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OXY-HYDROGEN FLAME FOR CUTTING OF STEELS

INTRODUCTION

Thermal cutting, i.e. gas cutting, is a wide-spread tech-
nology. In practical applications, gases such as propane-bu-
tane and acetylene prevail. Hydrogen is practically not used 
due to its high production cost and its explosiveness.

an oxygen-hydrogen mixture is described and some basic 
characteristics of oxy-hydrogen cutting are indicated.

BASIC CHARACTERISTICS OF
COMBUSTION OF HYDROGEN AND OXYGEN

Hydrogen is a colourless, odourless, and tasteless 
elementary gas. It is not poisonous. In nature it is rarely 
found in its atomic form. With an atomic weight of 1,008, 

temperature in hydrogen combustion in air attains 1700 °C, 
and in oxygen 2400 °C. When mixed with air, hydrogen 
forms an explosive mixture (an explosive gas). Its ignition 
temperature is 560 °C whereas its explosion range is from 
4 to 75 vol. % at atmospheric pressure.

The equation showing the chemical reaction of complete 
combustion of hydrogen and oxygen is as follows:

Key words:

-

H2 + 0.5 O2  H2O,
2 kg + 16 kg  18 kg.

The main properties of hydrogen are as follows:
- the lightest gas (fourteen times lighter than air),
- high thermal conductivity (seven times higher than that 

of air),
-

ane),

than that required for petrol),
- high rate of combustion (eight times higher than that of 

petrol) [1 - 4].

THERMAL CUTTING OF STEELS

Combustion gas cutting using oxygen is one of the 
processes of metal cutting employing a high-temperature 
reaction of oxygen with the parent metal. With oxidation-
resistant materials, the reaction is promoted by the addition 
of chemicals or metal powder.

Typical constituents of oxygen cutting are an oxygen jet, 
a mixture of oxygen and a combustion gas, an oxygen lance, 
a chemical agent, and metal (iron) or ceramic powder.

With regard to the material and requirements of produc-
tion, the three most important processes are the following 
ones:
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- oxy-fuel gas cutting,
- plasma cutting,
- laser cutting.

Oxy - fuel gas cutting is a cutting process in which the 

and pure oxygen for metal burning.
For oxygen cutting of a metal, following conditions 

A: The metal should burn in oxygen and the oxides formed 
shall be liquid so that they may be easily removed from 
the kerf. In gas cutting of low-alloy steel, approximately 
50 to 80 % of the material is burnt and 20 to 50 % is 
molten.

B: The ignition point of the metal should be lower than its 
melting point. Steel with 0,1 % C has an ignition point 
of 1160 °C whereas its melting point is at 1526 °C. The 
ignition point increases with an increased C content 
whereas the melting point decreases.

C: The oxides formed in combustion should have a lower 
than or approximately the same melting point as the 
pure metal.

D: Thermal conductivity of the metal should be as low as 
possible whereas as much heat as possible should be 
generated during cutting [4 - 8].

HEATING EFFICIENCY

flame
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flameQ
dovQ - the heat supplied to the workpiece by the heating

t0
the workpiece heated.

The heat balance can be shown schematically with the 
blowpipe/workpiece system in Figure 1.

flameQ
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workpiece to the ambient air and to the insulating 
material below.

Theoretical dovQ  and flameQ  could be calculated by equa-
tions (3) and (4):
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where:

Tk
Tok - the ambient temperature,
m - the mass,
cp
dT - the change of temperature / K,
qv,gas

3/s),
Hi,gas

3).

After the experiments, it can be stated that the heating 

only 1, 2, 6 - 8 .

DESCRIPTION OF
THE OXY-HYDROGEN CUTTING PROCESS

Hydrogen production
for practical cutting with a Greengas device

Hydrogen can be produced in practice in the follow-
ing ways:
- with partial combustion of hydrocarbons: C4H10 + 2CO2

 4CO + 5H2,
- with catalytic decomposition of hydrocarbons (e.g. meth-

ane): CH4  C + 2H2,
- with the catalytic reforming process of the natural gas: 

CH4 + H2O  CO + 3H2,
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2O  CO + H2,
- with water electrolysis: 2 H2O  2 H2 + O2.

In the Greengas device, water electrolysis is used to 
produce hydrogen [5 - 8].

Water electrolysis

Water electrolysis is a reducing-oxidizing reaction in 
which oxidation and reduction are carried out in separate 
chambers. Oxidation is carried out at the anode and reduc-
tion at the cathode.

The device for the water electrolysis is shown sche-
matically in Figure 2.

