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Description

Technical Field

[0001] The present invention relates to hydrocarbon gas for use in cutting and/or welding torches fortified by the
addition of an additive or conditioner, particularly a double additive.

Background Art

[0002] Various attempts have been made heretofore to improve gas used in cutting and/or welding torches by adding
an additive or a double additive to them. These prior art gases have been composed of various hydrocarbons from
methane to octane and some have included propane and butane. Harris U.S. patent No. 1,565,935, issued December
15, 1925, for example, fortified a wet casinghead gas composed of methane, ethane, propane, butane and hexane by
the addition of ethyl ether [diethyl ether] [(C2H5)2O or C4H10O] or methyl ether [dimethyl ether] [(CH3)2O]. Another
patent that proposed to add ethyl ether, also called ethyl oxide, to a gas including propane or butane and propane is
White U.S. patent No. 2,513,769, issued July 4, 1950.
[0003] British patent specification No. 813,981, published May 27, 1959 (Oxy-Ferrolene Limited) proposes to add to
hydrocarbon gas an oxygen-containing compound such as isopropyl ether [diisopropyl ether,] [(CH3)2CH2O or (C3H7)2
or C6H14O], methyl isopropyl ether, methyl propyl ether [(CH3)CH2CH2OCH3 or C4H10O], normal propyl ether, ethanol
[CH3CH2OH] and methanol [CH3OH]. This British patent also suggests the incorporation of more than one compound
but does not suggest any specific double compounds.
[0004] Seley U.S. patent No. 2,411,759, issued November 26, 1946, does suggest the use of double additives,
namely, ethyl oxide [diethyl ether or ethyl ether] [(C2H5)2O] and benzine [benzene] [C6H6]. White U.S. patent No.
2,951,750, issued September 6, 1960, refers to the prior double additives for torch gas of dimethyl ether [methyl ether]
[(CH3)2O] and benzine [benzene] [C6H6] at column 1, lines 21 to 25, presumably as disclosed in the Seley patent, and
then proposes the use of the double additive of propylene oxide [1,2-epoxy propane] [C3H6O] and dimethyl ether
[(CH3)2O] at column 1, lines 55 to 62, instead of using benzine and dimethyl ether.
[0005] In addition, Kessler U.S. patent No. 3,591,355, issued July 6, 1971, proposed the addition of methanol
[CH3OH] to a gas containing propane or a double additive to torch gas composed of a liquid alkanol such as methanol
and a mixture of alkanes such as pentane and isopentane. White U.S. patent No. 3,989,479, issued November 2,
1976, also proposed the addition of methanol and British patent specification No. 569,108, accepted May 4, 1945,
proposed the addition of ammonia. This British patent also recommended increasing the amount of propane in producer
gas, water gas, Mond gas and other commercially available gas mixtures in which methane predominated.
[0006] Medsker U.S. patent No. 2,908,599, issued October 13, 1959, stated that methyl borate and acetone had
been used previously in a fuel for torch use citing U.S. patent No. 2,281,910. The Medsker patent proposed a mixture
of methyl borate and hexane as an additive for a gaseous fuel. The Bialosky et al. patent No. 2,281,910, issued May
5, 1942, discloses a liquid flux containing methyl borate and a ketone, such as acetone [CH3COCH3] or methyl ethyl
ketone [1,2-butanone] [CH3CH2COCH3], to be subjected to a stream of acetylene, hydrogen or similar combustible
gas for coating the work with boric acid or oxide.
[0007] German Offenlegungssehrift No. 24 55 727, published May 28, 1975, proposes a multitude of additions for
fortifying hydrocarbons including higher mono-,di- and polyalcohols having 5 to 20 carbon atoms in each molecule. It
is stated at page 12, line 24 that:
[0008] The preferred alcohols are the mono-, di- and polyalcohols of the C5 to C8 hydrocarbons which ... contain
pentanols, hexanols, heptanols, octanols, pentenols, hexenols, heptenols and octenols.
[0009] Belgian patent No. PV 35 394A, issued January 13, 1967, discloses a method and device for obtaining a fuel
mixture of homogeneous composition by spraying into a gaseous aliphatic hydrocarbon fuel such as propane alone
or mixed with propylene a conditioning liquid composed of five classes of ingredients, namely:

