




1 the broadening of the carbon dioxide band at about 2360 cm- . These features are only observable in the 
in siru mode and providc significant information about the detailed interaction of the agent and flame. 
The use of this information is discussed in the following section on time resolved infrared (TRIR) 
spectroscopy . These "hot" spectral features complicate the determination of quantitative concentrations 
and are quite dcpendcnt on the movement of the flame in response to air currents. 
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Figure 2.  Schematic diagram of FTIR experimental modes 

Spectrum C was recorded in the emission mode. This mode clearly shows the effect of the 
excited molecules whose emissions are the primary features of the spectrum. Black body radiation creates 
an overall emission background. An interesting feature of this spectrum is the series of downward 
oriented peaks below 1500 cm-'. These result from the absorption of energy by the agent in the space 
between the flame and the IR window. The lack of agent emission peaks suggests that the agent is 
entirely consumed by the flamc. A detailed spectroscopic study of flame-agent interactions was beyond 
the scope of this study, but would yield valuable information useful in designing second generation agents 
and minimizing decomposition produm. 

A special feature of the NMERI F l l R  spectrometer is its ability to collect spectra at very high 
data rates. At low resolution, 16 cm-'. 20 spectra per second can be collected. This resolution is not 
adequate for detailed gas-phase spectroscopy, which is often performed at resolutions of 0.2 cm-'. This 
resolution is far tm high to enable spectra collection in a time resolved mode. For these experiments a 
compromise resolution of 2 cm-' was chosen allowing a data acquisition rate of approximately 2.5 spectra 
per second. Figure 5 shows an example of a time resolved "stack" plot prcduced from the spectra recorded 
during an extinguishment experiment. 
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Figure 3. Representative spectra during agent discharge in each experimental mode. HFC-227ea 

RESULTS 

Laboratory Scale 

The LEETC experiments provide an interesting qualitative comparison of three replacement 
agents, and Halon 1301. Figures 6 and 7 show time resolved plots of typical extinguishment experiments 
in the HF/Hydrocarbon and CO$O/COF2 regions respectively. Several distinctive features are apparent 
in these spectra. 

1. HF and COF2 concentrations rise and fall rapidly during extinguishment. This is an effect 
of the observations being made in the flame region. Also, the rise and fall occurs aS the 
agent and flame interact followed by diffusion of the products into the total chamber volume. 

2. The sudden appearance of heptane absorptions indicates extinction of the flame. 
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3. Distinctive differences exist between Halon 1301 and the other agcnts. 

-1 
Wave Number, cm 

Figure 4. Typical Spectral Assignments 
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Figure 5. Time resolved suck plot for an entire extinguistiment experiment 
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In another set of experiments, much larger tires were examined using h e  external sampling 
mode. In one of these experiments, an unusual set of peaks appeared in the stack plot shown in Figure 8. 

-1 Wave Number, cm 

Figure 8. Peaks highlighted by TRIR in a lest of HFC-227ea were 
identified by comparison to reference spectra. 

n e  new peaks were identified by comparison to reference spectra! The new decomposition 
product, perfluoropropene (CF3CF=CF2) is the expected product formed by dchydrohalogenation: 

Reactionl. CF3CFHCF3 3 CF3CFSF2 + HF 

This kind of analysis provides important information about actual combustion/extinguishment 
machanisms. Also, agents may form potentially harmful combustion products which are not identifiable 
when measured by traditional analysis methods (ie. grab samples and gas chromatography). For example, 
examination of key industrial hygiene literatureS indicates that perfluompropane is only moderately toxic. 
However, other products which might be derived from hydrofluoropropanes, and butanes could create 
much more serious toxicological problems. 

Field Scale 

Detailed examination of the decomposition product formation in the field scale (645 ft3) is 
beyond the scope of this paper, however Figures 9 and 10 present some summary results. Figure 9 shows 
the HF formation with a variety of agents at different tire sizes and short extinguishment times (< 20 
seconds.) Fire sizes are indicated in terms of the tire pan surface area to chamber volume ratio in units of 
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ft2 per loo0 ft3. While this ratio has been commonly used in the past, there is no theoretical basis to 
confirm its validity. It should be noted that the 0.62 ft2/1000 ft3 fires were in the intermediate scale 
chamber and the 0.69 ft2/1000 ft3 fires were in the LEETC. Figure 10 indicates that the variation in the 
0.62 ft2/1000 ft3 fires appears to be an effect of the time required for extinction. Long extinguishment 
times allow grater quantities of agent to interact with the flame and form higher concentrations of 
combustion products. The diagonal lines show the fits which are obtained for Halon 1301, and all of the 
other agents combined. Individual plots for single agents did not vary greatly. 

E 
Q 
'L loo-; 
C 
0 .- 

4- 

?! - 10 c 
P) 

0 C 

8 
LL r 

0.1 7 

1000 1 
i 

m 
6+ H F G n  

0 

E 
a 

+ FC3-1-10 

'f HFC227ea 

-: 

IpI .,, -.I .Lower Dttection Urnit -.I - 1.:7 

I e&Hs';1301 4 

Hslon1301 

0 HFC-227ea 

X HFC-23 

FCZ-1-10 

A R-595 

f Labchamber 

Figure 9. HF concentration as a function of fNe size for fires extinguished in less than 20 seconds. Note 
at small fire sizes there is a large variation in HF formation. 

CONCLUSIONS 

LEETC testing in various lTIR modes indicates the power of FUR as a method for determining 
the decomposition product formation during extinguishment. This power is enhanced by the use of time 
resolved techniques to sample at high frequency during the extinguishment event. Of special note was the 
direct observation of CF3-2 during experiments with HFC-227ea. 

lntcrmediate field scale testing of NFFA 2001 agents indicates an approximate 10 fold increase 
in HF production versus Halon 1301. This decomposition product formation for the new agents is also 
much more dependent on the time to extinguish and fire size than in the Halon 1301 case. 
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Figure IO. HF concentration as a function of extinguishment time for 0.62 ft2/1000 ft3 fires in the 
intermediates scale test chamber. IDLH = Immediately Dangerous to Life and Health. 
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