-
trode, electrolysis, i.e., chemical reactions, will occur at the 
electrodes. At the cathode (–), hydrogen ions will transform 
into gaseous hydrogen (H2) whereas at the anode (+) oxygen 
ions will transform into gaseous oxygen (O2). Both gases 
can then be stored into two separate gas tanks.

Developments in the field of electronics provided 

electrolysis known for a century. In the conventional pro-
cess, there are two gas tanks, one with positive polarity, the 
other with negative one. The GREENGAS device (Figure 
3.) has only one gas tank, which means that two parts of 
hydrogen and one part of oxygen will collect in the tank. 
The mixture obtained is called Greengas by its manufacturer. 
With the usual procedure, the electrodes are worn-out asym-

metrically. They need to be cleaned too. With the Greengas 
procedure, the manufacturer claims that the electrodes will 
wearout uniformly and be cleaned simultaneously. Accord-
ing to the manufacturer, the electrolyte needs to be poured 
in the device only once a year if the device is permanently 
used. Since the electrodes are of the self-cleaning type, 
common potable water may be used.

Practical application of hydrogen cutting

In gas cutting, the parent metal is burning at the ignition 
point in an oxygen jet. The parent metal is heated by the 

the material oxidizes in the atmosphere of oxygen. The 
metal will transform into a metal oxide.

The cutting process can be divided into three steps 
(Figure 4.):

- metal oxidation with oxygen,
- blowing of slag out of the kerf.

Practical application of gas cutting with oxygen and 
hydrogen is shown in Figure 4.

Description of the equipment

The gas cutting equipment is of two types depending 
on the technique used, i.e.:
- the equipment for manual cutting, or
- the equipment for machine cutting.
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Manual cutting is used mainly for rough machining, in 
which case great accuracy of machining is not required, 
or there are no requirements regarding kerfs.

Machine cutting, however, is used to attain accurate 
and quality machining, and particularly with larger work-
pieces.

Types of nozzles for oxygen cutting

Cutting nozzles and their shapes usually do not depend 
on the combustion gas used but the case is different with 

regard to its thickness.
Schematics of two nozzles and, consequently, two dif-

Machine cutting requires some additional units depend-
ing on the kind of the process. Some of them are:
- a mechanism displacing the blowpipe along the work-

piece,

- a cutting table for positioning the workpiece, 
- devices for positioning the workpiece on the cutting 

table and displacing it,
- an automatic ignition device for blowpipe ignition.

The cutting equipment can include very simple manual 
devices or even computer-controlled devices. The equip-
ment for manual cutting is similar to that for machine cutting 
but it differs as regards gas pressure regulation, cutting speed 

and establishment of the cutting process. Many devices 

applications, e.g. edge preparation, tube cutting, position 
cutting 1 - 3 .

ANALYSIS OF RESULTS

Heat-affected zone (HAZ)

the cutting process, the size of the heat-affected zone and 
deformation of the workpieces. In practical oxy-hydrogen 
cutting the workpieces showed less deformation and a nar-
rower heat-affected zone as in oxy-acetylene cutting. The 
macrographs in Figure 6. show the difference between the 
two heat-affected zones produced with different combus-
tion gases.

Roughness of the cut face

2310-3 which distinguishes:
- tolerances of length; classes A and B are distinguished 

with regard to workpiece thickness and length,
- roughness of a cut face.
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Roughness of the surfaces cut depends on:
n -

piece axis,
u - the deviation of the cut face from the vertical at the 

workpiece edge,
Rz

with ISO 4287/1-1984,
r - the workpiece edge radius.

The surface roughness was measured at workpieces of 
80 mm in thickness (Figure 7.).
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CONCLUSIONS

The initial studies of oxy-hydrogen cutting of low-alloy 
steel showed some advantages in comparison with cutting 
using other gases (CH2, C2H2, C2H8), i.e.:
- the cut face is straighter and smoother,
- the HAZ is very narrow and less affected,
- hardness at the cut face is approximately the same,
- cutting speed is by up to 10 % higher,
- from the economic point of view, the use of O2 + H2

mixture pays,
- advantages of the use of O2 + C2H2 are most evident in 

cutting of thicker materials.

The only disadvantages of the use of O2 + H2 are the 
risks involved in work with this gas mixture and a possible 
occurrence of minor explosions resulting in safety-fuse 
melting.

Surface hardness

In all the experiments steel Fe360B in accordance with 
EN 25000 was used. The table below gives a comparison of 
hardness values for the parent metal and the cut faces 2 .


