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This invention relates to a method of operating
internal combustion engines, and more particu-
- larly to a method of improving combustion by
creating and maintaining combustion-improving
catalytic deposits in the combustion chamber of
an internal combustion engine by introducing
into the combustion chamber during the opera-

tion of the engine an internal coolant liquid con- -

taining a small but effective quantity of one or
more compounds of catalytic-metals.
In the patents to Lyons and McKone, U, S.

" Patents Nos. 2,086,775 and 2,151,432, owned by .

the same assignee as the present application,
methods are described for improving the com-
bustion efficiency of internal combustion engines
by introducing into the combustion chamber a
fuel charge containing a relatively small con-
- centration of an organo-metallic compound, the
concentration being so small as to have in itself
- no improving effect upon the combustion .of the
fuel except as it results in the formation of a
catalytic deposit within the combustion chamber
and such deposit becomes effective by augmen-
. tation during continued operation of the engine
to inerease the efficiency of combustion within
said engine. ' The patented method thus contem-
plates the introduction of compounds of catalytic
metals into the combustion chamber by the dis-
solution of such compounds in the fuel itself.
Such practice is effective but it involves the dis-
advantage that if is limited to the use of oil
soluble metallic compounds, whereas many less
" expensive but equally effective types of metal
compounds are not oil soluble. The present in-
vention makes it possible to utilize such oil-in-
soluble catalytic metal compounds.

One disadvantage inherent in the use of fuel
solutions of catalytic metal compounds arises be-
cause of the nature of the usual fuel induction
system, including, as it does, a carburetor, an
intake manifold, and/or a supercharger. In such
a system, a substantial proportion of the con-
centration of fuel-soluble metallic compounds is
liable to precipitate out somewhere in the system
ahead of the engine, due possibly to partial de-
composition and/or oxidation, with the forma-
tion of a deposit that adheres to and remains on
the wall surfaces of the induction system and
supercharger impeller vanes, if a supercharger is
used. There is thus caused a loss of effective
catalysts. This loss cannot be overcome by in-
creasing the concentration of the catalytic metal
compounds in the fuel without also substantially
increasing the cost of operations, and, further-
more, increased concentrations result in excessive
deposits of the catalysts in the induction system.

It is therefore an important obiect of this in-
vention to provide an improved medium and
method for introducing oil-insoluble compounds
of catalytic metals into the combustion chamber
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As the medium for introducing catalytic metal
compounds, water, a water soluble alcohol, a
water soluble glycol, or mixtures thereof, or other
aqueous type internal coolant liquids may be
used. The term “‘aqueous type,” as used herein
and in the claims is intended to include water,
and water soluble alcohols and glycols since all
of these have in common an OH group and are
miscible with each other. The catalytic metal
compounds are dissolved in the particular in-
ternal coolant liquid selected and are introduced
in solution form into the combustion chamber
simultaneously with introduction of the oper-
ating fuel charge. The benefits of internal cool-
ant liquids and means for metering and intro-
ducing them into engine combustion chambers
are known and available. By utilizing this me-
dium for the introduction of the dissolved cata-
lytic metal compounds into the combustion
chamber the disadvantages and limitations en-
countered when such compounds are dissolved
in the operating fuel are avoided. In addition,
it is possible to use inexpensive and more effective
forms of metallic compounds where solubility in

.an aqueous type of liquid is the limiting factor

instead of solubility in oil or gasoline.
Furthermore, by utilizing the principles of this
invention the scope of usefulness of water, al-
cohol or other aqueous type liquid coolant injec-
tion is thereby greatly extended. In the past,
the induction of an internal coolant liquid has
been more or less limited to those periods of
operation of the engine when the engine is oper-
ating under full load condition, since no com-
mensurate advantage is obtained during periods
of light load operations in the cruising range.
Internal coolant liquids embodying my present
invention, however, are intended for continuous
use in the operation of an internal combustion

40 engine, since it is desirable continuously to sup-

45

ply minute concentrations of the catalytic metal
compound to the combustion chamber in order
to maintain and replenish the deposits of the
catalysts on the surfaces within the chamber.
This phase of my present invention also enhances
the value of such internal coolant injection sys-
tems by enabling the system to perform addi-

- tional anti-knock or combustion-improving func-
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of an internal combustion engine to improve the =

combustion efficiency thereof.

