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INTRCDUCTION y

PURPOSE.

toxic gases, using colorimetric detector tubes, and smoke produced by burning

wide-bodied cabin materials {n the National Bureau of Standards (NAS) Swoke

}
}
1
i
'
!
3
}E The purpose of this activity was to mecasure the concentration historv of sclected i
Chamber.
)

BACKGROUND.

L dARE | aia bar, dt Eoi Wi i on kb

Federal Aviation Administration (FAA) repulations poverning the selectlon of
air transport cabin materfals based on flammability criteris have been in
existence since 1946. In May 1972, the most recent upgrading of the perfor- E
amance criteria for material flammability wax promulpated (reference 1). With ;
- this rule change, the vast majority of cabin materials was required to be

X "self-extinguishing". However, under intense fire-exposure cend.-ions, “self-
A extinguishing" xaterials (or any polvmeric material for that mattei) burn ana,
C, depending on the circumstances, can produce levels of smoke and tuxi- combyi-
0 tion products that are hazardous to exposed individuals. The experixaice f

2 dense smoke {s common to all cabin-firc accidents and has led the “\A =4
propose regulations to minimize this hazard (reference 2). Moreovar, aount-
ing evidence from recent accidents indicating that toxic gas emissions (rom
fnterfor materials may have a sipnificant effect on occupant survivabliiiy»

has prompted the FAA to consider rulemaking to control these emissior: ;
(reference 3). 5

[ S

It was proposed by FAA that smoke produced by burning materials be measured

using the NBS Smcke Chamber (reference 4). This instrument gained recognition l

: in an FAA-sponsored study when it was used to measvwre the smoke generation of ¥

Ay 141 cabin interior materials under both flaming and non-fluming fire exposure i

- 1 conditions (reference 5). In chis study, the concentrations of a small number
L of selected toxic combustion gases were also measured sequentially, using

colorimetric detector tubes starting ncar the time ¢f maximum smoke accumula- |

, tfon. It was demonstrated that the materials tested produced a wide range of

4 smoke and toxic gas values, with some materials behaving msuch more favorably

. than others in this regard: i.e., having both low smoke and toxic gas levels.

- . DISCUSSION

GENERAL APPROACH.

The general apnroach taken wzs to burn rapresentative cabin mat-'rials in the
NBS Smoke Chamber and simultaneously measuare the concentration of smoke and
a selected n:mber of toxic gases, using the chamker photometric s 'stem and
colorimetric detector tubes, respectively. Although the chamber wis
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"ot speciiizally designed for the purposze of combustion gas analysis, this
Instrument wo s used for this study for several reasons. First, by testing
currently used cabin muterfals in the smoke chasber, additional data would

bhe provided for the ecarly NBS study conducted in 198 (reference 9): and sccondly,
the wide popularity and standardization of thin {netrusent would cnable many
other testing laborateries to compare results for fdentical test conditions.

TR LA

In the earlier NBS study (reference 5), toxic gas measuresents were oade using

celorimetric detector tubes {nnerted through the top of the chanher and F
ttuated 3 {nches below the cefling., Sanpling was inftiated when the sooke
“ev -l approached {ts peak and performed scequentially with the most reactive

pwes (HCL or HF) owasured first and the leant reactive (CO) seasured last.
v the present study, several procedural changes were =ade.

1 DT AT e
- - e T AU A - AP I gy g

BB AT T3y

i

el e

- sampling was conducted at the geometric center where a representative combus-
- tion pas mixture was more likely to exist than at the cefting.  Also, all of

. the selected toxie gases were measured simultancously anu at tepular increments
§ over the test duratfon. A concentration-tioe curve could then be constructed
3 for cach gas that would provide the peak concentration as well as the gas con-
; centration near the tioe of maximum smoke accumuiat{ion as measured in the carly
o work. All gases except HC! and HF were measurced from bap sasples:' the latter
two pases were measured with colorimetric tubes placed directly within the
chanber after {t was discovered that substantial sampling line and bag wall
loswes were experienced wizh these very reactive gases (see later detafled
discussion).

