
entering the combustion chamber can be regulated by 
varying the temperature or rate of ?ow of carrier gas 
and/or the nature of the alkali metal compound. In 
general, the volatility, hence the relative proportion of 
the alkali metal compound in the vapor state, increases 
with temperature; the degree of volatility being a func 
tion of both the metallic part and the organic part of 
the molecule as discussed below. Preferably, the quan 
tity of alkali metal compound employed and the condi 
tions of vaporization and induction into the engine will 
be such as to provide from about 0.01 to about 1 gram 
of alkali metal per gallon of the fuel. Signi?cant im 
provements however may be obtained with much smaller 
concentrations of the metal, while larger concentrations 
are usually unnecessary. 

Suitable carriers are gases and mixtures of gases, such 
as air, nitrogen, methane, ethane, propane, hydrogen, the 
fuel-air mixture to be ignited, and their combustion prod 
ucts such as the carbon oxides. In general, any non 
reactive volatile substance may serve as carrier, i.e. that 
does not react with or adversely affect the alkali metal 
compound or its antiknock effect. Only small propor 
tions of carrier gas, based on the fuel-‘air charge, are 
required; for example, from about 0.1 to about 10 vol. 
percent of the fuel-air mixture. The total air admitted 
to the combustion zone can be proportioned so that part 
of the normal total is introduced with the hydrocarbon 
fuel and part with the alkali metal compound. For ex 
ample, if air is the carrier gas, it can be used at the same 
time to make up part or all of the air required for the 
fuel/air ratio, e.g. part can be added with the fuel and 
part with the alkali metal compound, or none added 
with the fuel and all with the alkali metal compound. If 
nitrogen is used as the carrier gas, the oxygen content 
of the normal fuel-air mixture can be increased corre— 
spondingly to provide in the combustion chamber the 
normal 80/20 nitrogen/oxygen ratio. Also, when a hy 
drocarbon fuel or a combustible gas such as CO or H2 
is employed as the carrier gas, the proportions thereof 
can be varied so that the total charge introduced into 
the combustion chamber contains the proportions of com 
bustible and combustion-supporting substances needed 
for the operation of the engine. - 
The alkali metal compound functions primarily to sup 

press the tendency of the fuel charge to cause the engine 
to knock under the stress of the engine conditions, and 
its e?ect is essentially independent of the fuel being com— 
busted. The fuel may be a normally liquid or a nor 
mally gaseous hydrocarbon fuel suitable for use in spark 
ignition internal combustion engines, particularly fuels 
which are mixtures of hydrocarbons boiling in the gaso 
line range, or a re?ned gasoline as de?ned in ASTM 
D-288—53.’ They may be clear fuels or fuels containing 
other antiknock agents such as tetraalkyl leads, e.g. con 
taining up to 6 grams of lead per gallon of fuel as tetra 
ethyl lead, tetramethyl lead, and mixtures thereof. They 
may be ?nished fuels which contain varying amounts of 
additives such as scavenging agents, dyes, antioxidants, 
anti-icing agents, rust inhibitors, inhibitors of haze and 
gum-formation, anti-preignition agents, and the like. 
Also, the fuel may be a normally gaseous hydrocarbon 
fuel, such as propane, butane, and mixtures thereof. 
The invention is independent of the particular struc 

ture of the alkali metal compound provided that the. com 
pound is sufficiently vaporizable for the intended func 
tion. In general, organic alkali metal antiknock com 
pounds, exerting a vapor pressure of at least about 0.01 
mm. Hg below about 900° F._. preferably below about 
750° F., are suitable for induction into the combustion 
chamber of the engine by the method of the invention. 
Preferred are those compounds with vapor pressures of 
at least 0.1 mm. Hg at about 750° F. and below. In 
cluded are alkali metal compounds that are sublimable 
as Well as those distillable from the molten state at the 
indicated temperatures and pressures. The vapor pres 
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sures of solid and liquid alkali metal compounds are 
conveniently determined by the transpiration method, 
which measures the weight of substance required to satu 
rate a known volume of a carrier gas at a given tempera 
ture. The carrier gas, preheated to the temperature of 
measurement, is passed at a known rate at essentially 
atmospheric pressure through a column containing the 
alkali metal compound which is heated to the temperatur 
of the gas. The amount of alkali metal compound 
vaporized at equilibruim is determined by contacting the 
gas stream with a cold surface and weighing the alkali 
metal condensate. The molar ratio of alkali metal com 
pound to carrier gas at a pressure of 760 mm. is essen 
tially equivalent to the vapor pressure in mm. of the 
alkali metal compound taken as the monomeric species. 
However, in the method of the invention, it is not 

necessary that the carrier gas be saturated with respect 
to the alkali metal compound. Usually, a less-than-satu 
rating amount of the alkali metal compound will be 
used, e.g. about 35% to about 70% saturation. Satura 
tion of the carrier gas depends upon such factors as 
?ow rate of carrier gas, rate of evaporation of the alkali 
metal compound, and the exposed surface area of the 
compound, which area in the case, for example, of a 
salt that is solid at the operating temperature will depend 
upon the size of the salt granules and the degree of pack 
ing. In any case, the amount of alkali metal compound 
introduced into the combustion chamber as vapor with 
the carrier gas should correspond to at least 0.001 gram, 
preferably about 0.-0l—l gram, of metal per gallon of the 
hydrocarbon fuel. 
As indicated above, the antiknock activity of an alkali 

metal compound is related to its vapor pressure. The 
more easily it canbe put into the highly dispersed state 
characterizing the vapor state and the greater the pro 
portion of the alkali metal compound in the vapor state, 
the greater the antiknock effect. As illustrated in the ex 

