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Reliability study of an emerging
fire suppression system

Self-contained fire extinguishers are a robust, reliable and minimally invasive means of fire suppression for
gloveboxes. Plutonium gloveboxes are known to present harsh environmental conditions for polymer
materials, these include radiation damage and chemical exposure, both of which tend to degrade the lifetime
of engineered polymer components. The primary component of interest in self-contained fire extinguishers is
the nylon 6-6 machined tube that comprises the main body of the system.

Thermo-mechanical modeling and characterization of nylon 6-6 for use in plutonium glovebox applica-
tions has been carried out. Data has been generated regarding property degradation leading to poor, or
reduced, engineering performance of nylon 6-6 components. In this study, nylon 6-6 tensile specimens
conforming to the casing of self-contained fire extinguisher systems have been exposed to hydrochloric,
nitric, and sulfuric acids. This information was used to predict the performance of a load bearing engineering
component comprised of nylon 6-6 and designed to operate in a consistent manner over a specified time
period. This study provides a fundamental understanding of the engineering performance of the fire
suppression system and the effects of environmental degradation due to acid exposure on engineering
performance. Data generated help identify the limitations of self-contained fire extinguishers. No critical
areas of concern for plutonium glovebox applications of nylon 6-6 have been identified when considering
exposure to mineral acid.
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INTRODUCTION

The most effective protection from ra-
dioactive materials is engineered bar-
riers and has been incorporated
through architectural and structural
design.1 Potential engineering con-
trols include differential ventilation
pressure zones, High-Efficiency Par-
ticulate Air filtration, radiation shield-
ing, and gloveboxes. Gloveboxes used
for radioactive materials are main-
tained at a lower pressure than the
surrounding room atmosphere so that
relatively small leaks result in air in-
flow rather than radioactive material
release. In addition, they are con-
structed of stainless steel to provide
structural stability.

However, seismic events present un-
resolved issues in designing glove-
boxes. One of the most challenging
accident scenarios is the post-seismic
fire event. History has shown that glo-
vebox fires can be extremely dangerous
and may pose significant health
hazards when the products of combus-
tion include radioactive and toxic
materials.2

As previously reported in this jour-
nal, self-contained fire extinguishers
were demonstrated to be a robust,

reliable and minimally invasive means
of fire suppression for gloveboxes.3

They can be mounted to the interior
of the glovebox. One example of such a
system is the Fire FoeTM system. This
self-contained fire extinguisher
employs a nylon tube that contains a
jelled fire suppression media. The ny-
lon tube is pressurized to 0.7 MPa at
room temperature conditions, and the
combination of thermally induced
weakening of the nylon material asso-
ciated with heat from the fire and ex-
pansion of the jelled fire suppression
media causes the rupture and release
of the fire suppressant.

The overall system reliability
depends on the tube failing predictably
for any given fire scenario. There will
be variability in the time of release
associated with variations in the fire
signature. As previously reported in
this journal, methodology has been
developed to predict fire induced wall
failure in small scale compartments
such as gloveboxes.4 A small scale test
apparatus has been developed to char-
acterize tube wall temperature and
breakage properties. In this experi-
mental campaign, the thermal environ-
ment that causes a tube wall failure has
been determined. The study shows that

David A. Miller is affiliated with the
Mechanical and Industrial Engineer-
ing, Montana State University, Boze-
man, MT 59717-3800, United States.

Lyric M. Rossati is affiliated with the
Mechanical and Industrial Engineer-
ing, Montana State University, Boze-
man, MT 59717-3800, United States.

Nathan K. Fritz is affiliated with the
Mechanical and Industrial Engineer-
ing, Montana State University, Boze-
man, MT 59717-3800, United States.

Michael E. Cournoyer is affiliated with
the Los Alamos National Laboratory,
Los Alamos, NM 87545, United States
(Tel.: 505 665 7616; e-mail:
mailto:mec@lanl.gov).

Howard N. Granzow is affiliated with
the Los Alamos National Laboratory,
Los Alamos, NM 87545, United States.

10 � Division of Chemical Health and Safety of the American Chemical Society 1871-5532

http://dx.doi.org/10.1016/j.jchas.2015.01.005Elsevier Inc. All rights reserved.

mailto:mec@lanl.gov
mailto:mec@lanl.gov
mailto:mec@lanl.gov
mailto:mec@lanl.gov
http://dx.doi.org/10.1016/j.jchas.2015.01.005


the heat release rate and heat flux has
been accurately modeled since for-
ward predicted temperatures closely
matched the experimentally measured
values.

