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PREFACE 

The Federal Aviation Administration (FAA) Technical Center's Aircraft Fire Safety 
Program targets the development of a small-scale fire test for cabin interior 
materials including flammability, smoke, and toxic gas emissions. The emission of 
toxic gases by a burning material is an important element of the overall hazard. 
In addressing this aspect of the program, the Technical Center has developed data 
on toxi c gas production from pyrolysis of aircraft interior materials. Reliable, 
reproducible test data are required to conduct and communicate the program. The 
latest analytical equipment, automated and supported by computer hardware and 
software is employed to identify, quantify, and document gas yields. 

This report presents a specific methodology for fire gas analysis and docu­
mentation. The information is reduced to selected tabulations and graphic plots. 

: This graphic presentation data can represent an identification, "Fingerprint" of 
the materials test event. Yields of selected toxic gases measured by methods used 
in the past are compared with results obtained by the current methodology. 
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INTRODUCTION 

PURPOSE. 

The purpose of this report is to present the most recent methodology for aircraft 
material toxic pyrolysis gas generation, collection, analysis, and documentation, 
and to compare results with those obtained using other techniques for confirmation 
of data. 

BACKGROUND. 

Past studies of the toxic gases from pyrolysis of aircraft interior materials 
have been conducted over a 5-minute exposure at 600° centigrade (C) in an airflow 
of 2 liters per minute (references 1 and 2). The total yields of eight selected 
toxic gases were measured from samples collected in liquid-filled impingers by 
differential pulse polarography (DPP), ion selective electrode (ISE), and ultra­
violet and visible spectroscopy. Carbon monoxide was collected in a plastic bag 
and the yield was measured using a nondispersive infrared analyzer. 

This report expands on the collection technique, automatic chemical analyzers, 
and computer application for the identification, quantitation, and documentation 
of effluent gases from the above exposure in three distinct measurement groupings. 
Yields for 13 materials are used for comparison. The first measurement group is 
oxygen (02), carbon monoxide (CO), and carbon dioxide (C02), using automatic 
commercial gas analyzers. A computer collects data points and plots the progres­
sive changing concentrations of these three gases in graphic form. These plots 
are referred to as text "Fingerprints," and are utilized to monitor subsequent test 
burns conducted to analyze for other fire results. The "Fingerprint" plots depict 
the decomposition history of the material under test. This technique also depicts 
autoignition very graphically. Subsequent analyses are for total yields of the 
other gas groupings. The second group is hydrogen cyanide (HCN) and other organic 
gases measured by gas chromatography (GC). The third group is hydrogen fluoride 
(HF) and hydrogen chloride (HCl), and other acid gases measured by ion chro­
matography ( IC). Collection technique, chemical analysis procedure, and com­
puter application are distinct for each gas group. This report includes examples 
of computer prints, plots, and computer augmentation. 

EXPERIMENTAL 

GENERAL APPROACH. 

The test evaluation of an aircraft interior material for toxic gas emission under 
thermal degradation is divided into three parts. Each part encompasses a specific 
family of gases. The final test and analysis methodology is based on a number of 
considerations including state-of-the-art automation, chemical analyzers, the 
accumulated experience of past investigators, and guidelines suggested by the 
Committee on Fire Gas Toxicology of the National Research Council (reference 3), 
the American Society of Test Methods (ASTM), Committee E 5 (reference 4), and 
others (references 5, 6, 7, and 8). Triplicate tests are run, and in most cases, 
triplicate chemical analyses are run. Results are statistically treated and 
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reported. The aircraft interior materials selected for this study (table A-1 of 
the appendix) were the same as those used in previous work (references 1 and 2). 
The selection was made on the basis of previous gas yields and the scope of the 
field to be studied. 

THE GAS FAMILY GROUPS 

The gas family groups consist of the following: 

Part A Oxygen, Carbon Monoxide, 
Carbon Dioxide. 

Part B Major Gases: Hydrogen Cyanide 

i 
Minor Gases: Acrolein, 

Acetonitrile, 
Acrylonitrile, 
Benzene, 
Acetone, 
Propane. 

Part C Major Gases: Hydrogen Fluoride, 
Hydrogen Chloride. 

Minor Gases: Hydrogen Bromide, 
Sulphur Oxides, 
Nitrogen Oxides 

PART A - FIRE GASES. 

A procedure for the continuous automatic monitoring of oxygen, carbon monoxide, 
and carbon dioxide concentrations from a combustion tube furnace test is used to 
"Fingerprint" the rate of thermal decomposition of a material at a constant 
temperature exposure for a fixed interval. 

A 250 plus or minus 5-miligram environmentally (ASTM) conditioned sample is 
placed in a tare weighed ceramic boat. The boat is inserted inside a 25-millimeter 
Vycor combustion tube inside a Lindberg single-zone tube furnace (CTF) stabilized 
at 600° C (figure 1). The temperature is measured with a Leeds Northrup potent­
iometer. A dry airflow of 2 liters per minute is applied. The Vycor tube is 
positioned so that 10 centimeters is extended beyond the furnace to reduce buildup 
of combustion products in a hot zone that could support a flash-fire in the tube, 
yet remain warm enough to minimize condensation. The tube is attached to a 10-
milimeter glass "T" with a 4-millimeter bore. The "T" is a stopcock with a 
silicone rubber stopper. One leg of the "T" is connected to a 12-liter Saran"' bag, 
and the other leg to a continuous gas analyzer module (figure 2). This module was 
designed and constructed at the Federal Aviation Administration (FAA) Technical 
Center, and is described in the next section. 
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At the initiation of the test, all legs of the stopcock "T" are opened and the 
Saran bag is emptied. The analyzer module draws 1/2 liter per minute of dry air 
through the combustion tube. The sample is placed in the furnace and a calibrated 
2 liters per minute of dry air enters the system. The system allows for a 1 and 
1/2-liter-per-minute flow to enter the Saran bag and the remaining 1/2 liter per 
minute enters the module. 

After 5 minutes, the stopcock is switched on connecting the Saran bag to the 
module only. The average concentration of gases represented in the bag is the 
yield for the test run. The combustion tube and furnace are then removed. After 
a cooling period, the ceramic boat and ashes are weighed, and the weight loss is 
recorded. The dry airflow for the test is calibrated with a wet gas meter 
corrected for temperature and pressure (Boyles Law) and monitored through a 
Matheson #603 flowmeter. 

The automatic gas analyzer module flow diagram is presented in figure 2. The 
automatic gas analyzer module was assembled to continuously measure the oxygen, 
carbon monoxide, and carbon dioxide effluent from a combustion tube furnace burn 
test. The carbon monoxide and carbon dioxide are analyzed with a Beckman Model 
864 nondispersive infrared analyzer. The oxygen is analyzed with a Beckman OM-11 
polarograph analyzer. All systems plumbing is with 1/4-inch stainless-steel 
swagelok fittings. The module has been equipped with all necessary calibration gas 
bottles and rotometers for testing blended gas samples. The automatic analyzers 
are hooked up in series. The pump to the oxygen analyzer draws 1/2 liter per 
minute through the entire system. Downstream of the furnace and stopcock is a 
10-millimeter by 65-millimeter section of glass tubing packed with 25-millimeters 
of Alcoa type F-1 activated alumina 30/60 mesh held in place with glass wool. This 
is attached to a Gelman 2220 stainless steel inline filter holder equipped with a 
47-millimeter polypropylene filter disc. All fittings prior to the filter are 
Teflonm swagelok and after the filter stainless steel swagelok. This configura­
tion adequately protects the analyzer sensors from tar effluent buildup, yet · 
results in no more than a 20-millimeter pressure differential due to clogging from 
start to finish of a test. Both filters are replaced after each test run. The 
polypropylene discs are retained for future comparisons. During the test duration, 
a uniform 1/2 liter per minute flow is maintained. Calibration of the test module 
with certified full-scale standard gases is performed before every test. Two 
ranges are used for the carbon monoxide and carbon dioxide analyzers. The high 
range is calibrated 0-10 percent CO and 0-20 percent C02. The low range is 0-2 
percent CO and 0-5 percent C02. Generally, low range is used for materials with 
fiber glass as a reinforcement, or decompose slowly. The high range is used for 
materials which decompose quickly and are prone to autoignition. 