‘ amples given hereinafter, increasing the temperature used 
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to vaporize a given alkali metal compound increases the 
quantity of the alkali metal compound in the vapor stream 
inducted into the combustion chamber ‘and thereby in 
creases markedly the resistance of the operating fuel to 
cause knock. It should be understood that the term 
vaporizability as used herein implies su?‘icient thermal 
stability for vaporization to be accomplished and that 
not all alkali metal compounds are sufficiently thermally 
stable and vaporizable for the present purpose. Suffi 
ciency of vapor pressure, as measured by the transpiration 
method for example, is also a su?iciency of thermal sta 
bility for the alkali metal compound. Compounds of 
the alkali metals [that break down on being heated, even 
forming volatile products, without providing a compound 
of the ‘alkali metal in the vaporized condition, are natural 
1y unsuitable. The suitability of any alkali metal com 
pound is simply and readily determined by known meth 
ods of measuring vaporizability as discussed above. The 
operating temperature should of course be below the de 
composition temperature of the alkali metal compound 
and will vary depending on the volatility and thermal 
stability of the particular compound used and the effect 
desired. ‘The optimum range for ‘any compound is 
readily determined by trial. Raising the temperature 
above the optimum for a given compound may result in 
a decreased antiknock effect due to partial decomposition 
of (the alkali metal compound. 
For use as antiknock agents in the method of the in 

vention, alkali metal compounds, having the requisite 
volatility as determinedby the transpiration method, pref 
erably are free of elements antagonistic to organometallic 
antiknock agents. In general, elements such as Cl, Br, I, 
P and S are avoided. However, such antagonistic ele 
ments can be tolerated, provided the overall effect is a 
positive enhancement of knock resistance. Preferably, 
the organic portion of the alkali metal compounds will 
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be composed of elements of atomic numbers 1 to 9, most 
usually of C, H, and O, sometimes in combination with 
N and 1F. With lithium, the preferred alkali metal, the 
preferred antiknock compounds w?l be composed entirely 
of elements of atomic number 1 to 9. 

Representative alkali metal antiknock compounds, hav 
ing the requisite volatility and which may be used accord 
ing to the present invention, include the lithium, sodium 
and potassium salts and chelates of branched chain or 
ganic oxyacids and alcohols, speci?cally carboxylic acids, 
beta~diketones and alcohols, wherein the metal is 
bonded to oxygen; preferably saturated aliphatic acids, 
beta-diketones and ‘alcohols. It has been found that alkyl 
branches, within the first two carbon atoms of the oxygen 
bearing carbon atom, greatly enhance the volatility of the 
alkali metal derivative, and that, by such rather simple 
chemical architecture, alkali metal compounds can be 
devised that are sufficiently volatile for antiknock use 
according to the method of this invention. 

Shitable branched chain saturated carboxylic acids are 
mono-, di-, and tri-substituted acetic acids wherein the 
substituent groups are saturated hydrocarbon radicals or 
their oxa- and azo-analogs in which the heteroatom oxa 
and azo groups stand ‘for ether oxygens and tertiary 
amino nitrogens. The substituted acetic acids are prefer 
ably acyclic, open chain structures, but may contain cyclic 
groups which for reasons of thermal stability are substan 
tially strainless, i.e. 5, 6 and 7-membered rings, prefer 
ably carbocyclic. Usually, [they contain from 4 to 22 
carbons, preferably 5 to 13. The trisubstituted acetic 
acids are particularly preferred because of the superior 
volatility characteristics of their alkali metal salts. Rep 
resentative acids, which may be used as the lithium, sodi 
um and potassium salts according to the invention, are: 

Pivalic acid, i.e., 2,2-dimethylpropanoic acid 
2,2-dimethylbutanoic acid 
2,2-diethylhexanoic aicd 
a-Isopropoxyisobutyric acid 
Tris(methoxymethyl)acetic (tr-imethoxypivalic) acid 
2~ethyl-2-butyldecanoic acid 
Methoxypivalic acid 
1,2,2,3-tetramethylcyclopentane-l-carboxylic acid (carn 

pholic acid) 
2-methyl-2-diethylaminobutanoic acid 
2,2-dimethyl-3-dipropylaminopropanoic acid 
t-Butylacetic (3,3ddimethylbutanoic) acid 
t-Amylacetic acid 
t-Butylmethylacetic acid 
Ethyliisop-ropylacetic acid 
Z-ethylhexanoic acid 

Mixtures of the acids may be employed as the mixed 
salts of one or more alkali metals, as well as mixed Li, 
Na and K salts of the same branched acid. 

Representative salts ‘are lithium pivalate, potassium 
pivalate, lithium alpha-isopropoxyisobutyrate, lithium tri 
methoxypivalate, sodium alpha-isopropoxyisobutyrate, so 
dium tn'methylacetate, potassium alpha-isopropoXy-iso 
butyrate, lithium camplloliate, lithium 2-methyl-2-diethyl 
aminobutanoate, sodium 2-rnethyI-Z-dibutylaminobutano 
ate, and potassium 2,2-dimethyl-3-dipropylaminiopropano 
ate. 
The acids for salt formation may also be the mixtures 

obtained by carboxylating ole?ns such as Z-methyl-pen 
tene-l, 2,6-dimethylheptene-3, tripropylene, tetrapropylene 
(i.e. mixed tetr-amethylnonenes), and the like, with car 
bon monoxide and water in the presence of acid catalysts, 
as illustrated in US. Patent 2,831,877 and French Patent 
1,130,080, and by H. Koch in Brennstoff Chemie, 36, 3211 
(1955). Such treatment of the branched ole?ns yields 
tertiary carboxylic acids, that is, ltrialkylacetic acids. 
The volatile antiknock compounds include the lithium, 

sodium and potassium chelates of branched chain sat 
urated aliphatic beta-diketones wherein the branching is 
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6 
within the ?rst two carbons of at least one of the carbonyl 
carbon atoms, for example diketones having the formula 

where R may be a branched alkyl group such as tert. 
alkyl, sec. alkyl, neoalkyl, 0r isoalkyl, having up to 8 
carbon atoms, and R’ may be an alkyl group having up 
to 8 carbon atoms including R, or a lower poly?uoroalkyl 
radical such as tri?uoromethyl, omega-hydrotetra?uoro~ 
ethyl, penta?uoroethyl, and octafluoroisobutyl radicals. 
Preferred beta-diketones are those in which both R and 
R’ represent a tertiary alkyl radical such as tert.-butyl. 
Speci?c representative alkali metal beta-diketonates are 
the lithium, sodium and potassium chelates of dipivalcyl 
methane, pivaloyl acetone, diisobutyryl methane, pivaloyl 
trifluoroacetone, 2-methy1-7—ethyl-nonanedione-4,6, and 
2,8,10,10 - tetramethylundecandione - 4,6; e.g. lithium 
dipivaloylmethane, potassium dipivaloylmethane, sodium 
dipivaloylmethane, and lithium pivaloyltri?uoroacetonate. 