tions that the internal coolant liquid alone, as
heretofore used, has not been capable of perform-
ing. Thus, there may be used a relatively low
octane number fuel, susceptible to a more rapid
rate of combustion in a lean air-fuel mixture for
cruising loads, and its octane value deflciencies
can be compensated for during heavy load opera-
tions by the introduction of larger concentrations
of the catalytic metal compounds dissolvedin
the injected water, alcohol, or other coolant
liquid. Conversely, if the octane number of the
operating fuel is sufficient to meet the octane
requirements of heavy load operations. the com-
bustion characteristics of lean fuel mixtures dur-




" ing light load operstions ~ der.
- proper selection and use of combustfon-acceler- . -
.. -ant: catalytic metal compounds- introduced in- -

can be

1mproved by the

minute amounts in. the liquid coolant and in- -

. Jected during the periods of light load or criis-

ing operations. Such introduction of coolant

6.

liquid containing catalytic metal - compounds .

serves to provide catalytic residues that replenish
- and maintain the catalytic deposits on the sur-
-faces within the combustion chamber, and also

serves to provide suspended particles of catalytic

metal compounds. that function to improve the
. combustion of the fuel charge.

It is therefore an important object of this in-
vention to-provide a method for enhancing the
combustion. efficiency of internal combustion en-
gines by introducing into said combustion cham-
bers, along with the fuel charge, an internal cool-
ant liquid eontaining dissolved catalytic metal
compounds capable while suspended in the air-
fuel mixture in the combustion chambers of im-
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~to the tank 1§ through line (8 and to the nozzlk
21, while the. other chamber is vented to the
- manifold pressure through line 22. The cham-
-bers may be connécted by suitable pressure sensi-

tive means, such as g diaphragm, or spring-urged
valve, so that the amount of liquid infected fntc

‘the fuel stream through the nozzle.2{ is deter-

mined by the manifold pressure of the engine E
A restricted orifice (not shown) is provided in
the lower portion of the metering valve 19 and
the size of the orifice aperture and the relative
amount of liquid injected into the fuel stream is

- controlled by a spring urged needle valve 23.

20

- proving the combustion of said mixture, and ca- -

pable of providing catalytic residues for replen-
- Ishing and maintaining catalytic deposits on the
- surfaces of the combustion chambers for likewise
improving the combustion characteristics of the
fuel. - .

It is a further important object of this inven-
tion to provide an intetnal coolant liquid contain-
ing small but effective quantities of dissolved cat-
alytic metal compounds for introduction into in-
ternal combustion engines for improving the com-
bustion characteristics. thereof,

Other and further important objects of this
invention will become apparent from the fol-
lowing description and appended claims.

On the drawing: o

The single figure of the drawing is a frag-
mentary, schematic elevational view, with parts
broken away, of an internal combustion engine
and fuel intake assembly equipped with means
for supplying internal coolant liquid to the in-
take manifold of the engine in accordance with
the method of the present invention. ‘

As shown on the drawings: .
- Reference character E refers generally to a

-high compression internal combustion - engine
equipped with the customary air and fuel charg-
ing assembly including an air cleaner {0, a car-
buretor {1 receiving air from the cleaner 10, for
mixture with a main hydrocarbon fuel introduced
through a fuel line lia for subsequent introduc-
tion into the engine E. ‘A mounting block 12 is
interposed in the inlet {3 between the inlet but-

- terfly valve (4 and the intake manifold 15. An
atomized fuel and air mixture from the carbu-
retor H passes. through the mounting block i?2

“into the intake manifold 15 to the cylinders of

the engine E. - )
A relatively small tank 6 for internal cool-

- ant liquid is mounted on the firewall IT of the
engine E. An internal coolant liquid such as

_‘hereinbefore described is fed from the tank {6
through a feed line 18 through a metering valve
19 which injects the liquid into the main fuel
stream passing through the block 12 in controlled,
metered amounts. -The valve 19 is mounted on

" hydrocarbon fuel.
. troduce the internal c¢oolant liquid only during
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the block 12 as by nut 20 and is connected to a _

nozzle 2[ projecting into the fuel stream passing
-through the block 2. The metering valve 19