(a) a component of fuel in liquid form which is the same as the base fuel
(b) a combustion activator which can be ethyl ether or a halogeno-ether, particularly a chloroether;
(c) a high calorific value liquid hydrocarbon for enhancing the evaporation of the activator and which is soluble in
the activator, such as 2-methyl-butane having the formula CH3CH2CH(CH3)2 in an amount approximately equal
to the amount of activator, i.e., between 1% and 12%, and preferably between 5% and 10% of the weight of the
fuel used;
(d) a liquid oxidation catalyst, preferably selected from among the constituents of pyridine bases, particularly the
alkylpyridines where the alkyl groups are of low molecular weight in an amount between 0.1% and 1% of the weight
of fuel; and
(e) a hydrotrope which can be a terpenic . hydrocarbon, preferably being mixed with a phenylcarbinol or a carbinol
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alkyl ether, as well as with an aliphatic ester of carboxylic aromatic acid, preferably methyl salicylate.

This five-component conditioning liquid mixture is sprayed into the gaseous fuel at the moment that it is used, so that
there will be no preferential vaporization of any of the constituents of the conditioning liquid.
[0010] Belgian patent of addition No. BE-A-697,274, issued June 30, 1967, which constitutes an addition to the
principal patent No. PV 35 394, discloses the use of an alternative type of combustion activator in the five-component
conditioning liquid of the main patent which is sprayed into the gaseous fuel.
[0011] Instead of using ethyl ether or a halogeno-ether as disclosed by the main patent for the activator component,
the patent of addition uses as a combustion activator a hydrocarbon-oxygenated derivative, particularly an aliphatic
hydrocarbon belonging to the group of esters, ketones and olefin oxides having the general formula CnHmOp where n
is an integer between 2 and 6, m is an integer between 2 n -2 and 2 n +2, and p is equal to 1 or 2. The specific activators
disclosed are:

acetone (C3H6O)
ethyl methyl ketone (C4H8O)
mesityl oxide [4-methyl-3-penten-2-one] (CH3)2C=CHCOCH3 (C6H10O)
ethyl acetate (C4H8O2)
ethylene oxide (C2H4O)
propylene oxide (C3H6O)
butylene oxide [1,2-epoxybutane] (C4H8O)