Also, the volatile alkali metal compounds include 
branched chain saturated aliphatic alcoholates, particu 
larly tertiary and secondary alcoholates, which may be 
unsubstituted or substituted as discussed and. illustrated 
above in respect to the carboxylates and beta-diketonates. 
Thus, the alcoholates may contain alkoxy, dialkylamino 
and poly?uoroalkyl groups. Examples of suitable alco 
hols are: - 

Bis (per?uoroisopropyl) carbinol 
2-methy1~3,3,4,4-tetra?uorobutanol 
1, 3 -bis (N, N- dimethylamino) -2-methylprop an-2-ol 
Tertiary butanol 
1,3-dimethoxy-2-methylpropan-2-ol, and the like. 

Representative speci?c alcoholates are: 

Lithium bis-(per?uoroisopropyDcarbinolate 
Lithium tertiary-butoxide 
Sodium tertiary-butoxide 
Potassium tentiary-butoxide 
Lithium 2-methyl-3,3,4,4-tetra?uorobut-2-oxide 
Lithium 1,3 - bis(N,N-dirnethylamino) -2-methylprop-2 

oxide 
Lithium 1,3-dimethoxy-Z-methylprop-2-oxide 
The discovery of volatility for alkali metal compounds 

is particularly surprising inasmuch as the salts and che 
lates of organic acids are generally regarded as ionic, 
i.e. salt-like substances, and hence (practically speaking) 
nonvolatile within the thermal stability limits of the 
organic portions of the structures. Thus, as gasoline 
additives, they do not carburete in the usual way with 
the vaporized, i.e. with the light end portions, of the hy 
drocarbon fuel charge, but when successfully “carburet 
ted” appear to pass through the induction system as liquid 
phase, i.e. with the heavy ends of the gasoline. Also, 
attempts to distill an alkali metal derivative of an or 
ganic compound generally results in destruction of the 
‘molecule, and indeed, such destructive distillation of 
alkali metal carboxylates (e.g. hexanoate, stearate, ol-eate) 
has been utilized for the preparation of volatile metal 
free carbonyl compounds and hydrocarbons. The metal— 
free products distill away from the metal, which remains 
in a substantially nonvolatile form, principally as the car 
bonate, which is inoperable in the present method. Such 
alkali metal salts of the straight chain fatty acids as 
above are not vaporizable alkali metal antiknock com 
pounds within the meaning of the term for the present 
invention as they lack the requisite thermal stability and 
volatility, i.e. ability to carry the alkali metal into the‘ 
vapor state in knock suppressing proportions. 
While the lithium compounds are preferred for rea 

sons of greater volatility, thermal stability and effective 
‘ness as antiknock agents in the method of the inven 
tion, the sodium and potassium compounds are also use 
ful by the present method, and it should be noted that 
sodium and potassium compounds in general are prac 
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tically ineffective when used by the other methods of the 
art unless special conditions and fuels are employed. 
The marked effectiveness of the vaporizable alkali 

metal antiknock compounds by the present method in 
both leaded and unleaded fuels permits the use of relative 
ly low octane fuels in high compressions, i.e. high octane 
requirement engines. Such improvements are not ordi 
narily obtainable by the use of other antiknock agents 
alone or without ?rst profoundly altering the structure. 
i.e. the octane rating, of the hydrocarbons comprising the 
gasoline. 

Another important consequence of the present dis 
covery is that signi?cantly smaller concentrations of alkali 
metal antiknock compound can be used to provide a 
given antiknock response. The smaller concentrations 
offer the advantages of a smaller contribution of the 
alkali metal to combustion chamber deposits. 

This invention may be best understood by reference 
to the accompanying drawings in which: 
FIGURE 1 is a side view of a diagrammatical repre 

sentation with parts in cross-section of one form of‘appa 
ratus which may be used in the process of this inven 
tion; and ' 
FIGURE 2 is a view in longitudinal cross-section of 

the intake valve assembly employed in the apparatus of 
FIGURE 1. 

Referring ?rst to FIGURE 1, the alkali metal vapor 
induction unit consists essentially of a vaporization cham 
ber 10, a carrier gas inlet tube 12, an intake tube 14, and 
an electromagnetically operated intake valve 16 for ad 
mitting vaporized alkali metal compound into the com 
bustion chamber 18 of a spark-ignition engine 20. The 
engine 29 is provided with a conventional piston 22, an 
inlet line 24 and valve 26 for fuel and/ or air, and an 
exhaust line 28 and valve 3%. Provision is made as at 
32 for direct fuel injection into the combustion chamber 
13, as desired. 
For ease of assembly, the bottom of the vaporization 

chamber 10 is in the form of a removable cup 34 and 
has a grid 36 to support pellets of alkali metal compound. 
Tube 12 passes through grid 36 to open into the space 
between the grid and the floor of the cup 34, as shown. 
Intake tube 14 is ?tted with a valved takedo? line 38, 
leading to ‘a sampling and analyzing system (not shown). 
The exposed outer wall surfaces of the induction unit 
(i.e. the outer surfaces of the vaporization chamber 10, 
cup 34,, tubes 12 and 14, and valve 16) are wrapped 
with electrical resistance heating wire 46 and covered 
with an outer ceramic asbestos coating 42. 7 

