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TEST REPORT: EVOLUTION OF COMBUSTION BYPRODUCTS FROM GASEOUS FIRE SUPPRESSION AGENTS

Steven E. Hodges, Ph.D. Michael Chapman, Physical Scientist
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EXTENDED ABSTRACT

An interesting observation made during a study of potential fire suppression agents with lower GWP
than those currently used, was that the byproducts from FK-5-1-12 evolved quite differently than those
from Halon 1301 or HFC227-BC.™ Continuous sampling gas phase Fourier Transform Infrared (FTIR)
spectrometers were used to analyze the combustion byproducts from each trial in near real time. Using
this technique allows for the accurate measurement of multiple analytes, including COF, and HF. Since
the relative toxicity of these compounds are quite different, the ability to quantify each of these
compounds is necessary for an adequate determination of injury or incapacitation due to inhalation of
these toxic gases.[zl

Specifically, Halon 1301 (Figures 1 and 2) and HFC227-BC (Figures 3 and 4) generally produced lower
levels of carbonyl fluoride (COF,) initially which then decayed into hydrogen fluoride (HF), whereas FK-5-
1-12 produced high levels of HF and COF, simultaneously (Figures 5 and 6). Adding BC dry chemical to
the FK-5-1-12 discharge nozzle improved performance, but did not change the temporal trend, and the
levels of byproduct remained above acceptable limits (Figure 7). The result was that the dose of acid
and carbonyl byproducts from FK-5-1-12, neat or with dry chemical, were consistently well above the US
Army casualty criteria limit of 746 ppm-min (5-minute dose), while byproducts from HFC227-BC and
Halon 1301, used with normal design concentrations, were well below the limit. Even when HFC227-BC
was applied at less than 1/3 of the HFC-227ea class B minimum design concentration of 8.7% (Figure 3),
the byproduct levels were much lower than obtained in any tests using FK-5-1-12 (Figures 5 — 7).

Overall, this result suggests that chemicals, such as FK-5-1-12, that are designed to be more reactive,
thus yielding shorter atmospheric lifetimes and therefore lower GWPs, generate much higher byproduct
levels during the fire suppression process than more stable, and thus likely higher GWP, compounds.

1. Hodges, S. E. and McCormick, S. J., “Fire Extinguishing Agents for Protection of
Occupied Spaces in Military Ground Vehicles,” Suppression & Detection Symposium
(SUPDET), National Fire Protection Association (NFPA), 2010.
http://www.dtic.mil/dtic/tr/fulltext/u2/a517470.pdf

2. ATC Chemistry test report no. 2009-CC-359.
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Figure 1. Byproduct levels for Halon 1301: 3.25%, fire out 155 ms, 5-min average dose 439 ppm-min (2009-CC-359_KH5)
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Figure 2. Byproduct levels for Halon 1301: 4.77%, fire out 190 ms, 5-min average dose <233 ppm-min (2009-CC-359_KH3)
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Figure 3. Byproduct levels for HFC227-BC: 2.50% HFC-227ea + 5% w/w BC, fire out 184 ms, 5-min average dose 1,070 ppm-min

(2009-CC-359_KFMBC3)
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Figure 4. Byproduct levels for HFC227-BC: 4.88% HFC-227ea + 5% w/w BC, fire out 148 ms, 5-min average dose <125 ppm-min

(2009-CC-359_KFMBC2)
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Figure 5. Byproduct levels for FK-1-5-12: 5.90%, fire out 199 ms, 5-min average dose 8,100 ppm-min (2009-CC-359_KNOV1)
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Figure 6. Byproduct levels for FK-1-5-12: 9.31%, fire out 141 ms, 5-min average dose 4,959 ppm-min (2009-CC-359_KNOV2)
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Figure 7. Byproduct levels for FK-1-5-12 with 5%w/w BC: 9.32%, fire out 168 ms, 5-min average dose 1,900 ppm-min (2009-CC-
359 KNVBC2)

DISTRIBUTION STATEMENT A. Approved for public release; distribution unlimited.