Computer programs have been developed inhouse to document the results from the 
automatic gas analyzer module (reference 9). The analyzer instrument output 
is set at 0 to 5 volts direct current and is compatible with the analog-to­
digital converters on the DEC PDP 11/03 computer system. Each combustion tube 
furnace burn has three files established, one for each gas analyzer, and data are 
collected directly on an RL-01 5-megabite disc in real-time. 

The PDP 11/03 is linked through an RS-232 interface to a Tektronix 4051 graphics 
terminal with a hard copy unit and a Tektronix 4662 flat bed plotter. 

After a test burn is completed, file output can be documented and displayed in 
a variety of options. Computerization allows the complete data bank to be 
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instantly accessible and has the advantage that any material test result can be 
compared to any other directly and visually. As many overlays, displays, and 
plots can be compared as desired. Data remain in the file and can easily be 
recalled and/or augmented. 

The time concentration plots of material decomposition provide insight not avail­
able with total yield information alone. Within the series of three burns of the 
same material, direct comparison of each burn event can explaL1 variations in yield 
of carbon monoxide which is toxic, and carbon dioxide which is less of a hazard but 
indicative of a more complete oxidation. Autoignition, flashover, events of a 
material are clearly shown by a sudden decrease in oxygen c.oncentration with a 
concomitant increase in carbon oxides. During the test, this flashover is also 
visual and audible. 

In a comparison of materials, sample 14 (figure 3) shows burns 1, 3, and 4; burn 
1 was somewhat more gradual with the exception of an early large carbon monoxide 
peak that is reflected in the final carbon monoxide yi.eld. Burn 3 was the most 
oxidative burn having the largest carbon dioxide peak. Burn 3 also produced the 
lowest hydrogen cyanide yield, pointing to the theory that an oxidative burn can 
carry hydrogen cyanide over to nitrous oxides in the effluent gas mix. This 
reaction yield is also reflected in material 15 (figure 4), burn 4. The potential 
relative flammability hazard of a material is graphically displayed for study. As 
an example, material sample 6A (figure 5) depicts very gradual decomposition, in 
addition to low gas yields. Material sample 32 (figure 6) likewise undergoes 
relatively slow oxidation 2 minutes into the burn event, and demonstrates very good 
reproducibility between tests. In c:omparison, material sample 104 (figure 7) 
decomposes quickly and autoignites. The burn event is almost completely over in 1 
1/2 minutes. An analysis of the results from material sample 100 (figure 8) is 
interesting. It resulted in the highest standard deviation in hydrogen cyanide 
yield. One possible explanation can be seen in burn 3 which showed double the 
hydrogen cyanide total yield and did not undergo the autoignition events seen in 
burns 1 and 2. Consequently, organic gas concentrations are also considerably 
higher because oxidative combustion did not occur. 

Addi tiona! "Fingerprints" are depicted in figures 9 through 13. 

It has often been reported that no two fires are exactly alike, despite very care­
fully controlled conditions, uniform temperatures and airflows, sample size and 
conditioning, etc (reference 11). 

PART B ORGANIC GASES. 

In part A, the description of gas collection is presented for the automatic 
analyzer module and the Saran bag sample. The bag sample is used for the gas 
chromatographic analyses of the organic gas family group including hydrogen 
cyanide, referred to as part B gases (figure 14). At the end of a test run burn, 
the Saran bag is mixed and kneaded for uniformity. Gas samples are extracted by 
volumetric syringe, or adsorbed on to 30/60 mesh GC porous thermally desorbed 
polymer Tenax in a 12 centimeter by 1/4-inch glass lined stainless steel tube. 
The tubes are sealed with Parafilm and stored in a freezer for later analysis. 
Samples remain quantitative for 1 week at minus 17° C. The adsorbed sample is 
connected in a backflush mode to a Perkin Elmer 3920 GC equipped with flame ion­
ization and nitrogen phosphorous detectors. Data is acquired on a Perkin Elmer 
Sigma lOB computer data station. A program for the collection of raw data, 
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calculation of quantities of identified gases, and documentation is started. Exam­
ples of various documentation output are presented in figures 15 through 20. 

The GC is calibrated daily from a cylinder of standard hydrogen cyanide gas 
with nominal 300-parts-per-million concentration. The cylinder is checked every 
month by titration with silver nitrate and has been found to be stable at this 
concentration for this period. Ten millimeters of the hydrogen cyanide calibration 
gas is drawn from a flowing stream into a Tenax tube with a 10-millimeter gas tight 
syringe adapted to accept the 1/4-inch outer diameter tube. This has been found to 
give identical results to direct syringe injection with the exception of slight 
retention time variations. The alkane series is calibrated with direct syringe 
injection of Scott standard mixtures. Those compounds, which are liquid at room 
temperature, are calibrated by injection of 10 microliters of headspace from the 
pure compound in a septum vial. Parts per million concentrations are calculated 
via the Clausis-Claperon equation for vapor pressure to determine the amount 
present. The reproducibility using this technique is plus or minus 15 percent. 
This technique has obvious advantages of speed and convenience. Since there is no 
solvent peak, time consuming preparations are bypassed and one need not worry about 
solvent evaporation changing the concentration of the calibration sample. 

All information on the Sigma lOB tapes is then printed out for reference and 
tabulation. The total information is then transferred via RS-232 interface to 
magnetic discs on the larger PDP 11/03 computer for filing and random rather than 
sequential access. The raw data can be augmented and recalled for plotting and 
comparison study. The results for as many gases as detected are placed in the 
permanent file for both GC detectors. As other peaks are identified and cali­
brated, the data bank can be updated to include the information. 

The HCN yields for this report are listed in table A-2 of the appendix, along with 
statistical comparison of this and the older method. 

HCN yields for the Nitrogrn Phosporous detector (NPD) are presented in table A-2 
of the appendix. While HCN is seen with the flame ionization detector (FID), the 
NPD, because of its high selectivity, is more accurate due to incomplete peak 
resolution from propane. That is, propane has approximately ten-fold the response 
of HCN at identical concentration on FID, while HCN has one-hundred times the 
response of propane on NPD so peak resolution is not necessary. For each material 
burn, three Tenax samples are drawn. The three analyses are averaged and the burn 
yield and the percent RSD for the analytical technique reported. The results 
for the three different burns of the same material are reported as the yield for• 
that material and the percent RSD associated with the yield may be thought of as 
the repeatability of the combustion process, as oppose to the analytical 
technique. 

Part C - Acid Gases. 

The pyrolysis acid gases are identified and measured by ion chromatography. These 
gases are generated in the combustion tube furnace (figure 1) described in Parts A 
and B. The collection method for Part C is different. An airflow of 2 liters per 
minute is drawn through the CTF using a vacum pump. The combustion gases exiting 
the tube are divided equally into four streams monitored by rotometers, and 
collected in liquid filed bubblers (figure 1). Four bubblers are used for balance 
and multiple testing and to control foaming. A series backup bubbler is used to 
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evaluate for collection efficiency. The yields reported in table A-3 of the appen­
dix, are obtained by combining the yields from the first and its backup bubbler. 
The bublers contain 25 milliliters of 5/100 molar sodium carbonate solution. 
Sodium carbonate solution produces less interference than sodium hydroxide. The 
backup bubbler can collect up to 25 percent of the effluent gas. Yields in table 
A-3 of appendix A are combined yields for two bubblers. 