Referring more speci?cally to FIGURE 2, the valve 16 
consists essentially of a cylinder 44, having a longitudinal 
bore‘ 46 to accommodate valve stem 48, machined to 
provide valve seat 51} for valve face 52, threaded on the 
end at 54 for attachment to the combustion chamber 18 
of the engine, and machined to accommodate intake tube 
14, as shown. The reduced diameter 4-9 of the valve stem 
48 serves to provide a passageway for vaporized antiknock 
compound from intake tube 14 to the combustion chamber 
18 when valve face 52 is away from its seat 50, i.e. when 
valve 16 is open as shown in FIGURE 2. Valve stem 48 
is moved to open the intake valve by supplying electrical 
energy to the electromagnet 56. The intake valve 16 is 
closed by spring 58 when the magnetic ?eld is relaxed, 52 
closing on Si}. When the magnetic ?eld is applied, the 
tension of the spring 58 is overcome and the valve stem 
is moved to open the valve. 
To illustrate the operation of the apparatus of FIG 

URES l and 2, and the effectiveness of vaporizable alkali 
metal antiknock compounds when inducted into an engine 
by the process of this invention, the alkali metal induction 
unit was employed in conjunction with a CPR-single cylin 
der engine, as speci?ed in the ASTM supercharged meth 
od (ASTM D 909—49T), the ‘engine being coupled to a 
variable speed electric dynamometer, and having its cyl 
inder head ?tted with both a fuel injection system for 
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injecting the operating fuel directly into the combustion 
chamber and a magnetostrictive-rate-of-change-of-pres 
sure pickup for detecting knock visually on an oscilloscope. 

In the operation of the unit, 3/16" pellets of alkali metal 
compound are placed on the grid 36 of cup 34 and heated, 
by means of the electrical resistance heating wire 40 sur 
rounding the vaporization chamber 19, to a temperature 
which vaporizes the alkali metal compound at the desired 
rate. Tubes 12 and 14 and valve 15 are heated similarly 
and are maintained at a temperature slightly higher, e.g. 
about 5° F. to about 50° F. above that of the vaporiza 
tion chamber to prevent condensation of alkali metal 
compound in those parts of the unit. A carrier gas, e.g. 
air or N2, is admitted into the vaporization chamber It) 
by way of tube 12 at a controlled rate, and is heated to 
the temperature of the system. Entering cup 34 below 
grid 36, the heated carrier gas passes up through the 
eated alkali metal compound and carries vapors thereof 

into the combustion chamber 13 via tube 14 and valve 16 
when the valve is open as in FIGURE 2. A set of contact 
points, driven by the engine, supplies electrical energy to 
open the valve 16 at 30‘ crankangle degrees after top cen 
ter and to permit it to close at 150‘ crankangle degrees 
after top center on the intake stroke. At the same time, 
the hydrocarbon fuel and air, in the proportion required 
for burning the fuel, are introduced into the combustion 
chamber of the engine. 
The amount of alkali metal compound entering the 

combustion chamber was determined by diverting the car 
rier gas-alkali metal vapor stream composition (from its 
normal path into 18) into the sampling system via 38. 
The sampling system consisted of a series of chilled ?lters 
of pore size 0.3-0.4 micron (to completely remove the 
alkali metal compound). and a rotometer for measuring 
the carrier gas. Determining the amount of alkali metal 
compound removed from a given volume of carrier gas 
enables the calculation of the amount of alkali metal com 
pound entering the combustion chamber with a given 
volume of carrier gas. The results described in Examples 
1 to 4 given hereinafter were obtained with a carrier gas 
flow rate of 2 volume percent of the combustion air ?ow 
rate into the engine. 

It should be noted that the preceding description of the 
apparatus and its operation are based on alkali metal 
compounds which are solid and which sublime into the 
carrier gas stream at the temperature of vaporization. 
When the alkali metal compound is molten at the operat 
ing temperature, grid 36 can be dispensed with and the 
inlet tube 12 may terminate close to the'molten surface 
or may dip below it, with substantially equivalent results 
being obtained. 
The process of the invention and the apparatus that 

may be employed therein has been illustrated above with 
standard test engines under standard conditions for evalu 
ating fuels and additives. The apparatus and the process 
however are adaptable to commercial multicylinder spark 
ignition engines. For example, the vaporization chamber 
10 can be ?tted with a multiplicity of intake tubes 14 and 
valves 16, one for each cylinder of the engine. Alterna 
tively, a complete separate vaporization unit may be pro 
vided for each cylinder. The vaporization and feed 
process can be electronically automated, in response to 
the rate of change of pressure in the cylinder, to supply 
antiknock compound on demand to any one or more of 
the cylinders, and in varying amounts according to the 
requirement of the particular cylinder. 
Another procedure is to insert one or more cartridges 

of a solid sublimable alkali metal compound, such as 
lithium pivalate, in the intake manifold of the engine, 
arranged in series or parallel. with the heated fuel-air mix 
ture, or with the heated air supply of supercharged en 
gines. Such cartridges can be heated by the hot feed gases 
or heated separately, as by a self-contained electrical heat 
ing unit. The parallel arrangement is more amenable to 
automatic control, using appropriate by-pass lines and 
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valves, so that the alkali metal compound as vapor may 
be fed into the fuel~air intake system only when needed. 

In order to more clearly illustrate this invention, pre 
ferred modes of practicing it, and the advantageous re 
sults to be obtained thereby, the following examples are 
given in which the amounts and proportions are by weight 
except where speci?cally indicated otherwise. 

EXAMPLE 1 

The apparatus shown in the drawings was used and was 
operated in the manner described hereinbefore in con 
nection therewith, operating the CPR-single cylinder en 
gine under the following conditions: 

Engine Conditions 

Speed, r.p.m ______________________________ __ 600. 

Inlet air temp, ° F __________ __v ____________ __ 165. 

Spark advance, ° B.T.C ___________________ __ 13. 

Jacket coolant temp, ° F _____ __ _ _______ .._ 375. 

Manifold air pressure, Hg abs _______________ .._ 30. 
Fueleair ratio _______________ _; ____________ __ 0.080. 

Fuel induction _____________ __ Direct cylinder injection 
at 50° A.T.C. on the 
intake stroke. 

Compression ratio __________ _. Varied to produce trace 
knock. 