T v s A

Cotorimetric detector tubes have the advantages of simplicity, speed, and
fnexpensiveness, which are all important assets when the testing and analysis
E af a larpe number of miaterials s involved. Unfortunately, the tubas are also ?
fairlv {mprecise and, more Importantly, specific gas tube readings are
influcenced by other pases. These limitatfons must be recopnized and applied
when analyzing combustion gas data obtained with colorimetric tubes.
*

b The nature, quantities, and number of toxic gases produced by a burning poly-
E: meric material is strongly dependent upon the combustion conditions and the
?) physical and chemical properties of the material. Many of the carly combus-
; tfion pas studies were for a relatfvely small number of selected toxic gases
(reference 6). However, over recent years reseiarchers in this field have
3 applied advanced and specialized analytical tools to identify and queantitate
all paseous components (sce, for example, references 7, 8, and 9). This type
of effort to completely define the combustion gas mixture is useful and
necessary, but beyond the scope of the present work. Instead, a small number
of toxic pases were selected that are most often referred to in the literature
(e.g., eference 10). These gases are:

op 2ul:

o o et At
M .o e e
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Carbon Monoxide - CO
Hydrogen Chloride - HCl
A Hydrogen Cyanide - HCN
! Hydrogen Fluoride - HF :
Nitrogen Oxides - NOy
Ammonia - NHj3
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Sulfur Dioxide - S02

Hydropen Sulphide - Ha$

Tolucne Difxocvanate - TD! (for urcthane foamx)
F: Al lchvdoes

it )
-

1y

4 They {nclude all pases measured {n the carly NBS work (reference 5), except

for Cl2 and COCl2 which were not Jdetected then and thus omftted froa the
present studv. 3
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YBC SMOKE CHAMBER.

E A detafled descriptian of the NBS Smoke Chamber can be found in reference 4.

ﬁi A photograph of the chamber with gas sampling attachments usced In this study

- {4 shown {n figure 1. Basfcally, the chamber is comprised of an l8-cubic=-foot
1 (fe3) (510 liter) enclosed box, vertical specimen holder (2 9/16-i{nch-nquare

- specimen exposure), radiant heater (2.5 watts per aguare centiseter), t-tube
-, propane~air burncer, and photometric svsten for measuring lipht-obscuring smoke.
: The "sodifled" burner and holder were consisteatly used throughout the study E
treference 4).  Although two neminal exposure conditions are specified and
often used, materfals were only tested under the more severe flaming condition
(ccmbined radiant heat and burner fJames) {n order to produce higher combus-
tfon gas concentrations, This trend was usually observed both {n the KBS study
(reference 5) and during preliminary testing. Specimens were tested in thelr

end-use thickness, except for the thicker foams which were all tested at a
thickness of 1/2 inch.

Sceveral minor modificatfons had to be made to the chamber for this test progpranm. :
A number of holes were drilled through the ceiling to provide access for %
sampling probes. All previously bare metallic interfor surfacsr ere coated

with a chemical-resistant epoxy paint. The windows of the phctuwetric system
and chamber door were covered with a transparent Tefton® film during testing of

materials containing polyvinyl fluoride in order to prevent etching of the
glass by hydrogen fluoride.
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COLORIMETRIC DETECTOR TUBRES.

The variation with time (during the test) of each of the sclected toxic gases
was measured using commercial colorimetric tubes. Appendix A contzfns a descrip-
tion of the operation~] characteristics, known interference effects and per-
formance experience for each tube used. Essentially, a colorimetric tube {s
Ry y a small glass tube packed with a chemical that recacts and changes colur when
a pas mixture drawn through it contains & specific component. The length of
discoleoration is related to the concentration of the specific component in the N
X . gas mix~ure and the flow rate and volume taken of the gas mixture. The con- |
centration of the specific gas component is related to the stain length by use
of a calibration scale provided by the manufacturer. The gas sample is drawn
through the tube usinpg the manufacturer's hand pump. A precleanse layer ahead
of the indicating laver is designed to remove interfering gases.
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Since the normal application of coloricctric tubes is for industrial hygiene

purposes, their measurcment range {8 usually restricted to the immediate

region surrounding (mainly above) the 8-hour threshold limit vialue (TLV) for

substances in workrooam alr adopted by the Amcerican Conference of Covernmental

Industrial Hygplenists (reference 11). However, in a ~ombustion pas mixture
the concentration of some toxic components can preatly exceed the TLV. In
these casen it became necessary to extend the oeasurement range by takiog a
reduced sasple volume and assuming an {nverse lincar relationship between
sacple volume and conceatration. For some tubes the validity of this practice

has been substantiated by the manufacturer (e.g., CO, HON); however, for otlwr

tubes (HCl, HF) it was necessary tu assume that the manufacturer's calibration
could be cextrapolated to higher concentratfons (appendix A).

