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Ignition Sensitivity of Nonmetallic Materials
in Oxygen-Enriched Air „NITROX…: A
Never Ending Story in SCUBA Diving?

ABSTRACT: Self-contained underwater breathing apparatus �SCUBA� divers
use different mixtures of nitrogen and oxygen as breathing gas. The so-
called NITROX mixture often contains more oxygen than is contained in air
and may increase the fire hazard in diving equipment. The SCUBA diving
community, however, still differentiates between NITROX mixtures that con-
tain more than 40 % oxygen or less. They consider a mixture with up to 40 %
oxygen often as regular air. In filling operations of SCUBA cylinders, gas
flows from high pressure to low pressure. Because of compressive heating, a
sudden temperature rise in the gas occurs and nonmetallic materials, e.g.,
seals may ignite. BAM has used the pneumatic impact test to investigate the
ignition sensitivity of ethylene propylene diene monomer �EPDM�, fluorelas-
tomer �FPM�, polytetrafluorethylene �PTFE�, polyetheretherketone �PEEK�,
and nylon �PA 6.6� to gaseous impacts in synthetic air, in various NITROX
mixtures, and in pure oxygen. The test results clearly show that for nonme-
tallic materials, the maximum pressure of nonreaction in NITROX mixtures
decreases at a content of 29 % oxygen in comparison to those in air. In
addition, autoignition temperatures of the nonmetallic materials were also
determined. The findings of this investigation support very well the results of
other publications on oxygen enrichment. As a consequence of this study, in
SCUBA diving, the same safety requirements for NITROX mixtures with
more than 21 % oxygen should be applied as for pure oxygen in the industry.
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Introduction

In self-contained underwater breathing apparatus �SCUBA� diving, nitrogen
may accumulate in the human body depending on the diving depth and on the
duration of diving time. This means for divers that they have to dispose of
nitrogen before reaching the water surface by undertaking several decompres-
sion stops. If not, there is a high risk to the divers’ health. The advantage in
minimizing the nitrogen and increasing the oxygen content reduces the risk of
nitrogen enrichment in the human body.

Therefore, SCUBA divers use different mixtures of nitrogen and oxygen as
breathing gas. The so-called NITROX mixtures mostly contain more oxygen
than air and help reduce the risk of decompression sickness. Several NITROX
mixtures, partially with misleading names are used in SCUBA diving. Table 1
contains nitrogen/oxygen mixtures that are common in the diving community.

For example, the so-called SaveAir® 50 suggests a safe use of this gas,
comparable to normal air, but this mixture actually contains 50 % oxygen. Even
NITROX 100, e.g., suggests being a nonhazardous mixture with nitrogen, but
NITROX 100 is nothing else than pure oxygen!

In industry, it is well known that higher oxygen concentrations than in air
increase the fire hazards in a mixture of nitrogen and oxygen. Parts of the
SCUBA diving community, however, still differentiate between NITROX mix-
tures that contain more than 40 % oxygen or less. A mixture with up to 40 %
oxygen is often considered as regular air. In this context, many people forget
that besides the pressure, compressed air exhibits additional risks. It could be
shown that nonmetallic materials that are considered as nonflammable in air at
ambient pressures may ignite and burn in air at pressures greater than 20.7
MPa �2�.

Typical nonmetallic materials in valves, fittings, and other parts are sealing
materials, lubricants, residues of abrasion, detergents, oils, etc. Figures 1 and 2
give examples of what flammable nonmetallic materials may be present in div-
ing components.

TABLE 1—NITROX mixtures in SCUBA diving �1�.

Name of NITROX Mixture
Content of Nitrogen/Oxygen

in Volume %
NITROX 0 71/29
NOAA-1 68/32
NITROX-D 67,5/32,5
NOAA-II 64/36
NITROX-C 60/40
SaveAir® 50 50/50
NITROX-B 40/60
NITROX 100 0/100
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It is widely spread that diving equipment for such mixtures does not re-
quire special attention to fire hazards. Furthermore, it is not regarded as essen-
tial to have this equipment cleaned as usually required for oxygen service in
industry or for medical purposes.

That this attitude may result in incidents has already been published more
than 10 years ago �3�. In addition, it has already been shown that an increase in
oxygen content results in decreasing autoignition temperatures �AIT� and me-
chanical impact energy thresholds for most of the nonmetallic materials �4,5�.

Filling operations of SCUBA cylinders by the gas blending technique or by
premix decanting are common in diving centers. During these processes, gas
flows from high pressure to low pressure. Because of compressive heating, a
sudden temperature rise in the gas occurs and nonmetallic materials may ignite
and cause a burn-out of diving components. Figure 3 shows the burn-out of an
oxygen pressure reducer. Even the metallic housing burned. Figure 4 is a pic-
ture of a metallic oxygen filling hose with an organic liner that burned out
because of compressive heating.

The incidents shown in the above-mentioned figures can be understood if
the theoretical maximum temperature is calculated that can be developed in

FIG. 1—Sealing tape on pressure gauge connector.
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rapid pressurization of oxygen from atmospheric pressure at 20°C to 100 MPa,
yielding a temperature of 815°C �6�.

So far, only few publicly available data exist on the ignition sensitivity of
nonmetallic materials to gaseous oxygen impacts in NITROX mixtures. BAM,
The Federal Institute for Materials Research and Testing in Germany, decided
to perform tests on some sealing materials that may typically found in SCUBA
diving equipment such as EPDM, FKM/FPM, PA 6.6, PEEK, and also PTFE.