[0012] The principal torch gas used heretofore has been acetylene which is comparatively expensive, difficult to
store and to transport, requires the use of almost pure oxygen with it and forms persistently adherent scoria when used
for cutting ferrous metal.
[0013] Also, methyl ethyl ketone (MEK) has been used by itself heretofore as an additive for torch gas.
WO-A-9401515, published 20 January 1994, discloses the addition of a fortifying mixture of methyleythlketone plus
C4H10O or C4H10O2 group hydrocarbons to a propane hydrocarbon base gas. Activated carbon is also included in the
mixture as a catalyst to make an azeotropic mixture. The resulting liquified fuel gas improves motor vehicle perform-
ance, lowers harmful emissions and can be used with underwater cutting equipment with as little as 95% oxygen.
[0014] A principal object of this invention is to provide a simple additive for fortifying hydrocarbon torch gas so as to
have characteristics superior to those of acetylene, especially for cutting ferrous metal, and also for welding. Such
object also includes providing fortified hydrocarbon having characteristics superior to those of hydrocarbon fortified
only by the addition of methyl ethyl ketone.
[0015] A particular object is to provide a torch gas which will have high flame temperature and intense heating ca-
pability.
[0016] A further object is to provide torch gas that can be stored and transported easily and economically.
[0017] Another object is to provide a torch gas having a base gas which is readily available in almost the entire world,
can be provided more economically and is easy to fortify for enhancing its attributes.
[0018] It is also an object to provide a torch gas enabling ferrous metal to be cut faster and cleaner.
[0019] Another object is to provide a gas that can be used by torches for cutting under water at considerable depths.
[0020] An additional object is to provide a gas that can be used for torch cutting more economically because it will
combine effectively with oxygen containing a higher proportion of adulterating gases which cannot be used with acet-
ylene.
[0021] The foregoing objects can be accomplished by utilizing liquefied petroleum gas fortified with methyl ethyl
ketone and with lower pluraloxyhydrocarbons, namely dioxy- and trioxyhydrocarbons having two to four carbon atoms
in each molecule or with a combination of additions from such pluraloxyhydrocarbons and/or selected lower monoox-
yhydrocarbons having three or four carbon atoms in each molecule.
[0022] According to one aspect of the invention therefore there is provided a hydrocarbon torch gas which is a mixture
of a hydrocarbon base gas and an additive characterised in that said additive comprises at least one alcohol component
selected from the group consisting of 1, 2-ethandiol, 1, 2-propandiol, glycerol, n-propyl alcohol, isopropyl alcohol and
at least a second component selected from the group consisting of ethylene glycol dimethyl ether, ethyl acetate, methyl
ethyl ketone and butyraldehyde.
[0023] The total additive may be in an amount 0.5%-13% by weight of the hydrocarbon base gas. Preferably, the
amount of additive is within a range of 3% to 7% by weight of the hydrocarbon base gas.
[0024] Preferably, the hydrocarbon torch gas is maintained under pressure.
[0025] The hydrocarbon base gas may be Liquified Petroleum Gas (LPG).
[0026] Liquefied petroleum gas (LPG) is the preferred base gas for the fortified torch gas of the present invention
because of its high butane and propane content. Both the n-butane and isobutane isomers of butane are usually present
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in LPG, but a substantial amount of butane may have been removed from LPG sold as fuel because of the demand
from industry for butane derivatives, in which case the LPG is composed largely of propane. It is, however, desirable
that there be a reasonable proportion of butane in the LPG, such as from 5% to 40%.
[0027] Alternatively, the base gas could be propane or butane alone or any mixture of these gases or propylene or
other gaseous hydrocarbon.
[0028] The additive or conditioner used to fortify the base gas may be simply a combination of methyl ethyl ketone
(MEK), otherwise known as 2-butanone, having the formula CH3COCH2CH3 and a lower pluraloxydrocarbon. MEK is
a liquid with a boiling point of 70.6 degrees C. and a specific gravity of 0.805 at 20 degrees C.
[0029] LPG must be stored under pressure to keep it in a liquid state, but relatively heavy pressurized storage tanks
and handling equipment for LPG is commercially practical and customary.
[0030] Without being fortified, LPG mixed with oxygen is not very effective for torch cutting and welding, not nearly
as effective as acetylene gas mixed with substantially pure oxygen, but by enriching the base LPG with an effective
additive the flame temperature is considerably increased and the heating capability is greatly improved.
[0031] The amount of additive used will depend on the extent to which it is desired to improve the characteristics of
the base gas, but the amount would be 3% to 10% of the base gas by weight. Where a combination of MEK and a
lower pluraloxyhydrocarbon is used, preferably 3% to 5% of MEK and 2% or 3% of the lower pluraloxyhydrocarbon is
appropriate as the sole additive.
[0032] The procedure for combining the additive with the LPG is simple. The fortifying liquid is simply mixed with the
hydrocarbon in liquid form. The additive which is liquid at normal temperatures is supplied to the storage tank in which