The engine was calibrated by operating it under these 
conditions on a series of primary reference fuels (a mix 
ture of isooctane and n-heptane or a mixture of isooctane 
and tetraethyl lead) and the compression ratio varied to 
produce trace knock with no alkali metal compound 
being introduced into the engine in any manner or form. 
From the data obtained, the knock-limited compression 
ratio for any other fuel or fuel additive combination 
could be converted to conventional performance number 
ratings (P.N.). 
As a control, the engine was run on a blended automo 

tive type gasoline containing various amounts of lithium 
pivalate solubilized therein by means of 5 volume percent 
ethanol, and the knock-limited compression ratio deter 
mined for each composition. Then, in accordance with 
the method ‘of this invention, the engine was run on the 
same base gasoline not containing dissolved additive, but 
the additive, lithium pivalate (LiP), was introduced sep 
arately as vapor by means of the vapor induction appara 
tus of the drawings. The results of these experiments are 
tabulated below: 

LiP as gasoline LiP as vapor 
solution 

Cone. Temp. of Cone. 
of LiP Increase in vaporiz., oi LiP Increase in 
g./gal. P. N. ° F. sisal. P. N. 
fuel fuel 

0 _____ -_ O ______ __ 

1 690 1' 8. 2 
2 702 1. 6 11.6 
4 722 3. 2 33 
6 740 5. 5 39 

The data indicate that lithium pivalate, introduced as 
vapor by the method of this invention, is at least about 3 
times as effective to suppress knock as lithium pivalate in 
troduced as a fuel solution. It will be noted that increas 
ing the temperature of the vaporization chamber 10 in 
creases the amount of the alkali metal antiknock com 
pound delivered to the combustion zone, a relatively 
small increase in temperature resulting in a very large 
increase in knock resistance. ' 

EXAMPLE 2 

The engine of Example 1 was modi?ed by removing the 
fuel injection system and installing a standard carburetor 
and induction system as speci?ed in ASTM motor method 
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(ASTM D-357). The engine and auxiliary equipment 
was operated in the manner described in Example 1, but 
under different engine conditions as noted below. Alkali 
metal compounds, as listed below, were inducted as 
vapor in ya heated stream of nitrogen as in Example 1. 
The operating fuel was the gasoline of Example 1. 

Engine Conditions 

Speed, -r.p.m ____________________________ __ 900. 

Inlet mixture temp, ‘’ F _________________ __ 300. 

Spark advance, ° B.T.C_; ________________ __ 15 to 20‘. 
Jacket coolant temp, ° F ________________ __ 212. 

Manifold air pressure, Hg abs _____ _. Atmospheric. 
Fuel-air ratio __________________________ __ 0.080. 

Fuel induction __________________ .._ Carbureton. 

Compression ratio _______________ _. Varied to produce 
trace knock. 

Improving Knock Resistance With Vaporized Alkali 
Metal Antiknocks 

Spark advance, 15° BTC—Base fuel rating, 66 P.N. 

Temp. of 
vaporiz. Cone. of In crease 

Antiknock compound chamber, compound in RN. 
° F. gjgal. fuel , 

Lithium pivalate (pelletized) _____ __ 665 1.0 1(0. 07) 15.5 
695 3. 2 (0. 224) 32. 6 

v 710 10. 4 (0. 728) 40 
Lithium alpha -isopropoxyisobuty- 535 1. 3 (0. O6) 5 4 
rate. 625 4. 9 (0. 23) 31 

690 7. 2 (0. 432) 46 
Lithium dipivaloyl-methane ______ __ 400 0. 4 (0 015) 2. 5 

435 1. 2 5. 5 
400 3.3 19. 5 
475 5.1 30 

Lithium pivaloyltritiuoroacettmate. 412 0.5 (0.017) 4 
460 3. 8 10 
485 9.7 15 

Lithium eampholate ______________ __ 770 4.3 1(0.17) 18. 5 
790 10. 5 3s 

Lithium trimethoxypivalate ______ __ 655 0.05 (0.0018) 1 
740 0.1 2 
790 0. 6 (0. 0216) 4 

Potassium pivalate _______________ __ 750 0. 8 (0.22) > 8.8 
760 1. 3 9.5 
782 2 16. 5 
815 3.5 23 5 

Potassium dipivaloylmethane _____ _. 535 0. 4 (0. 07) 4. 0 
640 0.6 9.7 

Sodium dipivaloylmethane _______ __ 425 O. 6 (0. 07) 4. 4 

1'0 (0 055) Sodium a1 ha -iso r0 0x -ist'-buty_ 6 0.4 . . 
rate. p p p y 655 1.2 18.7 

700 2.1 31. 4 

lf'l‘he number in parentheses under concentration is g. alkali metal/gal. 
of uel. 

When lithium alpha~isopropoxyisobutyrate was dis 
solved in the fuel in the proportion of about 5 grams/gal 
lon of fuel (corresponding to about 0.25 gram Li/ gallon of 
fuel) and the fuel injected into the combustion chamber 
by fuel injection under engine conditions similar to those 
above, the increase in performance number was 12.5 
units. -When the same proportion of this compound was 
introduced into the combustion chamber as vapor, under 
comparable conditions, the increase in performance num 
ber was 31 units. 

EXAMPLE 3 

This example shows the antiknock activity of the va 
porized alkali metal compounds with many different fuel 
types. The engine was operated as in Example 2, with a 
spark advance setting of 20° :B.T.C. Lithium pivalate 
(granulated) was used in the vaporizing chamber and the 
temperature varied to produce different concentrations of 
lithium‘pivalate relative to the fuel. Fuels used, and the 
vresults, in terms of the increase in performance number 
of the fuel due to the presence of the vaporized lithium 
pivalate, are shown below. 



3,106,194 

Test Results 

Temp. of Increase 
Base fuel Base fuel vaporiz. Cone. of MP in RN. 

I’. . chamber. gJgal. fuel due to 
°1<‘. L1]? 