Over the last several years therc has been a major {ncrecase in the accuracy of

detector tubes fostered by a certification program under the jurisdiction of
thi Natlonal Institute for Occupational Safety and Health (XIOSH). An {spor-
tant provision of this progran {s that tube accuracy he within #25 percent
(reference 12). Presently, five of the detector tubes used fn this study

have been approved by NIOSH {n thelr continuing certification program. This
certification is based on the demonstrated measurement accuracy {n a mixture
containing the specific component alone in afr, while the dominant limitation
to the use of detector zubes in a multicomponent combustion gas mixture relates
to the uncertainty associated with the mapnitude of Interference effects.

GAS SAMPLING.

One objective of this study wvas to exanine the concentration histories in the
NBS Smoke Chamber of cach of the 10 sclected toxic pases measured using detector
tubes, The {mpracticality of simultancously measuring 10 different gases by
separately aspirating the specificed sample volume through cach detector tube,
using a hand pump requiring a different sampling time f~r cach tube ranging
anywhere from 3}-4 scconds to several minutes dictated that another approach
was needed. It was decided that bag sumples should be taken periodically

from the chamber and gas analyses performed after the test. This procedure
wag followed for all pases except HCL.and HF because substantial sampling line
Lapg wall losses were found to exist for these reactive pases. As a reault
their measurement was conducted directly inside the chamber. Each detector
tube was placed at che geometric center of the chamber attached to plastic
tubing passing through the ceiling to a hand pump. For these tubes the
indicated gas concentration was representative of the average level over

the sampling time interval, which ranged from 4 to 40 seconds depending on

the concentration.

The remaining gases were ueasured from combustion gas mixtures taken in Sarar®
(vinylidene chloride-vinyl chloride copolymer) plastic sampling bags. These
bags have good chemical resistarce, low permeability, and have reasonable cost.
Bafore entering the Saran bags, the combustion gas sample first passed through
an 18-inch glass probe within the chamber followeu by approximately 6 feet of
polypropylene tubing between the chamber and bags. The size of the Saran bags
was 12 liters to allow for an adequate combustion gas mixture to enable all
gases to be measured with maximum detector tube sensitivity (largest sample
volume).

5
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A vacuum box arrangement was designed to transport the combustion gas mixture
from the chamber {nto the Saran baps. Efght bags conneccted to sepevate valve
outlets were placed in the 3/4-by-2-1/3-hy-4-fout plywood box. By maintaining
the box at a vacuum pressure of 8 inches of mercury (ir.lig), it was possible to
take a 10-liter (less than 12 liters to keep the bag from bursting) sample in
10 seconds. The pressure differential between the chamber (atmospheric) and

vacuum hox (-8 {n.lg) propelled the sample fnto the box. Purging and evacuation

of the bags to a "zero” volume before cach test minimized any contamination
trom prior tests or sample dilution. The vacuum box arrangement appears more
efficfent and less troublesome than a vacuum pump.

EST MATERIALS.