Anion concentrations are measured with a Dionex Model 10 Ion Chromatograph, modi­
fied for use with a Dionex autoion system 12 Autosampler. An injection valve 
actuated by solenoid va.lves was added in parallel with the existing air toggle 
controlled injection valve. The air toggle controlled valve is used for manual 
syringe injection, and the electrically controlled valve is for automatic injec­
tion. Another addition to the system is an injector valve which diverts the eluent 
through the appropriate valve. Three potentiometric detectors are used downstream 
of the conductivity detector. Two detectors are used for measuring chloride and 
one for fluoride. A bioanalytical TL 6 thin layer silver, silver chloride cell 1 
followed by a mercury, mercury chloride thin layer cell with a double junction 
silver, silver chloride reference electrode are used to measure chloride. The 
silver, silver chloride thin layer cell is illustrated in figure 21. 

A thin layer flow cell housing an Orion solid-state fluoride electrode and double 
junction silver, silver chloride reference electrode has been installed further 
downstream. This flow cell is composed of an electrode holder and a 30-mil 
polyethylene spacer sandwiched between plexiglas blocks. The electrode holder 
screws into the block. An 0-ring around the fluoride electrode presses against 
the block to form a leakproof seal. A salt bridge also rests in this block and 
is held in place by a recessed 0-ring. A silver, silver chloride reference elec­
trode rests in the salt bridge containing a 10-percent potassium nitrate solution 
(figure 22). 

These cells are housed in a grounded aluminum box (faraday cage) to protect them 
from any surrounding, electromagnetic fields. This box is lined with Kaowool~ board 
insulation. A coil of 1/ 4-inch outer diameter (O.D.) copper tubing lies on the 
bottom of the box. A water line from a constant temperature circulating bath 
passes through the system to maintain a constant box temperature. Room temperature 
fluctuations of plus or minus 5° C result in a box temperature change of 1° C. A 
3- x 300-millimeter low capacity anion exchange column is used as a separatory 
column. A 6- x 250-millimeter cation exchange suppressor column is used. Glass 
water jackets and a con~tant temperature circulating water bath control the 
temperature at the suppressor column and the detectors. The bath temperature is 
maintained at 25° plus or minus 2/100 of a degree centigrade. A 45/100 micron 
disposable syringe filter is used to protect the analytical column from contamina­
tion from samples. 

The potentiometric detectors are sensitive to changes in the eluent flowrate. A 
5-foot coil of 1/4-inch O.D. diameter Teflon lined stainless steel tubing, 
added at the pressure gauge, results in a more than usual constant pressure of 
400 pounds per square inch with a pressure differential of 5 pounds per square 
inch per pump cycle. This coil depulses the eluent flow, resulting in a stable 
baseline. 

The injection valve is equipped with a 100-microliter sample loop. The eluent is a 
2.4 millimolar sodium bicarbonate, 2.6 millimolar sodium carbonate buffer. The 
eluent flow is 3.1 liters per minute (reference 10). A calibration curve is 
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constructed for chloride and fluoride by using standard solutions containing both 
ions. Five standard solution concentrations are entered into the PDP 11/03. The 
program to control the autosamp1er is run. The standard solutions are injected 
under program control every 6 1/2 minutes. The resulting calibration curves appear 
on the cathode-ray tube (CRT) (figures 23 and 24). The chromatographer reviews 
the calibration curves and proceeds to run samples if the curves are satisfactory. 
Calibration curves for each test are stored on disc. 

The millivolt signal from each detector is amplified so that it falls into a 0-
to 5-volt range, which is compatible with the analog-to-digital converters to the 
computer. The PDP 11/03 computer is used for data acquisition and reduction. A 
file is set up in memory for each detector, and data is collected in real-time. 
Reduced data is stored on an RL-01 5-megabite disc. The PDP 11/03 is linked 
through an RS-232 interface to a Textronix 4051 Graphics Terminal with a Hard Copy 
Unit, and a Textronix 4662 Flat Bed Plotter. Examples of computer output are 
presented in figures 25 through 28. Programs are written to present reduced test 
data as plots of time versus concentration, or as a tabulated report. 

STATISTICAL CHARTS. 

Figures 29 through 32 present the stastistical comparison of the yields of the 
toxic gases tested in this program and those yields reported by other chemical 
analysis. 

COMPARISON OF METHODS. 

The yields obtained using the old and new methods for fluoride and chloride 
analysis compare well. This can be seen in figures 30 and 31. Perfect agreement 
between methods is indicated by a solid line. Bromide is known to be an inter­
ference for the polarographic analysis of chloride. These anions interact 
catalytically at the mercury electrode. Hydrogen chloride yields obtained by 
DPP in which both anions are present are in error by as much as 50 percent 
(reference 2). Materials 14, 15, 32, and 42 have both HCl and HBr as thermal 
decomposition products. Chloride yields obtained using DPP are significantly 
lower for these materials than yields obtained using IC with a Ag/AgC1 detector. 
Bromide is not an interference for chloride in the IC method, as these species 
are separated prior to the detector. 

• 

Figure 32 illustrates the different yields obtained using IC with two different 
metal/chloride salt of metal IC detectors. Yields can be seen to be generally 
higher with the Hg/Hg2Cl2 detector. This is probably due ' to the incomplete 
return to baseline from a tailing bromide peak from a previous sample. Brommide 
peaks obtained using the Ag/AgCl detector are symmetrical • 

CONCLUSIONS 

The conclusions reached from this project and the comparison of resu1 ts achieved 
from the new methods of combustion gas analysis (computer aided gas and ion 
chromatography) versus the old methods (differential pulse polarography) are: 

1. New methods of analysis give comparable results to old methods. 
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2. New methods via computerization and automation allow for large number of 
samples to be analyzed. 

3. New methods lend themselves to expansion to analyses of other gas species. 

4. New methods employ commercial equipment that can be adopted and utilized by 
most laboratories. 

5. Fingerprints can be viewed as an identification of a material and/or a monitor­
ing of a burn event that is used to study other fire hazards. 
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COMBUSTION TUBE FURNACE 

,,. """ I 1-::::::I 1----..... 

TENAX SAMPLING SYSTEM 

VENT 

~~--------------~ 
0.5 lpm VFC 8 

0
TENAX ADSORPTION 
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10 ml SYRINGE 
WITH 'A" SWAGELOK 

ADAPTER 

MERCURY MANOMETER 

FLOW METER 
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47 mm x IO~m 

CALIBRATION GASES 

12 LITERS 
SARAN 
SAMPLE 
BAG 

10 mm GLASS 
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CO - BECKMAN 8 6 4 
NON DISPERSIVE I R 

CO2- BE-CKMAN 864 
NON DISPERSIVE I R 

Oz- BECKMAN OM- II 
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0 ANALYSER

2 

ANALOG OUTPUT IS RECORDED 
via PDP- II COMPUTER SYSTEM 

FIGURE 2. AUTOMATIC GAS ANALYSER 
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SAMPLE 14Z 

25 1. 
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u
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!!:. 
8 

BURN I CONC- 4141 PPH 
BURN J CONC- 3161 PPH 
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FIGURE 3. FIRE GAS FINGERPRINTS, 14Z 

SAMPLE ISZ 

25 
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200 
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-.--~·~..·~:~:·~:~·. :..;,:..;. 