Additionally, AIT determinations on these materials were performed to find
out whether former findings in oxygen enriched mixtures �4,5� can be sup-
ported with BAM’s unique inductive heating test method �7�.

Experimental

A standardized test method that simulates compressive heating or pressure
shocks that may occur during filling operations of cylinders is the pneumatic

FIG. 2—Residue of sealing tape on valve connector.

BINDER ET AL., doi:10.1520/JAI102262 127



FIG. 3—Burned oxygen pressure reducer.

FIG. 4—Oxygen filling hose.
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impact test according to ISO 21010, Annex C �8�. This test method utilizes a 750
mm long connecting tube with an internal diameter of 14 mm between the
quick opening valve and the sample holder. Instead of pure oxygen alone, this
test was carried out with various NITROX mixtures and with synthetic air. Air
Liquide Deutschland GmbH supplied all the gases with a purity of 99.2 %.
Table 2 shows what NITROX mixtures were used in this study.

The standardized pressure shock test was performed with these different
NITROX mixtures at 60°C. By opening of a quick-opening valve, the samples
are exposed to gaseous oxygen impacts from atmospheric pressure to the final
test pressure. The pressure rise time is 15–20 ms.

In addition, AIT determinations on the materials with the above-mentioned
nitrogen/oxygen mixtures were performed using BAM’s AIT tester, which is de-
scribed elsewhere �7�. The sample holder, an autoclave, is pressurized to the
desired pressure at the beginning of the test and a low-frequency heater induc-
tively heats the autoclave in an almost linear way at a rate of 110 K/min. Pres-
sure and temperature are recorded so that the ignition of the sample can be
recognized by a sudden rise in temperature and pressure.

The nonmetallic materials were taken from the stock and prepared for the
tests according to the above-mentioned standard.

Results and Discussion

Table 3 shows the results that were obtained in oxygen pressure shock testing.

TABLE 2—List of NITROX mixtures used in this study.

Gas Mixture
Content of Nitrogen/Oxygen

in vol %
Air 79/21
NITROX-0 71/29
NITROX-C 60/40
NITROX-B 40/60
Pure oxygen 0/100

TABLE 3—Maximum pressures of nonreaction in bar at 60°C as a function of oxygen
content.

Material

Oxygen Content in vol %

21 Air 29 NITROX-0 40 NITROX-C 60 NITROX-B 100 Pure Oxygen
PTFE 90 75 45 35 20
PA 6.6 55 40 35 25 20
PEEK 50 50 30 25 20
FKM/FPM 90 55 55 40 30
EPDM 30 25 20 15 10
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It contains the maximum pressure of nonreaction for five materials depending
on the oxygen content in the NITROX mixture.

Generally, the table shows that for a given test temperature, the maximum
pressures of nonreaction decrease with increasing oxygen content. The trend
curves in Fig. 5 depict that this mainly occurs between an oxygen content of 21
% as in air and 29 % in NITROX-0.

These results show that nitrogen/oxygen mixtures with slightly greater oxy-
gen content than in air already raise the risk of a fire incident.

Table 4 contains the results of the AIT determinations at 50 bar for the
above-mentioned five materials depending on the oxygen content.

For the given test pressure, the AIT of the nonmetallic materials decreases
with increasing oxygen content. The trend curves are shown in Fig. 6. The AIT
is almost constant only for PTFE. For this material, no distinctive influence of
the oxygen content on its AIT is detectable. This result confirms former findings
on AIT determinations in oxygen enriched environments �5�, where the same
method of investigation but a different test apparatus was used at 34 and 69
bar.

FIG. 5—Influence of oxygen content on the maximum pressure of nonreaction in pres-
sure shock testing.

TABLE 4—AITs in °C at 50 bar as a function of oxygen content.

Material

Oxygen Content in vol %

21 Air 29 NITROX-0 40 NITROX-C 60 NITROX-B 100 Pure Oxygen
PTFE 475 473 471 471 466
PA 6.6 327 297 269 250 136
PEEK �500 413 390 436 407
FKM/FPM 363 350 338 334 306
EPDM 249 231 213 201 183
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Also, the results of the AIT determinations depict that NITROX mixtures
with an oxygen content higher than in air may increase the chance of having a
fire incident.

Summary and Conclusions

This investigation with different NITROX mixtures used for SCUBA diving
shows that already a slight increase in oxygen content in nitrogen/oxygen mix-
ture increases the fire hazard of nonmetallic materials in comparison to air. The
findings of this work support very well the results of other papers on oxygen
enrichment and leave no more any doubt that for safety-related reasons:

• NITROX mixtures with an oxygen content of more than 21 % should be
handled with care like pure oxygen.

• Valves, fitting, hoses, and other parts used for NITROX mixtures should
be tested for burn-out safety according to National and International
standards for oxygen components.

• Regulations for pure oxygen should be also adopted for NITROX mix-
tures.

Regarding the question in the title of this paper “NITROX–A Never Ending
Story in SCUBA diving?” the answer today must be: “Yes, the story is over!”

It should be clear to everyone in the diving community that even NITROX
mixtures with oxygen contents between 21 % and 40 % need to be handled with
care.
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