All test materials are used in the three types of wide-hodied jets and vere
received from afrframe and scat manufacturers. These materials are described
in table B-1 of appendix B, showing chemical composition (for composites,
description begins with frontface and ends with backface), thickness, unit
weipht, designation, and cabin use. Descriptive information on makeup and
chemical composition of these materials is as provided by the suppliers.
Flammability tetts were conducted to verify compliance with current FAA regu-
lations (reference 1). All materfals were found to meet the flammabilicy
acceptability criteria and thus were "self-extinpuishing” in a vertical orien-
tation. The window pane (No. 109) and panel adhesive laminate (No. 39) are
not required to be "self-extinguishing.” The 75 materials tested were divided
fnto the following usape dasignatione:

Panels 1
Panel Components
Foams

Fabrics 1
Coated Fabrics
Flooring
Thermoplastics

Cargo Liners
Trausparencies
Insulations
Elastomers

NSV BADN0 DO W

These were selected from the approximately 150 materials obtained primailly to
provide a cross seccion of physical and chemical characteristics for the
materials in the more important usage categories (panels, foams, fabrics, and
thermoplastics).
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TEST RESULTS AND ANALYSES

CHARACTERISTICS OF TEST APPARATUS AND MEASUREMENT TECHNIQUES.

hefore embarking on the analysis of the 75 cabin materials, a series of
10-minute tests were conducted to define the effects or characteristics of
certain operating conditfons and derfve the most appropriate test procedures.

NBS SMOKE DENSITY CHAMBER. For verv thin or lightweight materials tested in
the NBS Smoke Chamber, when analyzing the combustion gas data one should
subtract the background levels caused by the propanc/air burner. The ceffect
of hurner gases wax pencrally found to be relatively low. Measurements of
CO and NOy were taken at the geometric center of the chamber under the flgm-
fng exposure condition (radiant heat and propanc/air burner) using a LIRA
infrared analyzer and detector tubes, respectively. The concentrations of
both gases increased in a fairly linear minner. The cate of increase of

CO and NOx was 3 and 0.2 parts per million (ppm) per minute, respectively.

A sample taken from the chamber must contain a representative (average)

mixture of combustion gases. The effect of sampling probe location during
material fire tests was dectermined for CO and HCl, which were considered as
typical nonreactive and highly resctive pases, respectively. The LIRA analyzer
wvas used to measure the concentration history of CO along the vertical ceanter
symmetry line and at the corners of three horizontal planes during flaming
combustion tests of filter paper. The vertical CO profile at selected times
are plotted in figure 2. Across a central region extending from 12 to 30 inches
above the floor the concentration was fairly uniform. At the geometric center
of the chamber the concentration was also very close to the average value cal-
culated from the seven vertical measurements. The CG concentration in a
horizontal plane exhibited a similar invarfability, e.g., the coefficient of
variation between the four corners and geometric center was less than 5 percent
after 3-4 minutes in planes 6 and 18 inches below the ceiling.

Scratification of HCl at the vertical symmetry line was measured during the
smoldering combustion of 98 percent polyvinyl chloride (PVC) by simultaneously
sampling from three elevations into fritted bubblers. The total quantity of
chloride fon collected at each elevation over the 10-minute test was measured
using fon selective-clectrodes. Table 1 contains this data expressed in

terms of weight of chloride per liter of sample volume for three replicate
tests. Compared to CO which was found to be fairly uniformly distributed,

the stratification of HCl was substantial.

On a time-averaged basis, the concentration of HCl decreased from the ceiling
to the floor during two of the three tests; an approximately uniform concen-
tration was evidenced for the remaining test (NO. 1). For all three tests,
the concentration at the geometric center (18 inches) was slightly less than,
but within 10 percent of, the average concentration. The distribution
measurements of CO and HCl demonstrated that a representative (average) gas

o e ot e e e e e




concentration existed at the geometric cenrer of the chambar: consequently,
all subsequent gas sampling was conducted at this location. Utilization of
a fan to more uniformly distribute the pases was ruled out when test results
pathered eclsewhere demonstrated chat this procedure would decrease the yield
of some gascs, apparently because of wall adsorption effects (reference 13).

