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Abstract - Oxygen, which is always present in the atmosphere among the three elements of combustion, can
cause fires and explosions with only a very small amount of combustibles under high-pressure oxygen
conditions. The burning rate is also significant, and can rise to temperatures that can have a direct impact, such
as melting process equipment and piping in an instant. Therefore, accidents that occur under high pressure oxy-
gen often cause more damage than other accidents. Recently, while operating a valve installed in an oxygen
supply pipe, rapid combustion and rupture occurred inside, resulting in human casualties due to an explosion.
In the case of an old carbon steel pipe, particles generated during operation become combustible and can cause
accidents. . In particular, since oxygen facilities are facilities licensed under the High Pressure Gas Safety
Management Actand there are no restrictions under the Occupational Safety and Health Act, accumulating
these standards is of utmost importance. Therefore, in this study, based on accident cases and overseas stand-
ards, methods for improving safety when handling hyperbaric oxygen are reviewed.
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Table 1. Accidents Case
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Date, Damage Accident details
Country
1 1991yr 2 deaths, During manual hauling of ceramics to the dryer, benzene vapour at a higher oxygen
Japan 1 injured concentration would cause an explosion.
ground. Damage was caused to the valve of a cylinder filled up to the pressure of 20 MPa.
2013yr The force generated by decompressing gas
2 . 1 deaths .o . . . ,
India led to ejection of the damaged cylinder valve directly into the employee’s stomach, and as an
effect his being thrown ca. 6 metres away
3 1996yr | iniured During test operation, residual oil between the shut-off valve installed at the rear of the
Korea J compressor and the strainer exploded due to reaction with oxygen
4 1999yr 1 death, At the gas filling station, the oil and oil mixed in the filling container react with oxygen,
Korea 1 injured causing the oxygen container to explode
5 2009yr | death A fire broke out while cutting pipes under hyperoxic(low pressure, high concentration oxygen)
Korea i conditions with a portable grinding machine
6 2014yr 3 death During the operation of the pressure reducing valve at the oxygen plant, the fat and oil
Korea remaining inside the oxygen pipe was ignited by high-pressure oxygen expanded to a pipe fire
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Table 2. Potential ignition mechanisms in gaseous oxygen piping system

Ignition

. Conditions Contributing factors
mechanisms s

Particle(s) present Density, quantity, and composition of particles present
Impact point Impact point in the flow path of the particle; ignition
Flammable targets related to operating enhanced as angle approaches perpendicular

High pressure drop

Particle impact

conditions

Quick-opening valve
Volume of gas pressurised

Rapid pressurisation

Adiabatic ® Exposed non-metal or contamination close to . .
R ® Function of final pressure, initial temperature, and
compression the end .
. . pressure ratio, Low AIT of non-metals can lead to
® High pressure ratio P :
ignition at pressure greater than 10 bar (145 psi)
Promoted L. . . ® Usually non-metals
Lo ® Ignition mechanism present and active L. . L
ignition/ ® Ignition and combustion of a flammable material igniting

Flammable materials to kindle or propagate

kindling chain a less flammable material

Two or more rubbing surfaces High speed and/or high load on rubbing surfaces

Mechanical ® Relative motion ® More severe with aluminium alloys
friction ® Mechanical load ® High rotational velocity or high oscillation/vibration
® Galling frequency under normal load
Mechanical e Single or repeated impact loading . Por‘ous mafenal (exposed to liquid oxygen in most cases)
impact ® Non-metal or metal at point of impact * Quick closing valve
® Chattering check or relief valve
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Quick:opening vahve Table 3. Table of exemption pressure and mini-
Obstruction mum thicknesses
Oxygen
supply Engineering Minimum Exemption
Closed alloys thickness pressure
ﬁ Obstruction 304
Sonic velocity flow, 3041,
316,
Open 3L, 3.18 mm 1.38 MPa
321,
347
304,
Autoignition 304L,
temperature 316,
316L. 6.35 mm 2.58 MPa
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