70 692 3.1 64 
35. 9 695 3. 2 15 
53. 0 685 2. 4 59 
58. 3 673 2. 0 56 
58.3 720 11.51 (0.805) 110 

E ______________________ __ 100 655 2. 3 (0. 15) 52 
F ______________________ __ 48.0 675 1. 7 12 

48.0 687 2. 9 36. 6 
700 4. 5 55 
735 9 76 

62. 5 645 0.9 (0.06) 7. 7 
672 2. 3 23.3 

81 688 2. 5 36 
83 680 2. 0 25 
62. l 657 2. 0 20. 5 

685 4.1 29. 5 
77. 5 662 2. 0 20. 9 

715 4.1 30. 3 

f 1 I'I‘he numbers in parentheses are grams of alkali metal per gallon of 
ue . 

The base fuels were: 

(A) 115/145 aviation base stock. Greater than 90% 
aviation alkylate, 89% saturates, 11% aromatics, 0% 
ole?ns. . 

(B) 50 O.N. primary reference fuel (50% isooctane, 
50% n-heptane). 

(C) 76 O.N. primary reference fuel (76% isooctane, 
24% n-heptane). 

(D) 80 O.N. primary reference fuel (80% isooctane, 
20% n-heptane). 

(E) Isooctane. 
(F) Straight-run gasoline. 100% saturates, less than 1% 

aromatics, less than 11% ole?ns. Octane number 70 
by research method (ASTM-D-908-51). 

(G) Blended gasoline. 10% motor alkylate, 90% cata 
lytic cracked. Analysis: 60% saturates, 16% aro 
matics, 24% ole?ns. ‘Octane number 86.9 by research 
method, 79.8 by motor method (D-357). 

(H) Blended gasoline. 20% catalytic reformate, 34% 
light alkylate, 24% xylene, 12% toluene, 10% isopen 
tane, 2% butane. Analysis: 54% saturates, 461% aro 
matics, less than 0.5% ole?ns. Octane number 100.9 
by research method, 90.0‘ by motor method. 

(1) Commercial premium gasoline containing 1.50 ml. 
of TEL/gallon. Analysis: 36% saturates, 42% aro 
matics, 22% ole?ns. Octane number 100.2 by re 
search method, 887 by motor method. 

(J) Blended gasoline—19% n-heptane, 5% cyclohexane, 
5% methylcyclohexane, 5% methylcyclopentane, 15% 
diisobutylene, 15% isoheptenes, 112% toluene, 12% 
xylene, 12% ethylbenzene. Analysis: 34% saturates, 
36% aromatics, 30% ole?ns. Octane number 93.4 by 
research method, 81.1 by motor method. 

(K) Gasoline 1+3 ml. tetraethyl lead (TEL)/gallon. 
‘Octane number 100.4 by research method, 88.0 by 
motor method. 

The above results indicate that with paraf?nic fuels, 
particularly the branched paraf?ns such as the alkylate 
fuel A and the primary reference fuels 0 through E, the 
antiknock effectiveness of lithium pivalate was greater 
than in fuels containing appreciable amounts of aromatics 
and ole?ns such as fuels G through K. However, the 
lithium pivalate was very effective with all fuels. The 
presence of tetraethyl lead (TEL) in the fuel had little 
or no effect on the antiknock activity of the alkali metal 
compound, as illustrated by the data with fuels I and K. 

EXAMPLE 4 

The data below show the antiknock activity of various 
alkali metal alkoxides. The engine was operated essen 
tially as in Example 1. The operating fuel was a full 
boiling range gasoline containing 39% aromatics, 10% 
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ole?ns, and 51% saturates having a research octane num 
ber of 92. 

Temp. Vap. Cone. of 
Antiknoek compound for vapor temp, compound, Increase 

press ° F. g./gal. fuel in RN. 
1 mm., 

° F. 

(1) Lithium bis-(per?uoro- 224 230 11.6 1 (.22) 6 
isopropyl) earbinolate. 

(2) Lithium tertiarybut- 284 300 1.15 (.10) 10 
oxide. 360 3. 94 (. 24) 37 

370 4.14 (.36) 40 
405 10.8 (.93) 58 

(3) Sodium tertiarybut- 356 320 0.25 (.06) 0.5 
oxide. 340 0. 73 (.18) 3. 5 

365 1. 82 (. 44) 19. 6 
375 1. 98 (.48) 19 
400 3.44 (.82) 31 
420 4.59 (1.10) 38 

(4) Potassium tertiarybut- 428 365 2. 08 (.72) 48 
oxide. 385 4.20 (1.46) 53 

(5) Lithium 2-metl1y1-3,3,4, 437 420 16.95 (.70) 8 
4-tetra?uorobut-2- V 

oxide. 
(6) Lithium 1,3-bis (N,N— 460 400 1.40 (.06). 3 

dimethylamo)~2- 420 5.74 (.24) 0 
methylprop-2-oxide. 440 10.00 (.42) 10 

(7) Lithium 1,3-dimeth0xy- 473 380 2.01 (.13) 18 
2-methylprop-2-oxide. 400 3. 30 (. 16) 31 

425 11.7 (.58) 43 
440 28.2 (1.06) 64 

1 Numbers in parentheses are grams of alkali metal/gal. fuel. 

The second column of the above table gives the tem 
perature at which the respective alkali metal compounds 
exert a vapor pressure of 1 mm. of Hg, obtained by inde 
pendent measurement. The third column gives the oper 
ating temperature of the vaporization unit. The last col 
umn gives the increase in performance number obtained. 

The ?uorine and amino-substituted alkoxides appear 
less effective on an equal metal weight basis than the 
alkoxides composed only of C, H, ‘O and metal. How 
over, all are operable. 
The following alkali metal compounds, in the above 

procedure, gave no significant ancrease in the performance 
number of the fuel; the compounds either decomposed 
in the vaporization unit or [failed to volatilize (i.e. sublime 
or distill) : 

Li naphthenate, 
Na naphthenate, 
K naphthenate, 
Li oleate, and 
Li acetyl acetonate. 