TABLE 1. STRATIFICATION OF HYDROGEN CHLORIDE DURING SMOLDERING COMBUSTION
OF POLYVINYL CHlLORIDE

JECE RSN, X TPS

Quantity of HCl Collected (micrograts/liter) at Different Probe Depths
Below Celling
Test 6 Inches 18 Inches 30 Inches
1 3,160 2,750 3,360
2 4,150 3,360 2,710
3 1,330 1,100 935

Under the nominal NBS Chamber smoldering test conditfon, HC1l wall adsorption
losses were found to be insignificant in NAFEC testing of PVC. One-square-
foot pieces of Teflon film were placed on the wall behind the heat source

and on the opposite wall. After the test the Teflon films were soaked in
distilled water and the solution analyzed for adsorbed chloride using ion
selective electrodes. Wall losses measured in this manner at the above loca-~
tions only accounted for 0.9 and 1.1 percent of the total chloride measured,
respectively,

The recovery of HCl was examined for o possible effect from the cumulative
conditioning of chamber walls from prfor testing. Six replicate tests of PVC
were conducted under smoldering exposure conditfions. lon selective electrodes
were again used to measure chloride collected in 10 consecutive l-minute fritted
impinger samples and also in a filter assembly. A clean chamber wall was used
for the first test but the wall was not cleaned for the five subsequent tests.
Table 2 contains the total chloride (10 impingers plus filter assembly) and

peak chioride (largest impinger level) values obtained.

Although tests 2 and 5 did exhibit large increases in the yield of HCl, no
progressive change in HCl recovery was detected within the accuracy of the
measurcment technique. On this basis, wall conditioning was not considered

to be a dominant effect; therefore, no periodic schedule or special precautions
for cleaning the chamber were taken.
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TABLE 2.  RECOVERY OF HYDROGEN CHLORIDE (H(1) DURING REPLICATE TESTING OF
POLYVINYL. CHLORIDE (PVC) UNDER SMOLDERING EXPOSURE CONDITIONS

Test

Total Chioride
(afcrograms)

__(.ollected 7,920 11,800 6,790 6,960 15,500 6,980

Peak Chamber
toncentration (ppm) 1,270 1,160 1,290 1,710 4,690 1,180

The reproducibility of gas measurements taken from the geometric ceater of

the NBS Chamber was found to be dependent upon the test material, combustion
gas measured, and methodology for gas sampling and analysis., The data contained
fn table 2 illustrates a case when both combustion gpas and sampling methodology
affect the reproducibility. From the six replicate tests, the coefficient of
varfation for total chloride and peak concentraticn was 38 and 74 percent,
respectively. By virtue of {ts highly reactive nature, the mecasurements of

HC1 {n the combustion mixture of materials tested in the chamber usually
exhibited poor reproducibflity. Significant and highly variable HC1l losses
were also detected in the filter assembly designed to prevent the fritted
impingers from clogping: thus the factor of 2 difference in measurement
reproducibility between peak and tocal chloride.

In contrast, the level of a nonreactive gas like CO produced by some materfals
tested in the NBS Chamber is very reproducible. To fllustrate this fact

9 replicate 10-minute tests were conducted on filter paper under flaming
exposure conditions. This material was observed to burn slowly and uniformly
without any melting or dripping, and as a result, the levels of smoke and CO
(LIRA analyzer, geometric center) continued to increase throughout the test.
The smoke and CO concentrations measured at 10 minutes for cach test and their
coefficient of variation is tabulated in table 3. The reproducibility of both
measurcments was good and slightly better for CO than smoke.

Urethane foam i{s an example of a material that had a tendency to burn differ-
ently in the NBS Chamber from one test to another. Under flaming exposure
test conditions, most of the material was consumed during the first minute

of the test with a flaming intensity and duration that varied between tests;
thereafter, combustion was confined primarily to the sample holder trough
where the melted drippings were accumulated (until overflow), and ignited by !
two propane/air flamelets. Table 4 contains peak smoke, CO (LIRA® analyser) )
and HCN (detector tubes) data from four replicate tests of urethane foam under .
flaming exposure conditions. )
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TABLE 3. REPEATABILITY OF SMOKE AND CARBON MONOXIDE MEASUREMENTS AT 10 MINUTES
DURING THE FLAMING COMBUSTION OF FILTER PAPER

Test Cocfficient
of Variation
1 2 3 4 5 6 ? 8 9 (Percent)

Specific Optical
Density (Dg) 64 | 68| 60| 60| 65| 74| 60| 70| 58 8.44

Carbon Monoxide
Concentration (ppm) (230 1245 | 248 | 252 | 259 | 273 | 282 | 267 | 267 6.21