400 500 600 

BURN I CONC - 2369 PPM 
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········· ···· ·········· ····· ··· ········· ............... 
400 500 600 

FIGURE 4. FIRE GAS FINGERPRINTS, 15Z 
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SAMPLE 6AZ 

2S 
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~~~~~~~~·~-----------------
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FIGURE 5. FIRE GAS FINGERPRINTS, 6AZ 

SAMPLE 32Z 

2S 
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FIGURE 6. FIRE GAS FINGERPRINTS, 32Z 
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SAMPLE 104 

~-~1.... 
I· 
,.p=-=-------------------------------
I 

iV BURN 2 CONC - 19 "7. 
BURN 3 CONC- 19 ""' 

v 
I I 

100 200 300 400 500 600 
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BURN 2 CONC- 8693 PPH 
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_______,_____ ----
,.100 200 300 400 500 600 
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TIME (SECONDS) 

FIGURE 7. FIRE GAS FINGERPRINTS, 104 

SAMPLE 100 

25 

;:: 20 -~......-:=~·-=-=-=-~·--·-·-·-·-·-·-·--
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u 

300 400 500 600 
TIME (SECONDS) 

FIGURE 8. FIRE GAS FINGERPRINTS, 100 
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SAMPLE 79Z 
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BURN 3 CONC - 3464 PPM 

10 

' ' \ 
I I 
I I 
'J 

12 

2S 

;:::: 20 
z 
w 
u IS 
w 
!!:. 10 "' 
s 

0 
0 

FIGURE 9. FIRE GAS FINGERPRINTS, 79Z 

SAMPLE 96Z 
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FIGURE 10. FIRE GAS FINGERPRINTS, 96Z 
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SAMPLE 42Z 
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FIGURE 11. FIRE GAS FINGERPRINTS, 42Z 

SAMPLE 78Z 
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OL0------------1~00 20L0----------~3~0~0----------~40~0~--------~S~00~----------6~00 

TIME (SECONDS) 

;::-
z w BURN I CONC- 17771 PPH 
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u -------------------------­·-·~·--------- ·-·--·-· -··-·-
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300 400 500 600 
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FIGURE 12. FIRE GAS FINGERPRINTS, 78Z 
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SAMPLE 127 
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N 2 
0 
u 
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FIGURE 13. FIRE GAS FINGERPRINTS, 127 
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GC OVEN 

___ AIR 

-
NITROGEN FLAME IONIZATION ,..... INJECTOR 

00 PHOSPHORUS DETECTOR 
(FID)DETECTOR 

(NPD) 

FLOW 

CONTROLLER 

ANALYTICAL COLUMN 

r---------11,_..- HYDROGEN 

L...-------+---t..._ 

METERING VALVES 

SOLENOID 
GC PARAMETERS 

4' x 1/8" Porapak QS 
4' x 1/8" Porapak S 

40 ml/min Tenax purge 

50/80 
80/100 

30 ml/min analytical column flow 

Injector 
Interface 

Temperature Program 
80- 220° C, 16°/min 

4 min lag 32 min hold 

FIGURE 14. GAS CHROMATOGRAPH CONFIGURATION 



1,• 

COMBUSTION TUBE MATERIAL * 6AZ .. BURN i2 
SAMPLE 1.. DETECTOR 

;· 
PEAK REPCRI' 

• TDE Nt:U. BCI) RF' aK NAME 
I 8.18 8.81• 1 .1.8888 8.8781 I •. 
2 I. 13 8.8SS8 1 1.3488 S.5875 K!llidl 
s 2.02 1.8386 2 1.8888 S.la281 
4 3.23 8.8688 1 0.eeae 2. 1768 ETtW£ 
s 3.84 8.84e7 I 1.8888 8.2336 I 
8 7.36 5.8612 4 8.6'S68 IS.SI28 PROPANE 
7 8.88 8.3740 8 4.6838 8.4368 HCN 
8 8.18 2.8251 4 1.8888 I t.e:258 IA 

T 8 8.88 8.8882 I 1.8888 4.8814 I 
18 18.88 8.1948 2 8.4718 t 4 .&888 BUTANE

T II 1.7588 ACETONITRILE 
E 1212.-16 e. 1758 4 1.7178 t . 6184 AC="O! EIN 

IS 12.75 8.5284 I 8.8888 2. 1286 ACETONEN 
14 8.8418 ACRYLONITRILEu IS IS.SS 8.8781 4 8.4188 2. fJStf7 PENTANE- A1.0 
18 18.87 8.8Q8t 4 t .8888 S.4G88 I 

T 17 15.88 3.5882 4 1.8888 17.8188 I 
I 18 18.58 I .8818 4 8.4828 4.34a t£XANE 

18 17.58 18.san I 8.8188 18.1186 BENZENE0 
Z8 18.87 7.8882 I 1.8888 88.3312 IN 21 23.41 8.7848 4 1.8888 48.5232 I 
22ZS.e7 8.5402 s 1.8888 2.7312 I 
2353.48 2.8273 I 1.8888 18.1388 I 

c.__~--'-~--L---l..--L._.__I. __ ...J_ __ L....L--- I I 
5 10 15 20 25 30 35 

TIME CMINUTES) 

FIGURE 15. ORGANIC GAS FINGERPRINTS 6AZ, DETECTOR 1 



COMBUSTION TUBE MATERIAL * 1 4Z.- BURN i2 
SAMPLE DETECTOR1 " 

• TD£ 
I 1.12 
2 2.88 
s 
4 S.2S 
5 4.82 
8 7.44 
7 8.18 
8 18.04A 
8 12.18T 

T 
18 
t I 12.83

E 12 13.27 
13N 

N 
14 IS. 71u

0 15
A 18 18.88
T 17 17.82 
I 1823.88 

18 33.860 
N 

r;;._..-'----'---'---'-1·~--'--1--. __._ _--L..-'---L-..L---4-I_....____.I 
5 10 15 20 25 30 35 

TIME <MINUTES) 

1 

ABEJ. 
8.1388 
3.1784 

8.1483 
8.8423 
1.2212 
2.5888 
1 .8G38 
1.16&6 

8.8333 
8.4417 

8.3485 

t .8388 
45.1888 
7.8134 
8.7788 

PEAK REPORT 
BCD Rf 

I 1.3488 
4 1.8808 

8.8888 
5 1.8888 
I 1.8888 
4 8.53SI 
I 4.2888 
2 8.4718 
2 1.7A8 

1.7178 
I e.seee 
4 8.0418 

t .8888 
2 t .8888 

8.<4828 
4 t .8888 
2 8.3188 
t t .8888 
t t .8888 

COte twE . 
8 .&1 tiE1iil.l 

16.8628 I 
ETtfAME 

8.7318 I 
8.2118 I 
S.atl7 Pm'At£ 

52.7788 HCN 
2.6764 BUTNE 

18. 1458 ACETONITRI1.E 
ACROI fDI 

3.3684 ACETONE 
2.8786 ACRYLONITRILE 

PENTANE 
1.7478 I 

HEXANE 
8. tee 1 

78.8668 BENZENE 
36.8872 I 
3.8884 I 

FIGURE 16. ORGANIC GAS FINGERPRINTS 14Z, DETECTOR 1 
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COMBUSTION TUBE MATERIAL i 14Z~ BURN i2 
SAMPLE 1~ DETECTOR 2 

P£AIC REPORT

• TitE IR£A 8Q) RF CCK twtE 
I 8.17 1.3271 4 5.4418 38.1843 teN 
2 8.88 8.3212 I 1... 1.8182 I 
3 12.28 8.4282 2 2.8868 8. 18117 ACETOOTm.E 
4 13.28 8.1188 I 3.4868 2 .f/716 ACRYLONITRILE 
6 18.78 8.8uu 4 I.- 8.8868 I 
8 17.81 8.8783 I 1.8888 8.3617 I 