For example, potassium naphthenate tested over the 
range 200° F. to 900° F . showed no sign of sublimation, 
no alkali metal compound could be ‘detected in the carrier 
gas stream and no improvement observed in the per 
formance number of the operating fuel charge. Exactly 
the same results were obtained with Li oleate. Lithium 
naphthenate, when heated, showed signs of subliming at 
850° F. At this temperature, the carrier gas momen 
tarily contained alkali metal compound corresponding 
to 0.03 g. Li/igal. of the gasoline ‘and provided an in 
crease in performance number of 1; however, at this 
point also, the compound apparently decomposed for 
within a matter of minutes and antiknock effect disap 
peared altogether. Sodium naphthenate behaved simi 
larly: on reaching 900° F. slight sublimation began and 
the vapor momentarily contained 0.13 g. Na/ gal. of the 
gasoline which provided an increase in performance num 
ber of 2, but very soon the antiknock effect disappeared 
and no further activity was observed on continued heating 
at 900° F. On heating lithium 'acetylacetonate, a mo 
mentary large antiknock effect was observed ‘at 600° F. 
(0.12 g. Li/ gal. providing an increase in performance 
number of 22); at this point however the compound be 
gan to decompose and within 2~3 minutes the increase 
in performance number fell to zero and no further anti 
knock effect could be obtained at 600° F. or higher tern 
perature. In comparison, the compounds of this inven 
tion showed continued (no-t just momentary) volatiliza 
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tion and the antiknock er'fect lasted inde?nitely under the 
conditions of the test. 
Use of a vaporiza'ble metal antiknock compound in the 

conventional intake manifold of a spark-ignition engine 
is illustrated in the following Example 5. 

EXAMPLE 5 

The fuel-air mixture heater of a standard motor method 
(ASTM D—357) engine was ?tted with a thermocouple 
between the heater blades, and the unit enclosed with a 
stainless-steel wire mesh screen so that 5A6” pellets of test 
compounds could be contained inside the screen in close 
contact with the heater blades. With the thus modi?ed 
heater in place and containing marble chips as a control, 
the engine was openated under the standard motor method 
conditions, except that temperature control over the 
heater (and hence over the fuel-air mixture at the intake 
port of the engine) was manually controlled. Using a 
blended automotive type leaded gasoline, an octane num 
ber rating of 88 (70 performance number) was obtained 
for the gasoline at a fuel-air mixture temperature of 
300° R, which was the same value obtained by the stand 
ard motor method with the unmodified heating unit. 
Using the same fuel, the compression ratio for standard 
knock intensity was determined for various fuel-‘air mix 
ture temperatures to establish control values. 
The engine tests were then repeated with 3/16" diameter 

pellets of alkali metal compound as described below in 
place of the marble chips in the enclosure surrounding 
the (fuel-air mixture heater ‘blades. 

(A) When pelletized lithium pivalate was used, the 
compression ratio for standard knock intensity was sig 
ni?cantly greater than when marble chips were used at 
all fuel-air mixture temperatures above 150° F. At a 
mixture temperature of 227° F. (corresponding to a tem 
perature of 575° F. for the lithium pivalate pellets at 
the heater blades, which was su?icient to produce sub 
stantial vaporization ‘of the lithium pivalate into the fuel 
mixture), the knock intensity decreased rapidly to zero, 
both audibly and as measured by the standard knock 
meter. Standard knock intensity could not be established 
even though the compression ratio was increased to above 
10 to 1. Thus the quality of the gasoline had been in 
creased by the lithium pivalate vapors to ‘greater than 
147 performance numbers. 

(B) Repeating (A) with 9A6" pellets of the lithium 
chelate of dipivaloylmethane, the knock intensity of the 
gasoline was found to be signi?cantly increased at all fuel 
air mixture temperatures above 125° F.; but, when the 
mixture temperature reached 190” F. corresponding to a 
Li compound temperature of 360° F., the knock intensity 
decreased to zero even at a compression ratio of 10 to 
1. Thus, as in (A), the quality of the fuel has been 
appreciated to better than 147 performance numbers. 

(C) Repeating the above procedure with pelletized 
lithium alpha-isopropoxyisobutyrate gave substantially 
identical results. With the lithium compound at a tem 
perature of 400° F. and a tuelaairrmixture temperature 
at 190° F., no knock could be detected at a 110 to 1 com 
pression ratio corresponding to a performance number 
requirement of at least 147 ‘for the operating fuel. Thus, 
as in (A) and (B), the original 70 performance num 
ber fuel had been improved in quality by the presence of 
the vaporized alkali metal compound by at least 77 per 
formance numbers. 

In this Example 5, the pellets of the lithium compounds 
were prepared from powdered solid, without the use of 
a binder, in a conventional pelletizing machine. 

Pelletized compounds can be also prepared by pouring 
a saturated methanolic solution of the compound over 
glass beads and allowing the solvent to evaporate. Sub 
stantially identical results are obtained with such prepa 
rations in the above engine procedure. 

It will be understood that the preceding examples have 
been given for illustrative purposes solely and that this 
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invention is not limited to the speci?c embodiments de 
scribed therein. \On the other hand, it will be readily 
apparent to those skilled in the art that, subject to the 
limitations set forth in the general description, the alkali 
meal antiknock compounds, the carrier gas, the propor 
tions, the conditions, and the apparatus employed, may 
be widely varied without departing from the spirit or 
scope of this invention. 
From the preceding disclosure, it will be apparent 

that this invention provides a novel method for suppress 
ing knock in sp-arkaignition internal combustion engines 
and particularly for introducing the alkali metal anti 
knock compounds into the combustion chamber of the 
engine in a new (vaporized) {form whereby greatly im 
proved performance of the engines can be obtained. 
Therefore, it will be apparent that this invention con 
stitutes a valuable advance in and contribution to the 
art. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are de?ned as -fol 
lows: 

1. The method for suppressing knock in a spark-igni 
tion internal combustion engine containing a combustion 
chamber, which method comprises inducting into said 
combustion chamber a hydrocarbon fuel for said engine 
and air in the proportion required for burning said fuel, 
heating a vaporiz-able alkali metal an-tiknock compound 
which is an organic compound of the alkali metal and 
has a vapor pressure of at least about 0.01 mm. of mer 
‘cury below about 900° F. and vaporizing a knock-sup 
pressing quantity of said alkali metal compound corre 
sponding to at least 0.001 gram of alkali metal per gal 
lon of hydrocarbon fuel into a nonreactive carrier gas, 
induc-ting the carrier gas and the vaporized quantity of 
alkali metal compound into the combustion chamber 
simultaneously with the hydrocarbon fuel and air, and 
igniting and burning the fuel in the presence of the va 
porized alkali metal compound. 