TABLE 4. REPEATABILITY OF PEAK SMOKE, CARBON MONOXIDE AND HYDROGEN CYANIDE
MEASUREMENTS DURING THE FLAMING COMBUSTION OF URETHAME FOAM

Test Cocfficient
of Variation
1 2 3 4 (Percent)

Specific Optical
Density (D,) 328 310 323 268 8.87

Carbon Monoxide
Concentration (ppm) 382 2N 258 479 29.3

Hydrogen Cyanide
Concentration (ppm) 25 25 22 35 21.2

The variability between tests was significantly greater for CO and HCN than
smoke. Generally, higher CO and HCN levels wer¢ measured during tests in
which the material experienced int=nse and/or e<tended flaming, and both gases
increased in tandem. The greater precision of the LIRA analyzer compared to
the detector tubes was reflected by the greater variability of CO measurements
compared to HCN. Obviously, the smokiness of urethane is far less dependent
on the combustion characteristics than is the production of CO or HCN; however,

very intense and sustained flaming will reduce the overall smoke level (e.g.,
test 4).

COLORIMETRIC DETECTOR TUBES. A small number of tests were conducted to deter- i
mine the effect of several factors on the accuracy of the detector tubes. The k

combustion gas mixture of a urethane foam was analyzed. The results are sum- !
marized below:

1. The subjective reading of stain length (concentration) on a used detector i
tube by two people, independently, was found to be in good agreement (coeffi- .
cient of variation between 5 and 10 percent at the most sensitive measurement
range, i.e., largest sample volume).

11
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2. This apreement worsens, but not significantlv, at the high-scale meas-
uresent range because of the loss {n distiactiveness of the reduced stafn

leagth. The apreement between two readers can decrease to about 10 to 20 percent
and depends on the length of the indicating laver and possibly the ratio of
sample volume between low- and hipgh~scale operation.

1. Speclies concentration measurements using detector tubes from different
batches are in pood aprecment (cocffictent of varfatfon less than 10 percent),
1t shouid be noted that quality control provisions are contained {r the NIOSH
certification progran (reference 12),

SOIPLING SYSTEM.  The magnitude of pas adsorption wall losses in the sampling
bap and line was deteinined by comparing detector tube measurcements directly
from the chamber and from Saran bap sampples taken at the same point in time
during the test of a material. This comparfson was mide for the following

pases ocasured and miteriali tested: €O from paper: HCN, Yoy, and aldehydes

(as formaldehyde) from urethance foam: HC1 from PVC: S0y trom polysulfone: and

HFE from a polyvinyl luoride (PVF)-coated panel. Within the measurement (+ 25
percent)accuracy of the detector tubes, there was no consistent difference fn
fndicated gas concentration taken directly from the chamber and from bapg samples
for all gases except HCL and HF.  For the latter pases wall losses were excessive,
ranging as high as 90 percent or better for HCY to 100 percent in half of

the HF compirative measurements., For this reason HCl and HF measurements

were taken with detector tubes inside the chamber, suspended from sampling
lines.

il SR U KV ks L 1 A 0 N SR L3008 A ML LA o 8D RAAM N Sttt s

A cursory evaluation was mide of the time-decay of gas concentration in a Saran
bag. CO and HCN detector tube measurements were taken periodically of a urethane 1
foam combustion gas mixture. The indicated pas concentration did not chanpe :
throughout the 90-minute period analvzed using either new or used sampling baps. I

It should be noted that cach 10-1liter bag sample diluted the combustion mix-
ture in the chamber by about 2 percent. Whether or not this is an additive
effect after eight bag samples depends on the concentration history of the gas.
For example, in the hypothetical situation of a gas attaining a constant con-
centration before the first bag sample, the maximum dilution factor would be
slightly less than 16 percent after the eighth bag sample. On the other hand,
if the gas concentration should fncrease linearly, the dilution factor after

che eighth bag sample would be only slightly greater than 2 percent. The
dilution effect of bag sampling was examined by making smoke and CO (LIRA
analyzer) measurements during flaming combustion of filter paper both with and
without bag sampling. By keeping a rvaning account of the reduced concentration
from each bag, it was possible to predict reasonably well the diluted smoke and
CO level throughout the test. Since this effect is usually small, especially o
compared to the detector tube accuracy (+25 percent), the measured concentration ;
of smoke and toxic combustion gases for the cabin materials is not corrected

for sampling bag dilution.