A 
T 
T 
E 
N 

N u 
...... A 

T 
I 
0 
N 

~--'---..&-1__,_ __ _J__:__l___J.___l._--L_ L . I 1 I_,_J 

5 10 15 20 25 30 35 
TIME <MINUTES) 

FIGURE 17. ORGANIC GAS FINGERPRINTS 14Z, DETECTOR 2 



COMBUSTION TUBE MATERIAL i 322~ BURN +1 
SAMPLE 1~ DETECTOR 2 

PfAIC REPORT 
f TDE IIIEJ. Ba> RF 
I I.IS 8.ee&e I 1... 
2 3.0448 
3 11.78 ...... 2 2.8S&B 
4 3.48 

A 
T 
T 
E 
N 

N A 
N 

u 
60JT 
50I 

0 
N 40~ 

30l 

~--------..~...-..1 I j ___ ,J__ j__l, __L_.L--L---L-.~ 

5 10 15 20 25 30 35 
TIME <MINUTES) 

FIGURE 18. ORGANIC GAS FINGERPRINTS 32Z, DETECTOR 2 

CCK NAME 
8.12SS I 

tal..I- AC£TOOTR:Il.E 
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600 

550 

500 

450 
A 
T 400 
T 
E 350 
N 
u 300 

N A 
w 

T 
I 250r 
0 
N 200r 

150r 
100,.... 

sel 

.. 

COMBUSTION 

18 14.33 8.8482 
18 16.87 2.1695 
28 16.78 8.8883 
21 18.43 8.7248 
Z2 17.Z7 86.7838 
23 18.48 1.1278 
24 28.22 8.4880 
2S 21.73 2.2427 
28 22.88 1.2784 
27 24.$4 0.&187 
28 28.51 3.8638 
2928.84 17.1&28 

e ___L_J___ .l -L--L.. - J I .. I I _J 

0 5 10 15 20 25 30 35 
TIME <MINUTES) 

FIGURE 19. ORGANIC GAS FINGERPRINTS 79Z, DETECTOR 1 

TUBE MATERIAL t 79Z .. BURN =11=1 

SAMPLE DETECTOR 11 .. 

PEAK REPCRT 

• Til£ . 
I 1.84 

J.RU. 
3.4862 

8CP 
t 

Rf' 
t .3488 

2 2.41 13.7844 4 I .8888 
3 2.84 I .2G28 s e.eeee 
4 8.34 8.5318 2 I .8888 
s 7.85 78.8482 4 1.eeee 
8 8.696'8 
7 7.77 18.8482 I 3.8888 
8 8.85 8.3587 4 I .8888 
9 9.-44 42.8487 4 I .8888 

18 18.ee 8.2288 4 t .8888 
It 11.28 2.3123 4 8.4718 
12 11.91 1.4181 4 1.7688 
IS t.7178 
14 12.53 77 .eo&G 4 8.8868 
16 12.84 1.5868 8 8.9418 
18 t .8888 
17 IS.85 3.7578 8 t .8888 

8 t .8888 
8 1.8888 
8 t .8088 
8 8.4828 
4 8.3UJ8 
8 I .8888 
8 t .eeee 
8 t .eeee 
8 I .8888 
8 I .6660 
8 t .eeee 
t t .8888 

CXK NAME 
23.4178 ttETttANE 
88.8224 I 
4.57 ETHANE 
2.8603 I 

S.7318 I 
PROPAt£ 

186.3888 HCN 
41.7538 I 

214.2338 I 
41.1448 I 
5.4465 BUTANE 

12.3812 ACETONITRILE 
ACROI fiN 

StS.12&8 ACETONE 
7.S836 ACRYLONITRILE 

PENTANE 
18.7888 I 
3.2818 I 

18.7m I 
3.4818 I 
I • 7478 HEXANE 

13Z. 8488 BEN2ENE 
5.8362 I 
2.3483 ! 

t 1.2138 I 
8.3622 I 
2.&837 I 

19.2888 I 
86.7832 I 
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COMBUSTION TUBE MATERIAL i 79Z~ BURN i1 
SAMPLE 1·~ DETECTOR 2 

• T1ME 
I 8.11 

- 2 1.85 
3 2.42 
4 e.ss 
s 7.87 
e 7.78 
7 G.42 
8 18.87 
9 t 1.81 

18 12.54 
II 13.88 
12 14.28 
13 15.17 
14 17.33 

PEAK REPORT 
NtEJ. BCD RF 

8.8888 I 1.8888 
8.8843 I 1 ... 
8.8887 I 1.8888 
8.4884 2 1.8888 
8.8428 2 1.8888 
4.8427 4 3.S848 
8.8281 6 I .8888 
8.8155 2 I .8888 
8.4582 4 2.8358 
8.8228 8 1.8888 
8.1048 I 3.48&8 
8.8282 2 1.8888 
8.8188 I I .8888 
8.8284 I I .8888 

____ __.__.___.L .......... -l--'-----L L--l----'-1 -'---'1 
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FIGURE 21. BIOANALYTICAL Ag/AgCl THIN LAYER CELL 

FIGURE 22. FLUORIDE THIN LAYER CELL 
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APPENDIX A 

TABLES 

THIS APPENDIX SHOWS (a) LISTING OF MATERIALS, (b) YIELDS OF 
ORGANIC GASES, AND (c) COMPARISON OF ACID GASES. 
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Sample Number 

6A 

14 

15 

18 

28 

32 

42 

78 

79 

96 

100 

104 

127 

TABLE A-1 • MATERIALS DESCRIPTION 

Cabin Use 

Composite Panel 

Composite Panel 

Panel Face 

Panel Component 

Batt Cover 

Molded Part 

Acoustic Skin 

Fabric 

Seat Cushion 

Fabric 

Plastic Shroud 

Seat Cushion 

Drapery 

A-2 

Chemical Description 

Polyvinyl Fluoride 
Aramid Honeycomb 
Phenolic Fiberglass 

Polyvinyl Fluoride 
Aramid Honeycomb 
Epoxy Fiberglass 

Polyvinyl Fluoride 
(Face for 14) 

A Clear Film of 
Polyvinyl Fluoride 

Polyvinyl Fluoride 
Aluminized Nylon Scrim 

Polycarbonate 

Polyvinyl Fluoride 

Aramid 

Fire Retarded Polyether 
Urethane 

Wool 49%, Polyvinyl 
Chloride 51% Fire Retarded 

Fire Retarded Polyvinyl 
Chloride 

Fire Retarded Polyester 
Urethane 

Modacrylic 



.. 

TABLE A-2. HYDROGEN CYANIDE ANALYSIS RESULTS 

Gas Chromatograph and Polarograph (2) yields of hydrogen cyanide in milligrams per gram. 

The GC yields are calculated from the nitrogen phosphorous detector. Three analyses are run 
on each of three test burns. The percent is relative standard deviation. 