‘is vented to manifold pressure by means of a-
‘line 22 secured to the manifold 15 and to the-

valve (8. - - RS e ;
. The valve 18 is divided into two separate, in-
- ternal chambers; one’ chamber being “connected

70

It should be understood that, by means of-the
metering valve {9, internal coolant liquid may be
injected into the fuel stream at a rate which may
be regulated in accordance with the changes in
manifold pressure brought about by the oper-
ating conditions under which the -engine E is
functioning. For example, when the engine is
operating at high speeds or under high loads, it
Is desirable to introduce more internal coolant
liquid together with a larger amount of required
It may be desirable to in-

those periods of operation during which the en-
gine is operating at high speed or under a heavy
load. Accordingly, the valve 19 may be em-
ployed to.completely shut off the flow of internal
coolant liquid during periods of normal opera-
tion or during idling of the engine E. By means
of the needle valve 23 for controlling the size
of the restricted orifice of the metering valve | 9,
it may be possible to effect these variations in the
feeding rate.

‘The feeding system as illustrated in the draw-
ing is thus flexible and may be employed in a
manner best suited for the particular operating
conditions under which the engine E is to be
operated.

In accordance with the present invention,
catalytic metal compounds are dissolved or dis-
persed in an internal coolant liquid and the
solution or dispersion so formed is then intro-
duced into the combustion chamber of an in-
ternal combustion engine in the manner and for
the purposes herein deseribed. Compounds of
the foilowing metals have been found to be use-
ful as major catalysts or as promoter catalysts

in the compositions of the present invention: -
cobalt thorium boron .
nickel ‘ -chromium cesium
manganese - aluminum potassium
iron . selenium sodium
-copper antimony tantalum
uranium arsenic- titanium
molybdenum bismuth tungsten
vanadium cadmium zine
zirconium tellurium “ecerium
beryllium “thallium praseodymium
platinum tin neodymium
palladium barium lanthanum

For maximum improvement of the power out-
put, operation and efficiency of comhustion of
the fuel of an internal combustion engine, it is
preferable to select the catalytic metal compound
from compounds of the group of metals compris-
ing cobalt, chromium, cerium, nickel, copper,
manganese, iron, vanadium, aluminum, zircon-
ium, zinc and boron. Inorganic compounds of
‘these metals that are soluble in water or alcohol,
as for example, the nitrates, chlorides, or ace-

" tates, are preferred. .In some instances, com-

5.

pounds containing two or more metals of the
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group may be used, such as zinc permanganate,
in some Instances, the oxide, acid or acid anhy-
dride of the metal may be employed, as for in-
stance in the case of chromic oxide (CrOs),
boric acid (HBO3) and vanadium pe'ntoxlde
(V205): The internal coolant liquid in which
these compounds may be dissolved may be water,
a water soluble aleohol, or a water soluble glycol,
or aqueous solutions of alcohols or glycols. A
typical liquid vehicle is a mixture of water and
a water soluble monohydric alcohol, such as

methyl, ethyl or iso-propyl aleohol, in the propor-

tion of from 20 to 809 of alcohol, and preferably
about 50% of alcchol,

The following are examples of internal coolant
liquid compositions comprising solutions of com-

pounds of metals selected from the preferred

group given above. The coolant liquid in these
examples may be water, and alcohol such as
ethyl alcohol, a water soluble glycol such - as
ethylene glycol, or aqueous solutions of an alcohol
or a water soluble glycol. Parts are expressed
as parts by weight. :

Ezxample 1 : :
' ' -~ Parts
Cootant Hquid ..o ____ 98.00 99.50
Cobalt nitrate. oo 1.60 0.40
Chromium triozide _.c.ee oo - 0.40 0.10
100.00 100.00
Example 2
: Parts
Coolant Hquid .. .._. 98.00 - 99.50
Manganese nitrate_ o 1.50 - 0.30
Nickel acetateocmmrccecaaoaan 0.50 0.20
100.00 100.00
Example 3 :
. Parts
Coolant liquid . ___. 98.00 99.50
Cupric nitrate_____ .. 1.60 0.40
Cerous nitrate_ .- ___. 0.40 0.10
100.00 100.00
Example 4 .
Parts
Coolant lMquid ..o 98.00 99.50
~ Ferrous acetate oo o 1.60 '0.40
Vanadium pentoxide_....-—-.- 040 0.10
100.00 100.00
Exzample §
Parts
Coolant ligquid e 98.00 99.50
Aluminum nitrate. .o - 0.80 0.20
_Chromium nitrate_.__—._.__-- 0.80 0.20
Boracic acid. oo oaaaa 0.40 0.10
. 100.00 100.00
Exzample 6
Parts
Coolant lquid e 98.00 99.50
Cobalt acetate.. . - 0.90 0.25
Zirconium sacetate oo 0.70 0.15
Zinc permanganate__...--.- 0.40 0.10
100.00 100.00