12
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FIGURE 3. PEAK SMOKE AND TOXIC GAS CONCENTRATIONS FOR MATERIALS UNDER
FLAMING EXPOSURE FOR A 7-MINUTE TEST (SHEET 1 of 2)
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FIGURE 3.

PEAK SMOKE AND TOXIC GAS CONCENTRATIONS FOR MATERIALS UNDER

FLAMING EXPOSURE FOR A 7-MINUTE TEST (Sheet 2 of 2)
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SEVENTY-FIVE WIDE-BODIED CABIN MATERIALS.

The 75 wide-bodied cabin materials described in tible B-1 were tested in the
NBS Smoke Chamber under the condition of flaning cxposure. Only one 7-minute
test was conducted per material, Seven bap samples were taken at l-minute
intervals after the begpinning of the test. Colorimetric detector tubes were
used to analyze the bag samples for CO, HCN, NO,, HoS, $O2, KHj, TDI (ure-
thane foams only), and aldehydes (as formaldehyde). HF and HCl measurcsents
were made at l-aminute Intervals, starting at 1/2 minute into the test, using
detector tuben suspended inside the chamber. For both direct and bag oca-
surement methods, {f =more than one detector tube was available for a particu-
lar gas the most sensitive tube wax always rried first except when it wcs
likely, from knowing the composnition of the material, that high gas conceatra-
tions would be present. Anywhere between 1/2 ard 2 hours was required to com-
plete a test and analysis, depending on the number of gases detected and the
sensitivity (sampling volume, or time) requirad of each detector tubé. Clean-
ing of the chamber walls or replacement of the sampling Lags was performed
vhen contamination seemed excessive (about J-4 times Jduring the entire pro-
gram).

Table C-1 (appendix C) summarizes the smoke and toxic pas data. Smoke is
reported in terns of the maximur specific optical density corrected for photo-
meter window deposits after the test (By (corr.)). The toxic gas measurements
are summarized as the peak indicated concentrations with the time of occurrence.
Amzonia (s not listed in the table because this gax was not detected from any
of the materiasls tested.

As an aid toward facilitating analysis and comparison of test results for
different materials, the data contained in table C-l1 vas prepared into a histo-
gram in figure 3. Materials have been arranged according to usage designations,
and within each of these groups, usually by increasing weight (e.g., panels,
foams) or into subgroups with similar chemical compositions (e.g., fabrics,
thermoplastics).

When analyzing the data contained in figure 3, one should coneider the relative
toxicity of the different gases. Table 5 contains the dangerous or fatal con-
centrations of these gases from brief exposure, and the concentrations pro-
ducing irritation, obtained from reference 14.

Since this data is the best information at the disposal of that author from
numerous independent studies with different test protocols and objectives,
it should be considered as an approximation.

PANELS. This usage designation refers to the fabricated assemblies used

exclusively in wide-bodied jets to construct sidewalls, overhead stowage bins,

ceilings, partitions, ets. Because of the large surface area covered by these
materials ond the critical overhead location of some (e.g., ceiling panels,
overhead stowage bins), interior paneling can comprise a major portion of the
materials involved in a cabin fire. The overall design adopted by the three
manufacturers consists essentially of an aromatic polyamide (aramid) honey-
comb core, fiberglas faces, and a PVF finish. Detailed differences in con-
struction however, had a noticeable effect on the performance characteristics.
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TARLE 5. APPROXIMATE HARMFUL LEVELS OF SELECTED TOXIC COMBUSTION CASES

T T L T T T T

ERa L R S .

l Concentration (ppm)

0 HCR Hel u¥ %0,

v
L
o
wi

dangerous or Fatal
After a Few Minutcex | 8,000% 280+ 1,600 50-200 250 100-250 1,000

lrritation - - 35 32 5C 20 50
-

Threshold Linit
Value (TLV)ae 50 10 3 3 5 5 10

thescrined as lmmediately fatal.
AMaxizun average atmoxpheric concentration for 8-hour daily exposure adopted
by American Conference of Covernmental Industrial Hyplenists (reference 11)

Although the arrangement of the pancls in figure 3 {5 in terms of fncreasing
weight, there {3 no trend between the amount of sxmoke and toxic gases produced
and sanple weight. Carbon monoxide was falrly {nvarfant for the 13 pancls
tested, ranging from 450 to 600 ppm for all but 3 paneis.