Burn 1 Burn 2 Burn 3 Yield 
Sample No. (%) (%) (%) % Polarograph 

:r 6A 0.042 - 4.1 0.055 - 20.2 0.060- 21.2 0.052- 17.9 0 Ul 

14 11.99 - 2.3 7.54 - 16.8 8.58 - 17.4 9.37 - 24.8 7.5 
15 3.68 - 9.9 5.24 - 20.7 2.15 - 2.5 3.69 - 41.8 2.9 
32 0 0 0 0 0 
42 0.57 - 18.4 0.94 - 50.2 0.94 - 14.3 0.82 - 26.1 3.2 
78 3.66 - 10.5 6.84 - 19.2 5.43 - 20.6 5.31 - 30 7.0 
79 4.35 - 5.16 - 16.4 4.28 - 4.6 4.59 - 10.7 5.8 
96 10.1 - 7.7 11.27 - 11.1 10.52 - 10.8 10.63 - 5.6 11.2 

100 1.23 - 25.1 1.0 - 19.1 2.34 - 7.3 1.52 - 71.7 2.2 
104 3.12 - 2.87 - 17.6 3.66 - 2.9 3.21 - 12.6 5.0 
127 39.87 - 10.2 45.99 - 12.5 32.96 - 4.8 39.6 - 16.4 62.4 



TABLE A-3. COMPARISON OF ACID GAS YIELDS 

Percent HF Yields RSD HCl Yields RSD 
Material Wt. Loss (mg/g) (%) (mg/g) (%) 

6A ISE/DPP 34.8 11.6 13.5 22.0 13.0 
IC1 31.1 15.4 15.0 22.8 14.7 
IC2 25.1 36.8 

14 ISE/DPP 75.2 0.3 68 0 
IC1 76.6 4.4 57 1.5 68 
IC2 1.2 85 

15 ISE/DPP 96.7 36.0 9.7 0 
IC1 95.2 35.7 12.7 2.7 56 ~ 

IC2 2.5 92 

18 ISE/DPP 97.9 152. 12.4 0 
IC1 98.2 205 21.0 0 
IC2 0 

28 ISE/DPP 97.1 63.1 5.0 27.7 4.1 
IC1 96.8 70.6 25.6 26.3 14.2 
IC2 31.7 8.0 

32 ISE/DPP 97.0 0 
IC1 92.5 1.5 34.0 
IC2 1.5 14.0 

42 ISE/DPP 77.7 48.8 14.5 45.2 4.7 
IC1 78.8 65.5 7.3 73.1 6.2 
IC2 90.5 12.4 

78 ISE/DPP 90.7 43.1 23.2 
IC1 86.6 34.3 8.6 
IC2 36.5 12.3 

79 ISE/DPP 98.9 0 
IC1 97.6 0 
IC2 0 

96 ISE/DPP 94.8 205 13.8 
IC1 98.4 = 206 3.1 
IC2 211 13.8 

100 ISE/DPP 90.4 197 10.7 
IC1 88.8 197 10.4 
IC2 210 21.3 

104 ISE/DPP 97.3 0 
IC1 96.0 7.3 111. 
IC2 5.1 62. 
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127 ISE/DPP 
IC1 
IC2 

97.6 
98.4 

ISE/DPP = Solid state ISE for fluoride and DPP for chloride. 

IC1 IC with a Ag/AgC1 electrode and a fluoride ISE. 

IC2 = IC with an Hg/Hg2 C12 electrode 

182. 
231. 
273. 

36.3 
4.7 

10.3 

Reported yields are the average of three tests. One analysis is performed 
per test. 
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APPENDIX B 

EQUIPMENT 
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APPENDIX B 

EQUIPMENT 

Tenney Mite Environmental Chamber Setting (ASTM D618 61 24 Hrs 23° C 
50 percent R H) 

Lindberg STB Combustion Tube Furnace 

Leeds Northrup Potentiometer 

Precision Scientific Wet Test Meter 

Matheson Flowmeter 11603 

Beckman Oxygen Analyser OM 11 

Beckman Model 861 Infrared Analysers 

Tenax Polymer Adsorbent 

Perkin Elmer 3920 Gas Chromatograph 

Perkin Elmer N Detector 

Chemical Data System 190 Probe 

General Electric Hydrogen Generator 

Perkin Elmer Recorder 56 

Dionex System 10 Ion Chromatograph 

Dionex Auto Ionm System 12 Auto Sampler 

Bioanalytical TL6 thin layer cell 

Orion Solid State Fluoride Electrode 

Tektronix 4631 Hard Copy Unit 

Tektronix 4662 Interactive Digital Plotter 

Tektronix 4051 Cathode Ray Tube (CRT) 

Digital PDP 11/03 Computer 

Digital Decwriter II 

Perkin Elmer Sigma lOB Chromatograph Data System 

PDP 11/03 Software Programs were developed in-house 
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COMPUTER SOFTWARE PROGRAMS FOR CHEM LAB AUTOMATION 3/17/81 

1. GASANA 

2. ION 

- automates the collection of data from the burning of a material 
in a combustion tube furnace. 

- creates and controls data base of collected data. 
- supporting subroutines 

1) HELP 
2) LIST 
3) DIRECT 
4) COLECT 
5) READ 
6) GAPLOT 

- automates the collection of data from an Ion Chromatograph 
separation hydrogen fluoride and hydrogen chloride 

- controls data base of collected data 
- allows access to data base 
- gives reports and plots of results of data analysis 
- supporting subprograms: 

1. IONCCL 
2. IONCCO 
3. ION3CL 
4. ION3CO 
5. IONRPT 
6. IONPLT 

3. SIGTRN 

- automates the transfer of data from Sigma 1- microprocessor to 
DEC PDP-11/03 

- c~mtrols and provides access to data base of transferred data 
- generates reports 
- supporting subprograms: 

1. RDHEAD 
2. HDLIST 
3. TSLIST 
4. REPORT 
s. SIGFUL 
6. TSDATA 
7. PKTRNS 
8. FLCHNG 
9. SIGCTF 

10. SIGCOM 
11. ASCRL 

B-3 



12. TTSUB 
13. HELP 

4. GPPDRV 
- program to produce plots on CRT or flatbed plotter of x, y data 

stored on disks 
- used mainly to plot gas chromatograms 
- allows user to create data files via keyed in data 
- controls keyed in data base 
- supporting subroutines: 