In general, the concentration of catalytic metal
compounds in the coolant liquid may range from
0.50 to 2.0% by weight of the solution for opti-
mum effectiveness, but higher or lower concen-
trations may be employed.

Catalytically effective surfaces within the com-
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Y bination,

6
bustion chamber may be created and majntained
if the metered injection of internal coolant liquid
contains a concentration of catalytic metal com-

‘pounds equivalent to from 0.001 to 0.1% by

weight of the metered operating fuel charge that
is simultaneously introduced into the combustion
chamber. ' In order for the proportion of catalytic
metal compounds to be equivalent to from 0.001
to 0.19% by weight of the operating fuel charge,
if the coolant contains between 0.5 and 2.0%
of the catalytic metal compound by weight, the
proportion of coolant liquid required to provide
the specified range of concentration of catalytic
metal compounds to operating fuel charge would
be between 0.2 and 5% of coolant liquid by weight
of the fuel charge simultaneously 1nt.roduced into
the combustion chamber.

If immediate or maximum catalytic eﬁectIVe-
ness. is desired as a result of the suspension of
the metallic compounds within the burning fuel
charge, the useful concentration of catalytic
metal compounds contained in thé metered in-
jection of internal coolant liquids may e as high
as 1% by weight of the operating fuel charge.
Such a high ratio of catalytic metal compounds
to fuel charge could not be achieved economically
by dissolving the -catalytic metal compounds
directly in the fuel, but.can be accomplished by
a metered injection of a liquid solution of the
metal compounds independently of any carbu-
reted or mamfolded induction system for the
fuel itself.

Combinations of selected metal compounds
produce unexpectedly improved results that are
not attainable in full measure by the use of any
of the compounds singly or in other combina-
tions. For example, it has been discovered by
actual tests in engine operations that if a
chromium compound is made to constitute a sub-
stantial proportion of a catalytic composition,
which also includes a cobalt cempound, the
efficiency of the chromium-cobalt catalytic com-
position is substantially higher than the efficlency
of any other combination of metal compounds,
or of compositions of metal compounds in which .
the chromium compound constitutes only about
1 to 2% by weight of the total composition. The
improvement is evidenced not only by increased
anti-knock value of the chromium-cobalt com-
but also appears in the enhanced
efficiency of combustion of lean fuel-air mixtures.
The chromium-containing catalyst, when present
in substantial proportions, appears to activate to
a maximum degree the anti-knock function: of
the cobalt-containing catalyst, and to provide an
acceleration of the rate of combustion of lean
fuel-air mixtures, This latter function has been
established by the observation that with such a
catalytic composition, the power output may be
maintained without the excessive spark advances
usually reaquired for efficient combustion of lean
fuel-air mixtures.

It has been found fthat the increase in efiiciency
of the combustion-improving catalytic composi-
tions comprising compounds of chromium and
cobalt is substantial if the chromium compound
is present in an amount equal to at least 8% of
the composition by weight, and reaches a
maximum when the chromium compound repre-
sents about 50% of the composition by weight.

When the operating fuel used in the engine
possesses sufficient anti-knock value to meet the
octane requirements of the engine, and other
phases of improved efficiency of combustion are
the objective, particularly a more efficient com-
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bustion of lean fuel-alr mixtures, it 1s preferred

to Include s cerium compound with the chromium- -
cobalt composition, or to substitute the cerium -

compound-for the cobalt compound. It has been
found that cerium compound when introduced
into a combustion chamber of an engine acceler-

b

ates the initiation of, and the rate of combustion )

of the fuel charge to a greater degree than do
cobalt or chromium compounds. By including a
substantial proportion of a cerium compound in
such a composition, the ignition and completion
of combustion of the cooler fuel particles present
in the fuel layers adjacent to the relatively ¢ool

cylinder wall is facilitated. In such a catalytic -

composition, the cerium compound may be present
-~ within the range of 8 to 80% by weight of the