the LPG under liquefying pressure is to be stored or transported. It is quite practical to supply the additive to standard
210 litres (55-gallon) drums.
[0033] If more additive is supplied than about 6% of the base gas by weight, such additive should be supplied in
conjunction with a catalyst, preferably activated carbon in the form of powder, granules or pellets to insure homoge-
neous mixing. The activated carbon is amorphous, preferably having been produced from coal or petroleum coke.
Alternative catalysts that can be used are platinum, cupric oxide and granular silver carried by a suitable carrier.
[0034] The amount of activated carbon used is not critical, but it should be placed in the bottom of a storage container
to facilitate mixing of the additive with the hydrocarbon base gas when it is supplied to the container under pressure.
An amount of such catalyst between 1% and 5% of the weight of the additive would be satisfactory. The resulting liquid
mixture of base gas and additive or conditioner will be azeotropic at normal temperatures so that the fortified torch gas
evaporated from the fortified liquid mixture will be homogeneous when it is released from the storage container to the
torch without the addition of other hydrocarbon gas or being supplied to other hydrocarbon gas.
[0035] In order to provide an effective cutting flame, it is necessary to supply to an acetylene torch oxygen that is in
substantially pure form, such as at least 99% oxygen by volume. Satisfactory cutting temperatures can be provided
by mixing with the fortified base gas of the present invention less pure oxygen such as oxygen having a purity of
approximately 95%, the adulterant being nitrogen, carbon dioxide and other gas components of air. Even when oxygen
having a purity as low as 90% is used, the flame temperature of base LPC of approximately 5,000 degrees P. (2,760
degrees C.) can be raised to approximately 5,800 degrees F. (3204.44 degrees C.) to 6,000 degrees F. (3315.56
degrees C.) by use of the base LPG fortified by additives according to the present invention. Such impure oxygen can
be produced economically by compressing air to about 27579029 pascals (4,000 psi) chilling it to minus 360 degrees
F. (minus 217.78 degrees C.) which liquefies the air and then allowing the temperature of the liquefied air to rise
gradually while venting the container to release the nitrogen component of the liquefied air which vaporizes at minus
320 degrees F. (minus 195.56 degrees C.) leaving the oxygen in liquid form.
[0036] In other processes for producing impure oxygen, nitrogen of the air is removed by zeolite resulting in oxygen
of 90% to 95% purity.
[0037] An advantage of using the fortified base gas of the present invention over acetylene for cutting ferrous metal
is that a clean precise kerf is obtained. oxyacetylene cutting produces a hard scoria persistently adherent to the work
which increases the heating required and usually must subsequently be chipped off the work. Utilization of the fortified
torch gas of the present invention produces a soft friable scoria which is sloughed off the work and out of the kerf as
the cutting progresses to leave a narrower clean kerf with virgin metal along opposite margins of the kerf.
[0038] A particular advantage which the fortified torch gas of the present invention has is that it can be used for flame
cutting under water to a depth of 91.5 metres (300 feet). The use of the oxyacetylene torch is limited to 6.1 metres (20
feet) under water because at pressures to which it would be necessary to subject the gas to enable it to be dispensed
to the cutting torch at greater depths the acetylene will explode. Consequently, the only alternative that has been
available for cutting under water at depths greater than about 6.1 metres (20 feet) prior to use of MEK as an additive
to hydrocarbon gas has been the use of a carbon arc, the action of which is slow and the use of which is dangerous.
[0039] While the use of MEK has been beneficial in expediting cutting of metal, the use of MEK enhanced by the
addition of tert-butyl alcohol (TBA) has increased the cutting speed from 5% to 10%, and the use of MEK and methyl
tetra-butyl ether (MTBE) in combination has increased the cutting speed to 20% to 25% faster than where MEK has
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been used alone as an additive and about 15% faster than the cutting speed where the MEK has been enhanced with
TBA. Use of MEK in conjunction with a lower pluraloxyhydrocarbon is preferable.
[0040] Use of hydrocarbon gas such as LPG for soldering, brazing or light metal cutting is rendered more effective
if the additive of the present invention is mixed with the gas. For such use it is preferable to use less additive than in
the case of torch gas for cutting or welding thick metal. For soldering, brazing or light cutting, an amount of additive
within the range of 2% to 5% by weight is adequate, and such an amount can be mixed sufficiently intimately with the
hydrocarbon gas without the use of a catalyst.
[0041] As alternatives to the use of a combination of MEK and a lower pluraloxyhydrocarbon described above the
additive of the present invention may be simply a single lower pluraloxyhydrocarbon, namely, a dioxy- or trioxyhydro-
carbon having from 2 to 4 carbon atoms in the molecule and which may be an alcohol, an ether or an acetate. Particular
examples of such pluraloxyhydrocarbons are specified in the tables below:

The effect of various monooxyhydrocarbons to enhance the combustion of torch gases when used alone is varied and
unpredictable. The following lower monooxyhydrocarbons are reasonably beneficial in combination or in combination
with pluraloxyhydrocarbon as enhancing additives without the use of other additive components. Such monooxyhy-
drocarbons will have three or four carbon atoms in a molecule.

Name Formula Formula Weight

Dihydric Alcohols (Diols)

1,2-ethanediol C2H6O2 Formula Weight 62

HOCH2CH2OH, also called ethylene glycol

1,2-propanediol C3H8O2 Formula Weight 76

CH3CH(OH)CH2OH, also called propylene glycol

1,3 butanediol C4H10O2 Formula Weight 90

CH3CH(OH)CH2CH2OH, also called 1,3 butylene glycol

Trihydric Alcohols

glycerol C3H8O3 Formula Weight 92

HOCH2CH(OH)CH2OH

diethylene glycol C4H10O3 Formula Weight 106

HOCH2CH2OCH2CH2OH, also called bis (2-hydroxyethyl) ether

Dioxyethers

ethylene glycol monomethyl ether C3H8O2 Formula Weight 76

CH3OCH2CH2OH, also called 2-methoxyethanol

ethylene glycol monoethyl ether C4H10O2 Formula Weight 90

CH3CH2OCH2CH2OH, also called 2-ethoxyethanol

ethylene glycol dimethyl ether C4H10O2 Formula Weight 90

CH3OCH2CH2OCH3, also called 1,2 dimethoxyethane

Acetates

ethyl acetate C4H8O2 Formula Weight 88

CH3COOC2H5, also called acetic ester or acetic ether
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While a single one of the monooxyhydrocarbons listed above does not individually enhance LPG, butane or propane
gas sufficiently to be comparable to acetylene for use in cutting or welding, the combination of two or three additives
selected from the monooxyhydrocarbons specified above and the dioxyhydrocarbons and trioxyhydrocarbons will pro-
vide greater enhancement than any one of such chemicals alone.
[0042] Also, while it is practical to utilize a single pluraloxyhydrocarbon as an additive, better results are obtained
by combining pluraloxyhydrocarbons with each other or with a monooxyhydrocarbon of a suitable type without using
other components in the additive.
[0043] For example, while LPG enhanced with 3% by weight of the base gas of either 1,2 ethanediol or ethylene
glycol monomethyl ether will enable a perfect cut of steel to be made as rapidly as by the use of acetylene, a cutting
operation in which the base gas is enhanced with 3% by weight of each of such additives will enable an excellent cut
to be made at a rate faster than could be obtained using acetylene.
[0044] Also, as good and almost as fast a cut can be obtained by using as an additive 3% by weight of the base gas
of 1,2-ethanediol and 2% by weight of the base gas of methyl ethyl ketone. Comparable results can be obtained by
using 3% by weight of the base gas of ethylene glycol monomethyl ether and n-propyl alcohol.
[0045] While mention has been made of using 2% or 3% of each of two oxyhydrocarbons specified above in com-
bination, it is also possible to obtain good enhancement by using a combination of 2% by weight of the base gas of
each of three of the oxyhydrocarbons specified above.