1. HELP 
2. RDFLNM 
3. AD DATA 
4. LIST 
5. MODIFY 
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	PREFACE 
	PREFACE 
	The Federal Aviation Administration (FAA) Technical Center's Aircraft Fire Safety Program targets the development of a small-scale fire test for cabin interior materials including flammability, smoke, and toxic gas emissions. The emission of toxic gases by a burning material is an important element of the overall hazard. In addressing this aspect of the program, the Technical Center has developed data on toxi c gas production from pyrolysis of aircraft interior materials. Reliable, reproducible test data ar
	This report presents a specific methodology for fire gas analysis and docu-mentation. The information is reduced to selected tabulations and graphic plots. : This graphic presentation data can represent an identification, "Fingerprint" of the materials test event. Yields of selected toxic gases measured by methods used in the past are compared with results obtained by the current methodology. 
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	INTRODUCTION 
	INTRODUCTION 
	PURPOSE. 
	The purpose of this report is to present the most recent methodology for aircraft material toxic pyrolysis gas generation, collection, analysis, and documentation, and to compare results with those obtained using other techniques for confirmation of data. 
	BACKGROUND. 
	Past studies of the toxic gases from pyrolysis of aircraft interior materials have been conducted over a 5-minute exposure at 600° centigrade (C) in an airflow of 2 liters per minute (references 1 and 2). The total yields of eight selected toxic gases were measured from samples collected in liquid-filled impingers by differential pulse polarography (DPP), ion selective electrode (ISE), and ultra-violet and visible spectroscopy. Carbon monoxide was collected in a plastic bag and the yield was measured using 
	This report expands on the collection technique, automatic chemical analyzers, and computer application for the identification, quantitation, and documentation of effluent gases from the above exposure in three distinct measurement groupings. Yields for 13 materials are used for comparison. The first measurement group is oxygen (02), carbon monoxide (CO), and carbon dioxide (C02), using automatic commercial gas analyzers. A computer collects data points and plots the progres-sive changing concentrations of 
	EXPERIMENTAL 
	GENERAL APPROACH. 
	The test evaluation of an aircraft interior material for toxic gas emission under thermal degradation is divided into three parts. Each part encompasses a specific family of gases. The final test and analysis methodology is based on a number of considerations including state-of-the-art automation, chemical analyzers, the accumulated experience of past investigators, and guidelines suggested by the Committee on Fire Gas Toxicology of the National Research Council (reference 3), the American Society of Test M
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	reported. The aircraft interior materials selected for this study (table A-1 of the appendix) were the same as those used in previous work (references 1 and 2). The selection was made on the basis of previous gas yields and the scope of the field to be studied. 
	reported. The aircraft interior materials selected for this study (table A-1 of the appendix) were the same as those used in previous work (references 1 and 2). The selection was made on the basis of previous gas yields and the scope of the field to be studied. 
	THE GAS FAMILY GROUPS 
	The gas family groups consist of the following: 
	Part A Oxygen, Carbon Monoxide, Carbon Dioxide. 
	Part B Major Gases: Hydrogen Cyanide 
	i 
	Minor Gases: Acrolein, Acetonitrile, Acrylonitrile, Benzene, Acetone, Propane. 
	Part C Major Gases: Hydrogen Fluoride, Hydrogen Chloride. 
	Minor Gases: Hydrogen Bromide, Sulphur Oxides, Nitrogen Oxides 
	PART A -FIRE GASES. 
	A procedure for the continuous automatic monitoring of oxygen, carbon monoxide, and carbon dioxide concentrations from a combustion tube furnace test is used to "Fingerprint" the rate of thermal decomposition of a material at a constant temperature exposure for a fixed interval. 
	A 250 plus or minus 5-miligram environmentally (ASTM) conditioned sample is placed in a tare weighed ceramic boat. The boat is inserted inside a 25-millimeter Vycor combustion tube inside a Lindberg single-zone tube furnace (CTF) stabilized at 600° C (figure 1). The temperature is measured with a Leeds Northrup potent-iometer. A dry airflow of 2 liters per minute is applied. The Vycor tube is positioned so that 10 centimeters is extended beyond the furnace to reduce buildup of combustion products in a hot z
	-
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	At the initiation of the test, all legs of the stopcock "T" are opened and the Saran bag is emptied. The analyzer module draws 1/2 liter per minute of dry air through the combustion tube. The sample is placed in the furnace and a calibrated 2 liters per minute of dry air enters the system. The system allows for a 1 and 1/2-liter-per-minute flow to enter the Saran bag and the remaining 1/2 liter per minute enters the module. 
	At the initiation of the test, all legs of the stopcock "T" are opened and the Saran bag is emptied. The analyzer module draws 1/2 liter per minute of dry air through the combustion tube. The sample is placed in the furnace and a calibrated 2 liters per minute of dry air enters the system. The system allows for a 1 and 1/2-liter-per-minute flow to enter the Saran bag and the remaining 1/2 liter per minute enters the module. 
	After 5 minutes, the stopcock is switched on connecting the Saran bag to the module only. The average concentration of gases represented in the bag is the yield for the test run. The combustion tube and furnace are then removed. After a cooling period, the ceramic boat and ashes are weighed, and the weight loss is recorded. The dry airflow for the test is calibrated with a wet gas meter corrected for temperature and pressure (Boyles Law) and monitored through a Matheson #603 flowmeter. 
	The automatic gas analyzer module flow diagram is presented in figure 2. The automatic gas analyzer module was assembled to continuously measure the oxygen, carbon monoxide, and carbon dioxide effluent from a combustion tube furnace burn test. The carbon monoxide and carbon dioxide are analyzed with a Beckman Model 864 nondispersive infrared analyzer. The oxygen is analyzed with a Beckman OM-11 polarograph analyzer. All systems plumbing is with 1/4-inch stainless-steel swagelok fittings. The module has been
	Computer programs have been developed inhouse to document the results from the automatic gas analyzer module (reference 9). The analyzer instrument output is set at 0 to 5 volts direct current and is compatible with the analog-to-digital converters on the DEC PDP 11/03 computer system. Each combustion tube furnace burn has three files established, one for each gas analyzer, and data are collected directly on an RL-01 5-megabite disc in real-time. 
	The PDP 11/03 is linked through an RS-232 interface to a Tektronix 4051 graphics 
	terminal with a hard copy unit and a Tektronix 4662 flat bed plotter. 
	After a test burn is completed, file output can be documented and displayed in a variety of options. Computerization allows the complete data bank to be 
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	instantly accessible and has the advantage that any material test result can be compared to any other directly and visually. As many overlays, displays, and plots can be compared as desired. Data remain in the file and can easily be recalled and/or augmented. 
	instantly accessible and has the advantage that any material test result can be compared to any other directly and visually. As many overlays, displays, and plots can be compared as desired. Data remain in the file and can easily be recalled and/or augmented. 
	The time concentration plots of material decomposition provide insight not avail-able with total yield information alone. Within the series of three burns of the same material, direct comparison of each burn event can explaL1 variations in yield of carbon monoxide which is toxic, and carbon dioxide which is less of a hazard but indicative of a more complete oxidation. Autoignition, flashover, events of a material are clearly shown by a sudden decrease in oxygen c.oncentration with a concomitant increase in 
	In a comparison of materials, sample 14 (figure 3) shows burns 1, 3, and 4; burn 1 was somewhat more gradual with the exception of an early large carbon monoxide peak that is reflected in the final carbon monoxide yi.eld. Burn 3 was the most oxidative burn having the largest carbon dioxide peak. Burn 3 also produced the lowest hydrogen cyanide yield, pointing to the theory that an oxidative burn can carry hydrogen cyanide over to nitrous oxides in the effluent gas mix. This reaction yield is also reflected 
	Additiona! "Fingerprints" are depicted in figures 9 through 13. 
	It has often been reported that no two fires are exactly alike, despite very care-fully controlled conditions, uniform temperatures and airflows, sample size and conditioning, etc (reference 11). 
	PART B ORGANIC GASES. 
	In part A, the description of gas collection is presented for the automatic analyzer module and the Saran bag sample. The bag sample is used for the gas chromatographic analyses of the organic gas family group including hydrogen cyanide, referred to as part B gases (figure 14). At the end of a test run burn, the Saran bag is mixed and kneaded for uniformity. Gas samples are extracted by volumetric syringe, or adsorbed on to 30/60 mesh GC porous thermally desorbed polymer Tenax in a 12 centimeter by 1/4-inch
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	calculation of quantities of identified gases, and documentation is started. Exam-ples of various documentation output are presented in figures 15 through 20. 
	calculation of quantities of identified gases, and documentation is started. Exam-ples of various documentation output are presented in figures 15 through 20. 
	The GC is calibrated daily from a cylinder of standard hydrogen cyanide gas with nominal 300-parts-per-million concentration. The cylinder is checked every month by titration with silver nitrate and has been found to be stable at this concentration for this period. Ten millimeters of the hydrogen cyanide calibration gas is drawn from a flowing stream into a Tenax tube with a 10-millimeter gas tight syringe adapted to accept the 1/4-inch outer diameter tube. This has been found to give identical results to d
	All information on the Sigma lOB tapes is then printed out for reference and tabulation. The total information is then transferred via RS-232 interface to magnetic discs on the larger PDP 11/03 computer for filing and random rather than sequential access. The raw data can be augmented and recalled for plotting and comparison study. The results for as many gases as detected are placed in the permanent file for both GC detectors. As other peaks are identified and cali-brated, the data bank can be updated to i
	The HCN yields for this report are listed in table A-2 of the appendix, along with statistical comparison of this and the older method. 
	HCN yields for the Nitrogrn Phosporous detector (NPD) are presented in table A-2 of the appendix. While HCN is seen with the flame ionization detector (FID), the NPD, because of its high selectivity, is more accurate due to incomplete peak resolution from propane. That is, propane has approximately ten-fold the response of HCN at identical concentration on FID, while HCN has one-hundred times the response of propane on NPD so peak resolution is not necessary. For each material burn, three Tenax samples are 
	• 
	that material and the percent RSD associated with the yield may be thought of as the repeatability of the combustion process, as oppose to the analytical technique. 
	Part C -Acid Gases. 
	The pyrolysis acid gases are identified and measured by ion chromatography. These gases are generated in the combustion tube furnace (figure 1) described in Parts A and B. The collection method for Part C is different. An airflow of 2 liters per minute is drawn through the CTF using a vacum pump. The combustion gases exiting the tube are divided equally into four streams monitored by rotometers, and collected in liquid filed bubblers (figure 1). Four bubblers are used for balance and multiple testing and to
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	evaluate for collection efficiency. The yields reported in table A-3 of the appen-dix, are obtained by combining the yields from the first and its backup bubbler. The bublers contain 25 milliliters of 5/100 molar sodium carbonate solution. Sodium carbonate solution produces less interference than sodium hydroxide. The backup bubbler can collect up to 25 percent of the effluent gas. Yields in table A-3 of appendix A are combined yields for two bubblers. 
	evaluate for collection efficiency. The yields reported in table A-3 of the appen-dix, are obtained by combining the yields from the first and its backup bubbler. The bublers contain 25 milliliters of 5/100 molar sodium carbonate solution. Sodium carbonate solution produces less interference than sodium hydroxide. The backup bubbler can collect up to 25 percent of the effluent gas. Yields in table A-3 of appendix A are combined yields for two bubblers. 
	Anion concentrations are measured with a Dionex Model 10 Ion Chromatograph, modi-fied for use with a Dionex autoion system 12 Autosampler. An injection valve actuated by solenoid va.lves was added in parallel with the existing air toggle controlled injection valve. The air toggle controlled valve is used for manual syringe injection, and the electrically controlled valve is for automatic injec-tion. Another addition to the system is an injector valve which diverts the eluent 
	through the appropriate valve. Three potentiometric detectors are used downstream of the conductivity detector. Two detectors are used for measuring chloride and one for fluoride. A bioanalytical TL 6 thin layer silver, silver chloride cell 1 followed by a mercury, mercury chloride thin layer cell with a double junction silver, silver chloride reference electrode are used to measure chloride. The silver, silver chloride thin layer cell is illustrated in figure 21. 
	A thin layer flow cell housing an Orion solid-state fluoride electrode and double junction silver, silver chloride reference electrode has been installed further downstream. This flow cell is composed of an electrode holder and a 30-mil polyethylene spacer sandwiched between plexiglas blocks. The electrode holder screws into the block. An 0-ring around the fluoride electrode presses against the block to form a leakproof seal. A salt bridge also rests in this block and is held in place by a recessed 0-ring. 
	These cells are housed in a grounded aluminum box (faraday cage) to protect them from any surrounding, electromagnetic fields. This box is lined with Kaowool~ board insulation. A coil of 1/4-inch outer diameter (O.D.) copper tubing lies on the bottom of the box. A water line from a constant temperature circulating bath passes through the system to maintain a constant box temperature. Room temperature fluctuations of plus or minus 5° C result in a box temperature change of 1° C. A 3-x 300-millimeter low capa
	tion from samples. 
	The potentiometric detectors are sensitive to changes in the eluent flowrate. A 5-foot coil of 1/4-inch O.D. diameter Teflon lined stainless steel tubing, added at the pressure gauge, results in a more than usual constant pressure of 
	400 pounds per square inch with a pressure differential of 5 pounds per square inch per pump cycle. This coil depulses the eluent flow, resulting in a stable baseline. 
	The injection valve is equipped with a 100-microliter sample loop. The eluent is a 
	2.4 
	2.4 
	millimolar sodium bicarbonate, 2.6 millimolar sodium carbonate buffer. The eluent flow is 3.1 liters per minute (reference 10). A calibration curve is 
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	constructed for chloride and fluoride by using standard solutions containing both ions. Five standard solution concentrations are entered into the PDP 11/03. The program to control the autosamp1er is run. The standard solutions are injected under program control every 6 1/2 minutes. The resulting calibration curves appear on the cathode-ray tube (CRT) (figures 23 and 24). The chromatographer reviews the calibration curves and proceeds to run samples if the curves are satisfactory. Calibration curves for eac
	constructed for chloride and fluoride by using standard solutions containing both ions. Five standard solution concentrations are entered into the PDP 11/03. The program to control the autosamp1er is run. The standard solutions are injected under program control every 6 1/2 minutes. The resulting calibration curves appear on the cathode-ray tube (CRT) (figures 23 and 24). The chromatographer reviews the calibration curves and proceeds to run samples if the curves are satisfactory. Calibration curves for eac
	The millivolt signal from each detector is amplified so that it falls into a 0
	-