Plutonium gloveboxes are known to
be a harsh environment for polymer
materials. Radiation, chemical expo-
sure, inert atmosphere, and dry (low
humidity) atmosphere have high po-
tential to degrade the lifetime of engi-
neered components.5–7 In the Fire
FoeTM system, the primary component
of interest is the nylon 6-6 machined
tube that comprises the main body of
the system, as seen in Figure 1.

The investigation of the remaining
engineered components of the fire sup-
pression system is beyond the scope of
this study.

The reliability of nylon 6-6 due to
exposure alpha radiation was recently
studied.8 The environment of a pluto-
nium glovebox is such that the
expected dose rate from radiological
sources ranges to very high levels of
over several Mrad per year in the worst
case. In the worst case glovebox sce-
nario, the plutonium radiation sources
exist as a thick plutonium oxide
(PuO2) dust which layers onto every
surface within the glovebox. Method-
ology has been developed to predict
radiation induced wall failure in small
scale compartments such as glove-
boxes. The data showed evidence of
slight degradation in the nylon 6-6
material with increasing levels of alpha
particle dose. Variations in the level of
alpha particle dose applied to the ny-
lon material show discolorations
which may prove useful as a quick
reference to age of self-contained fire
extinguisher systems within glove-
boxes. There appears to be a much
higher level of degradation in the spe-
cimens under neutron irradiation.

Data generated from radiation induced
degradation studies help identify the
limitations of self-contained fire extin-
guishers.

Besides high levels of radiation, plu-
tonium gloveboxes are also exposed to
high levels of mineral acids. The goal of
this report is to create a model by
which the effects of mineral acids on
nylon 6-6 could be quantified and from
which conclusions on the shelf life and
reliability of the self-contained fire ex-
tinguisher systems could be drawn.
The effect of mineral acid induced me-
chanical property changes on failure
mode and lifetime are also character-
ized.

In the following study, a literature
review of material properties of nylon
6-6 was conducted to provide a funda-
mental understanding of the engineer-
ing performance of the fire suppression
system and the effects of environmen-
tal degradation. Engineering analysis
and material testing in nylon 6-6 were
conducted that measures the perfor-
mance of the material under acid in-
duced degradation. This information
will be used to aid in the assessment
of the performance of a load bearing
engineering component comprised of
nylon 6-6 and designed to operate in a
consistent manner over a designated
time period.

DEFINITIONS

� Creep (sometimes called cold flow):
The time dependent tendency of a
solid material to move slowly or de-
form permanently under the influ-
ence of mechanical stresses, despite
stresses being below the yield stress
of the material.
� Hardness: The measure of the mate-

rials resistance to deformation and is

related to the yield stress and frac-
ture toughness of the material.

LITERATURE REVIEW

An article by Thanki and Singh provid-
ed an excellent review of nylon 6-6
degradation from photooxidative,
thermal, radiative and sensitized deg-
radation.9 Degradation of properties is
identified as an irreversible process
stemming from small structural
changes within the polymer induced
by the environment. A second review
article, by Fairgrieve, provided insight
into the background of nylon 6-6 prop-
erties and degradation.10 This article
summarized the history, the degrada-
tion properties, stabilization, and recy-
cling of nylon 6-6. The chemistry
behind the material is described as well
as the reactions that take place during
the degradation process. Early stages
of research showed that nylon 6-6 was
susceptible to heat and light. This ob-
servation is consistent with observa-
tions with glovebox glove polymers
reported in this journal.11 The degen-
erative process was characterized as a
discoloration followed by loss in phys-
ical properties. Photooxidative degra-
dation is also apparent in nylon 6-6.

Brown et al. studied the effect of sul-
furic acid on nylon 6-6.12 In this study
the diffusion rate of sulfuric acid was
studied in nylon 6-6 at various concen-
trations and temperatures. The pH con-
centrations ranged from distilled water
to 1.0 M sulfuric acid. The temperatures
tested ranged from 20 to 90 8C. The
degradation of the material was based
upon yield stress, flexural modulus, and
inherent viscosity.

The yield stress of the material was
then compared with the saturation
temperature at different concentra-
tions. Water and 0.1 M sulfuric acid
were shown to slightly increase the
yield strength of the material with in-
creasing saturation temperature. Al-
though at higher temperature, the
acid present showed signs of degrada-
tion. Higher concentrations showed a
significant decrease in the yield
strength of the material as the satura-
tion temperature was increased. A sim-
ilar trend was found for the flexural
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Figure 1. Self-contained fire extinguisher tube.
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