... composition; the chromium or cobalt compounds,

or both, comprising the balance. :

~.The compositions of chromium and cobalt;
cerium, cobalt and chromium; cerfum and cobalt;
- -and cerfum and chromium compounds may be

introduced into an internal combustion engine
~ either in solution in the liquid fuel for the engine
or in solution or dispersion in the internal aqueous
type coolant liquid, or in both. If the composi-
tions are to be incorporated into the internal
coolant liquid, compounds of ‘
- and cerium are used that are soluble : in" the

aqueous type internal coolant Hquid employed and.

the solution then made up to concentrations of
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total added catalytic composition within the -

range of from 0.50 to 2.0% by weight ‘of the solu-
tion. As examples of suitable soluble compounds
may be mentioned cobaltous nitrate, chromium
trioxide and cerous nitrate, -

Thus,  as an aqueous .type internal coolant

. llquid, may be used a sclution. comprising a

liquid vehicle seiected from the group consisting
of water, water soluble alcohols and water soluble
glycols, and a soluble compound of a_metal
selected from the’ group consisting of cobalt,
- chromium and cerium and mixtures thereof,

The following are examples of liquid motor
_fuel ‘compositions comprising solutions of com-
pounds of cobalt, chromium, cerium and tetra-
ethyl lead in various combinations; and embody-
ing the relative concentrations providing the un-
- -expectedly high catalytic activity herein de-
scribed. As previously, the compositions are given
in parts by weight:

Example 7
R ' ‘ Parts
Casoline _______.______.___._ 99.90 99.990
Cobaltic acetylacetonate _____ 0.09 0.009
“Chromic acetylacetonate —____ 0,01 0.001
S 100.00  100.000
Example 8
: Saa : Parts .
Gasoline ___.._.{ . ________ 9990 - 99.990
Cobalt methyl aminomethylene ’

acetone _______.__________ - 0.05 0.005

Chromic propionylacetonate ._  0.05 . 0.005
' o 100.060 100.000
Ezample 9 )

o ~ Parts
Gasoline _______.__________ 99.990 99.9900
Cobaltic acetylacetonate_.._.  0.045 0.0045
Chromic acetylacetonate____  0.045 0.0045
Cerous acetylacetonate_____ - 0.010 0.0010

" 100.000 .

100.0000

- 'Example 10 _

. Gasoline ... ee—a=.-99.90 - ' 958.990
Chromic acetylacetonate____.._ 0.02 - . 0,002
Cerous propionylacetonate.... 0.08  0.008 _

: : 100.00 '100.000
Example 12 - - - .-~
Gasoline ... ————— 99.75 99.960
Tetra ethyl lead - .____ 0.15 . . 0.030
Cobaltic acetylacetonate_.____ 0.08 - 0.008
Chromic acetylacetonate.__.._ - 0.02 - 0.002
I 100.00 - 100.000
Ezample 12 o )

: ‘Parts -
Gasoline ... : 99.75 - 99.960
Tetra ethyl lead._.__________ 0.15 0.030
Cobalt methyl amino methylene

acetone e 0.05 0.005 -
Chromic propionylacetonate.... .. 0.05 0.005

100.00 . 100.000
Ezample 13

I L Parts
QGasoline —— 99.750 99.9600
Tetra ethyl lead__.________ 0.150 0.0300
Cobaltic acetylacetonate____ 0.045 0.0045
Chromic acetylacetonate____. ~ 0.045 0.0045
Cerous propionylacetonate._  0.010 0.0010
100.000 . 100.0000

40

Compositions such as those given in Examples

11, 12 and 13, during combustion retain the anti-
_knock values provided by the vapors of tetra ethyl

lead and at the same time provide added octane or
combustion-improving values above those pro- -
vided by the tetra ethyl lead content. In addi-
tion, there have been found new and particular
advantages to exist when the specified combina-
tions of chromium, cobalt and cerium are intro-