Name Formula Formula Weight

Monohydric Alcohols

n-propyl alcohol C3H8O Formula Weight 60

CH3CH2CH2OH, also called 1-propanol

isopropyl alcohol C3H8O Formula Weight 60

(CH3)2CHOH, also called 2-propanol

n-butyl alcohol C4H10O Formula Weight 74

CH3CH2CH2CH2OH, also called 1-butanol

isobutyl alcohol C4H10O Formula Weight 74

(CH3)2CHCH2OH, also called 2-methyl-1-propanol

sec butyl alcohol C4H10O Formula Weight 74

CH3CH2CH(OH)CH3, also called 2-butanol

Ketones

methyl ethyl ketone C4H8O Formula Weight 72

CH3COCH2CH3, also called 2-butanone

Aldehydes

propionaldehyde C3H6O Formula Weight 58

CH3CH2CHO, also called 1-propanal

butyraldehyde C4H8O Formula Weight 72

CH3CH2CH2CHO
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Claims

1. A hydrocarbon torch gas which is a mixture of a hydrocarbon base gas and an additive characterised in that said
additive comprises at least one alcohol component selected from the group consisting of 1,2-ethandiol, 1, 2-pro-
pandiol, glycerol, n-propyl alcohol, isopropyl alcohol and at least a second component selected from the group
consisting of ethylene glycol dimethyl ether, ethyl acetate, methyl ethyl ketone and butyraldehyde.

2. A hydrocarbon torch gas as claimed in claim 1, wherein the total additive is in an amount 0.5%-13% by weight of
the hydrocarbon base gas.

3. A hydrocarbon torch gas as claimed in claim 1 or claim 2, wherein said hydrocarbon base gas is Liquified Petroleum
Gas.

Patentansprüche

1. Kohlenwasserstoffgas für Brenner, das ein Gemisch aus einem Kohlenwasserstoffbasisgas und einem Zusatz ist,
dadurch gekennzeichnet, dass der Zusatz mindestens eine Alkoholkomponente, die aus der Gruppe bestehend
aus 1,2-Ethandiol, 1,2-Propandiol, Glycerol, n-Propylalkohol, Isopropylalkohol ausgewählt ist, und mindestens
eine zweite Komponente enthält, die aus der Gruppe bestehend aus Ethylenglykoldimethyläther, Ethylacetat, Me-
thylethylketon und Butyraldehyd ausgewählt ist.

2. Kohlenwasserstoffgas für Brenner nach Anspruch 1, wobei die Gesamtmenge des Zusatzes 0,5-13 Gew.-% des
Kohlenwasserstoffbasisgases beträgt.

3. Kohlenwasserstoffgas für Brenner nach Anspruch 1 oder 2, wobei das Kohlenwasserstoffbasisgas verflüssigtes
Erdölgas ist.

Revendications

1. Gaz hydrocarbure pour chalumeau qui est un mélange d'un gaz de base hydrocarbure et d'un additif caractérisé
en ce que ledit additif comprend au moins un composant alcool choisi dans le groupe constitué par le 1,2-étha-
nediol, le 1,2-propanediol, le glycérol, l'alcool n-propylique, l'alcool isopropylique et au moins un second composant
choisi dans le groupe constitué par le diméthyléther d'éthylène glycol, l'acétate d'éthyle, la méthyléthylcétone et
le butyraldéhyde.

2. Gaz hydrocarbure pour chalumeau selon la revendication 1, dans lequel l'additif total est dans une quantité de 0,5
% à 13 % en poids des gaz de base hydrocarbures.

3. Gaz hydrocarbure pour chalumeau selon la revendication 1 ou 2, dans lequel le gaz de base hydrocarbure est du
gaz de pétrole liquéfié (GPL).
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