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Thermal cutting generates harmful substances which are hazardous to health. A range of parameters
influence the emission of harmful substances – and thus the potential for damage to health.
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Thermal cutting generates harmful substances which are hazardous to health. A range of parameters
influence the emission of harmful substances – and thus the potential for damage to health.

The work processes for thermal cutting are always developing.  In combination with the use of new work
materials, it is thus essential that measures for employee protection in the workplace with regards to
damage to health are continuously optimized and improved – this also applies for thermal cutting. For gas
flame cutting, plasma cutting and laser cutting – all processes of thermal cutting – the composition of the
basic material is important with regards to the chemical composition of the particulate matter, i.e. the dust.
Despite the fact that the diameter of particles produced by gas and plasma cutting is larger than those
produced by welding, particles are just as respirable (entering the lungs) and thus hazardous to the health
and partially carcinogenic. Very fine particles can also be generated during processes with great energy
density such as laser cutting. There is a health risk due to gaseous and particulate substances depending on
the composition, concentration and time period for which an employee is exposed to a harmful substance.

Thermal cutting results in high emissions
Gas flame cutting is one of the most important production
processes in the metal industry. It is used for unalloyed and
low-alloyed steel for medium to large plate thicknesses and
is also used in the processing of train tracks, among other
things. This creates high smoke emissions – depending on
various parameters:

Sheet thickness
Flame gas
Cutting gas pressure
Cutting speed

In addition to the cutting dust, poisonous and pungent nitrous gases such as nitrogen dioxide are created
(we have explained here which hazards are created due to the use of nitrous gases). The cutting dust
emission rate is at about 10 to 50 milligrams per second.

Plasma cutting releases particulate matter
Plasma cutting processes are used to cut sheet metal with a thickness of about 100 millimeters. In general,
a high concentration of particulate matter is released when using this form of thermal cutting. Hazardous
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substances are mainly dependent on the composition of the workpiece as well as the chosen cutting
parameters and on the type of plasma gas used.  More particles per time unit are generated during great
cutting flows and high cutting speeds. These emissions occur during plasma cutting:

Unalloyed and low-alloy steel: Cutting dust (mainly iron oxides) – for plasma cutting, the amount of
smoke released is many times higher than that released in gas cutting
Chrome nickel steel: In addition to iron oxide, also nickel oxide and chromium (VI) compounds
Nickel and nickel-based alloys: high levels of nickel oxide
In addition to cutting smoke, ozone can also be produced in a dangerously high concentration when
working with highly reflective raw materials with aluminum (e.g. aluminum-silicon alloys).

If the materials contain chromium or nickel, then carcinogenic chromium (VI) compounds and nickel oxide
are generated. When using compressed air and/or nitrogen as plasma gas, then a large quantity of nitrogen
oxide is generated.

Large dust quantities are also generated during laser cutting
Laser cutting can cut and separate nearly any material. The process is used for small and medium-sized
material thicknesses in order to process complex two or three dimensional shapes quickly and accurately.
Due to the complexity of the procedures and equipment, a range of different factors determine which
hazardous substances are generated in which concentration and harmfulness. For laser cutting with a CO2

laser, the following parameters affect the quantities of the emitted harmful substances:

Workpiece thickness
Lens focal length
Cutting gas pressure
Laser beam power
Cutting speed

With growing intensity of the parameter, the dust emission
increases. Due to the high energy density used in laser
cutting, the particles are particularly fine. They also contain
nanoparticles which are able to penetrate cell membranes. 
Even if the dust quantity is less in laser cutting than in
plasma cutting, it is still significant. The highest emissions of
harmful substances occur in the laser cutting of chrome-
nickel steel. The emission of harmful substances is in turn
greater when cutting galvanized steel in comparison to
unalloyed steel. The emissions of harmful substances are

reduced by about half if nitrogen (laser cutting high pressure cutting) is used as cutting gas instead of
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oxygen (laser flame cutting).

When using so-called solid-state lasers, so-called Nd:YAG lasers, then the emissions of harmful substances
are less than for CO2 lasers. Once again, the increase of work material thickness also increases the cutting
dust emission – and once again the cutting dust is considerably reduced if nitrogen is used as the
processing gas. Furthermore, these parameters also influence the quantity of emitted harmful substances:

Absorbed intensity (power density)
Cutting gas pressure
Cutting speed
Processing efficiency
Workpiece thickness

For all processes of thermal cutting, the use of effective extraction technology is thus necessary. In order to
prevent the limit value for the A-fraction of dust (1.25 milligrams per cubic meter) being exceeded when
thermal cutting at the machine (independent of the chemical composition of the materials), technical
protective measures have to be introduced, such as under the table extraction. Otherwise, independent of
the basic material, the relevant limit values (maximum workplace concentration and old technical
concentration guideline) are exceeded quickly. The extraction table  with powerful filter systems are
essential and ensure the safety of employees if there are large quantities of fine dust.

SERIES: WELDING PROCESSES

The serial "Welding process" highlights the dangers behind the most common types of welding – from the
gas welding through inert gas welding to thermal spraying. Which hazardous substances are emitted when
welding a particular material? What effect can this have on the health of welders according to the latest
scientific findings? We will inform you on the following subjects in nine parts:

Part 1: Gas welding
Part 2: Manual Arc welding
Part 3: MAG-welding
Part 4: MIG-welding
Part 5: WIG-welding
Part 6: Resistance welding
Part 7: Laser beam welding
Part 8: Thermal cutting
Part 9: Thermal spraying
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