. duced into the engine with tetra ethyl lead; using
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‘or nullified for

the fuel charge as the -vehicle for their introduc-
tion. . By contrast, for example, if instead of
chromium, a substantial concentration of & nickel
compound is combined with a cobsalt or cerium
compound, the full catalytic activity is reduced
, the reason that vapors of tetra
ethyl lead act as a poisoner of the nickie catalyst,
whereas such vapors have no effect upon the
activity of the chromium catalyst,. .-

‘Another important advantage realized from the
use of g substantial concentration of a chromium
compound in combination with cobalt or cerium
and tetra ethyl lead, is related to the known fact
that the burning of tetra ethyl lead creates harm-
ful deposits of lead ‘oxide in the combustion
chamber. In practice, it has been customary to
incorporate tetra ethyl lead into the gasoline in
the form of “ethyl fluid,” a composition includ-
ing tetra ethyl lead and halogen -compounds, such
as ethylene dichloride and ethylene dibromide, in
an attempt to form residues consisting of non-
fluxing lead compounds and thus avoid detri-
mental effects caused by lead oxide deposits in
the combustion chamber. However, despite this
practice, deposits of detrimental lead compounds
remain in the combustion chamber to cause in-
crease of octane requirements of the engine, dam- -
age to spark plugs and valves, and corrosion of
valve seats.. It is also known that residues in the

~ form of halides resulting from the use of “ethyl

fluid” contribute to the formation of sludge -in
the crank-case oil,” These detrimental effects can
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be minimized or overcome if substantial concen-

P

trations of a chromium compound constitute -a ..
part of the catalytic compositions incorporated:
into motor fuels containing tetra ethyl. lead and -

in that way introduced into the combustion
chamber. This result may be attributable to the
fact that lead chromates are formed in the com-
bustion chamber to provide non-ﬁuxing lead
compounds.

From this standpoint the chromium compound
incorporated into a tetra ethyl lead fuel may be
considered as an improved substitute for the cus-
tomarily used halogen compound, thus providing
a beneficial fuel-combustion catalyst and also
eliminating the added expense and detrimental
effects of the halogen compound.. Lead chromate
has a combustion accelerating catalytic effect,
whereas lead oxide is known to have a decelerat-
ing effect upon the combustion of the hydro-
carbon fuel and oily residues present in the com-
bustion chamber. ’

As indicated in Examples 7 to 13, inclusive,
where the catalytic metal compounds are to be
incorporated in the liquid fuel itself, ocrgano-
metallic compounds are preferred, and particu-
larly metallic beta diketone derivatives and their
homologues, such as the metal acetylacetonates,
propionylacetonates, formylacetonates, and the
like. It is also feasible to use metal derivatives
of beta diketone complexes, or of the condensa-
tion products of beta diketones with such organic
compounds as the anfines. In general, however,
compounds of any of the foregecing metals and
metalloids with the following organic acids or
acid reacting compounds may he used:

Naphthenic and paraffinic acids.

Mono alkyl esters of salicylic, phthalic, camphoric,
malonic and other dlcarboxyhc organic acids.

Cresylic acid and other phenols.

Mercaptans.

Aceto acetic acid esters and their homologues.

Long chain saturated and unsaturated fatty acids.

Aryl carboxylic acids.

As previously pointed out, however, it is usually
advantageous to incorporate the catalytic metal
compounds in the internal coolant liquid, which
may be of the agueous type, such as water, alco-
hol, water soluble glycols, or aqueous solutions of
alcohols or water soluble glycols.
any of the water soluble compounds of the metal,
such as the acetates, nitrates, chlorides, sulfates,
oxides, acids or acid anhydrides, may be used. -

It will, of course, be understood that various
details of the process may be varied through a
wide range without departing from the principles
of this invention and it is, therefore, not the pur-
pose to limit the patent granted hereon otherwise
than necessitated by the scope of the appended
claims.

What is claimed is:

1. The method of creating and maintaining
combustion-improving catalytic deposits in the
combustion chamber of an internal combustion
engine, which comprises introducing into the
combustion chamber during operation of the
engine an aqueous type internal coolant liquid
containing a small but effective quantity of a
dispersed compound of a catalytic metal.