	to 5-volt range, which is compatible with the analog-to-digital converters to the 
	computer. The PDP 11/03 computer is used for data acquisition and reduction. A 
	file is set up in memory for each detector, and data is collected in real-time. 
	Reduced data is stored on an RL-01 5-megabite disc. The PDP 11/03 is linked 
	through an RS-232 interface to a Textronix 4051 Graphics Terminal with a Hard Copy 
	Unit, and a Textronix 4662 Flat Bed Plotter. Examples of computer output are 
	presented in figures 25 through 28. Programs are written to present reduced test 
	data as plots of time versus concentration, or as a tabulated report. 
	STATISTICAL CHARTS. 
	Figures 29 through 32 present the stastistical comparison of the yields of the toxic gases tested in this program and those yields reported by other chemical analysis. 
	COMPARISON OF METHODS. 
	The yields obtained using the old and new methods for fluoride and chloride analysis compare well. This can be seen in figures 30 and 31. Perfect agreement between methods is indicated by a solid line. Bromide is known to be an inter-ference for the polarographic analysis of chloride. These anions interact catalytically at the mercury electrode. Hydrogen chloride yields obtained by DPP in which both anions are present are in error by as much as 50 percent (reference 2). Materials 14, 15, 32, and 42 have bot
	Figure 32 illustrates the different yields obtained using IC with two different metal/chloride salt of metal IC detectors. Yields can be seen to be generally higher with the Hg/Hg2Cl2 detector. This is probably due' to the incomplete return to baseline from a tailing bromide peak from a previous sample. Brommide peaks obtained using the Ag/AgCl detector are symmetrical• 
	• 

	CONCLUSIONS 
	The conclusions reached from this project and the comparison of resu1ts achieved from the new methods of combustion gas analysis (computer aided gas and ion chromatography) versus the old methods (differential pulse polarography) are: 
	1. 
	1. 
	New methods of analysis give comparable results to old methods. 
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	2. 
	2. 
	2. 
	New methods via computerization and automation allow for large number of samples to be analyzed. 

	3. 
	3. 
	New methods lend themselves to expansion to analyses of other gas species. 

	4. 
	4. 
	New methods employ commercial equipment that can be adopted and utilized by most laboratories. 

	5. 
	5. 
	Fingerprints can be viewed as an identification of a material and/or a monitor-ing of a burn event that is used to study other fire hazards. 
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