2. The method for suppressing knock in a spark-igni 
tion internal combustion engine containing a combustion 
chamber, which method comprises inductin-g into said 
combustion chamber a hydrocarbon fuel ‘for said engine 
and air in the proportion required ‘for burning said ‘fuel, 
heating to a temperature of from about 300° F. to about 
900° F. a vaporizable alkali metal antiknock compound 
which is an organic compound of the alkali metal and 
has a vapor pressure of at least about 0.01 mm. of mer 
cury below about 900° F. and vaporizing a knock-sup 
pressing quantity of said alkali metal compound corre 
sponding to at least 0.001 gram of alkali metal per gal 
lon of hydrocarbon fuel into a nonreactive carrier gas 
which is at a temperature sufficient to maintain the alkali 
metal compound in the vapor state, inducting the carrier 
gas and the vaporized quantity of alkali metal com 
pound into the combustion chamber simultaneously with 
the hydrocarbon fuel and air, and igniting and burning 
the fuel in the presence of the vaporized alkali metal 
compound. 

3. The method for suppressing knock in a spark-igni 
tion internal combustion engine containing a combus 
tion chamber, which method comprises rinductin-g into 
said combustion chamber a hydrocarbon ‘fuel for said 
engine and air in the proportion required for burning said 
fuel, heating to a temperature of from about 300° F. to 
about 900° F. a vaporizable alkali metal .antiknock com 
pound which has a vapor pressure of at least about 0.01 
mm. of mercury below about ‘900° F. and vaporizing a 
knock-suppressing ‘quantity of said alkali metal com 
pound oorresponding to at least 0.001 gram of alkali 
metal per gallon of hydrocarbon fuel into a minor pro 
portion of a nonreactive carrier gas which is at a tem 
perature suf?cient to maintain the alkali metal compound 
in the vapor state, induct-mg the carrier gas and the 
vaporized quantity of alkali metal compound into the 
combustion chamber simultaneously with the hydro 
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carbon ‘fuel and air, ‘and igniting and burning the fuel 
in the presence of the vaporized alkali metal compound, 
said alkali metal antiknock compound being selected from 
the group consisting of the lithium, sodium and potassium 
salts and chelates of branched ‘chain saturated ahiphatic 
carboxylic acids, branched chain saturated aliphatic beta 
ydiketones and branched chain saturated aliphatic alcohols 
which acids, beta-dtiketones and alcohols are composed 
of elements selected from the group consisting of carbon, 
hydrogen, oxygen, ?uorine and nitrogen atoms including 
at least carbon, hydnogen and oxygen, and in which salts 
and chelates the alkali metal is bonded to the branched 
organic portion of the compound through oxygen. 

4. The method for suppressing knock in a spark-igni 
tion (internal combustion engine containing a combus 
tion chamber, which method comprises inducting into 
said combustion chamber a hydrocarbon fuel for said en 
gine and in the proportion required \for burning said 
fuel, heating to a temperature of from about 300° F. 
to about 8001” F. a vaporizable alkali metal antikrnock 
compound which has a vapor pressure of at least about 
0.1 mm. of mercury below about 756~° F. and vaporizing 
a knock-suppressing quantity of said alkali metal com 
pound corresponding to ‘from about 0.01 to about v1 gram 
of alkali metal per ‘gallon of hydrocarbon fuel into from 
abut 0.1% to about 10% by volume based on the fuel 
air mixture of a nonreactive carrier gas which is at a 
temperature sufficient to maintain the alkali metal com 
pound in the vapor state, inducting the canrier gas and 
the vaporized quantity of alkali metal compound into 
the combustion chamber simultaneously with [the hydro 
carbon ‘fuel and air, and igniting and burning the fuel in 
the presence of the vaponized alkali ‘metal compound, 
said ‘alkali metal antikniock compound being selected from 
the group consisting of the lithium, sodium and potas 
sium salts and chelates of branched chain saturated ali 
phatic cerboxylic acids, branched chain saturated ali 
phatic beta-diketones and branched chain saturated ali 
phatic alcohols which acids, beta-diketones and alcohols 
are composed of elements selected from the group con 

' sistintT of carbon, hydrogen, oxygen, ?uorine and nitrogen b 
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atoms including at least carbon, hydrogen and oxygen, 
and in which salts and che a es the alkali metal is bonded 
to "the branched organic portion of the compound through 
oxygen. 

5. The method for suppressing knock 1in a spark-igni 
tion internal combustion engine containing a combustion 
chamber, ‘which ‘method comprises inducting into said 
combustion chamber a hydrocarbon fuel for said engine 
and air in the proportion required for burning said fuel, 
heating to a ‘temperature of {from about 400° F. to about 
809° F. a vaporizable alkali metal antiknock compound 

which has a vapor pressure of at least about ‘0.1 of mercury below about 750° F. and vaporizing a knock 

suppressi-ng quantity of said alkali metal compound corre 
sponding to from about 0.01 :to about 1 of alkali 
metal per gallon of hydrocarbon fuel into from about 
0.1% to about v10% by volume based on the fuel-air mix 
ture of a nonreactive carnier gas which is at a tempera 
ture sufficient to maintain the ‘alkali metal compound in 
the vapor state, ind-noting the carrier gas and the vaporized 
quantity of alkali metal compound into the combustion 
chamber simultaneously with the hydrocarbon fuel and 
air, and igniting and burning the fuel in the presence 
of the vaporized alkali metal compound, s id alkali metal 
antilon-ock compound being an alkali metal salt of a 
branched chain saturated aliphatic carboxylic acid, which 
alkali metal has an atomic weight between 6 and 4t) 
and which acid is composed of carbon, hydrogen and 
oxygen. ~ 
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