2. The method as defined by claim 1, wherein
the internal coolant liquid is water.

3. The method.as defined by claim 1, wherein
the catalytic metal is selected from the group
consisting of cobalt, nickel, manganese,  iron,
copper, uranium, molybdenum, vanadium, zir-

In this way,"
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10 ~
conium, beryliium, platinum, palladium, thori-
um, chromium, aluminum, selenium, antimony,
arsenic, bismuth, cadmium, tellurium, thailium,
tin, barium, boron, cesium, potassium, sodium,
tantalum, titanium, tungsten, zine, cerium prase-
odymium, neodymium and lanthanum.

4. The method of improving combustion by
creating and maintaining catalytic deposits -in
the combustion chamber of an intérnal combus-
tion engine, which comprises introducing into the
combustion chamber, simultaneously with a fuel
charge, an aqueous type internal coolant con-
taining not over about 2% by weight of a dis-
solved compound of a metal selected from the
group consisting of ‘cobalt, chromium, cerium,
nickel, copper, .manganese, iron, vanadium,
aluminum, zirconium, zinc and boron.

5. The method of improving combustion by
creating and maintaining catalytic deposits in
the combustion chamber of an internal combus-
tion engine, which comprises introducing with
a metered fuel charge a concentration of a cata-
lytic metal compound equivalent to from 0.001
to 1.0% by weight of said charge, said catalytic
metal compound being introduced as a solution
of not over about 2% by weight of a water soluble
compound of a metal selected from the group
consisting of cobalt, chromium, cerium, nickel,
copper, manganese, iron, vanadium, aluminum,
zirconium, zinc and boron.

6. The method of improving combustion by
creating and maintaining catalytic deposits in
the combustion chamber of an internal combus-
tion engine, which comprises introducing into
the combustion chamber during operation of the
engine, a mixture of cobalt and chromium com-
pounds in finely dispersed form and in the pro-
portion of between 8 and 50% of chromium com-
pound in said mixture,

7. The method of improving combustion by
creating and maintaining -catalytic deposits in
the combustion chamber of an internal combus-
tion engine, which comprises introdueing into
the combustion chamber during operation of the
engine, a mixture of cobalt, chromium and ceri-
um compounds in finely dispersed form and in
the proportion of between 8 and 80% of cerium
compound in said mixture.

8. The method of improving combustion by
creating and maintaining catalytic deposits in
the combustion chamber of an internal combus-
tion engine, which comprises introducing into
the combustion chamber during operation of the
engine an aqueous type internal coolant liquid
having dissolved therein a mixture of compounds
selected from the group consisting of water
soluble compounds of cobalt, chromium and
cerium. )

9, The method of improving combustion by
creating and maintaining catalytic deposits in
the combustion chamber of an internal combus-
tion engine, which comprises introducing into
the combustion chamber during operation of the
engine an aqueous type internal coolant liguid
having dissolved therein o mixture of compounds
selected from the group consisting of water
soluble compounds of cobalt, chromium and ceri-
um, said mixture being present in an amount
within the range of from 0.50 t0.2.09% by weight
of said solution. ‘

10. An aqueous type internal coolant lignid for
improving combustion in an internal combustion
engine, comprising a liquid vehicle selected from
the group consisting of water, water soluble
alcohols, water soluble glycols, and mixtures




-thereof, and & catalyst dispersed in sald lquid

--vehicle, sald catalyst comprising a water soluble

.-compound- of & metal selected from the group
consisting - of ' cobalt, nickel, manganese, iron,

- copper, uranfum, molybdenum, vanadium, zir-"

...confum, -berylium, platinum, paliadium, thori-
- um, chromium, sluminum, selenium, antimony,
arsenic, bismuth, cadmium, tellurium, thallium,
tin, barium, boron, cesium, potassium, sodium,
tantelum, titanjum, tungsten, zinc, cerium, prase-
odymium, neodymium and lanthanum.

11, An aqueous type internal coolant liquid for

3,460,700

. engine, comprising a Hquid vehicle 'selec,téd'from
‘the group consisting

of water, water  soluble
alcohols, water soluble glycols, and mixtures

. thereof, and a catalyst dispersed in said liquid

vehicle, said catalyst comprising a water soluble
compound of a2 metal selected from. the group

-consisting -of cobalt, chromium, cerium, nickel,

copper, manganese, iron, vanadium, aluminum,

: zirconmm, zinc and ‘boron.
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" improving gombustlo_n, in an internal combustion .
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