Upon examination of the gas concentrations shown in figure 3, WF and HCl appear
as zhe dominant toxic specier. However, the large indicated #Cl concentrations
fron panels described as not containfng PVC (f.e., Nos. ), 37, 12, and 43)
appear to be primarily the result of a false indicatfon (by the HC1l detector
tubes) caused by large concentrations of HF. This {nterference effect is
decidedly more pronounced for the type B HCl detector tube than the type A

(sce appendix A for tube descriptions) as {s demonstrated below. Recopnizing
that HCl concentrations less than 100 ppn were measured with the type A tube
and considering that these tube measurements were taken on panels 14, 20, and
144, cach of which do rot contain PVC in their makeup, it appears that the

type A tube will fndicate about 1/2 of the HF concentration. Conversely, the
only PVF-coated panel not containing PVC that did not saturate the HF detector
tube was panel 43. During the analyslis of this material, the type B detector
tube, which is sensitive to any strong acid gas, indicated double the HF con-
centration. Thus, the types A and B HCI detector tubes appear to f{ndicate
approximatel, half and twice the HF concentration, respectively.

Despite the difficulty in reading the HF detector tube (appendix A), the
indicated concenrtration of this gas was clearly highest for panels coated with
the thicker PVF film finishes. Panels 14, 20, and 144 had a 3-mil-thick PYF
finish and generated 90-100 ppm of HF. The remaining PVF-coated panels have
finishes of 6 or 10 mils and in turn generated higher concentrations of HF,
usually in excess of 150 ppm (tube saturation). The concentration of HF
measured for the former panels (14, 20, and 144) corresponded appr~ximately

to only 25 percent of the HF con:ent in the PVF film, i)lustrating the
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A reactive nature of this gas and the need for cvaluating fts transportability in
1 a real firc situation in order to properly ansess its potential danger.

Panel smokinexx was related to the construction of the frontface (materials,
adhes{ven, resinx), rather than the core which comprises the geometric bulk of
the materfal. The panels finished with 3-mils of PVF (14, 20, and 144) were,
besides producing low levels of HF, also relatively low smokers. For these
panel constructions, it has been reported that 90 percent of the smole Ix
produced by the epoxy (reference 15). The remaining PVF-coated panels had
thicker layers of PVF and gpencrally produced sore smoke, except for panel 12.
Despite the thicker PVF coating for this panel, the maxfmuz smoke level wax
relatively low (D (corr)w86). For this rceason and the above results for
panels 14, 20, and 144, it scems unlikely thast the PVF alone from any of the
panels contributed significantly to the overall smoke level. Rather, the
=mans of adhering the frontface to the core or possibly other laminating
saterials not provided in the material description prohably were the major
smoke generators. Note that removal of the front facing {rom panel 1 (sce
panel 2) reduced the smoke level by almost 50 percent. High smoke levels were
also experienced by the PVC (6/) and wool (50) covercd panels.

e v -

The variation with time of the smoke and indicate toxic gas emissions (except

for HCl which was primarily from HF interferences) by panel 144 i{s presented

fn figure 4. MNydrogen fluoride gas produced by the PVF finish experienced

by far che moint rapid generaticn rate. This pas decayed to 1/: of its peak con-
centration at the end of the test. In contrast, as {s experienced generally

by all materfals tested {n the NBS Smoke Chamber, CO increascd in an approximately
linear fashion over the entire test duratfon. The concentrations of HCN, NOx

and aldehydes were much lower than either HF or CO and only increased gradually
over the length of the test. .Slthough the smoke level was increcasing slightly

at the end of the test, over 50 percent was produced fn the first minute.

. . S— s

PANEL COMPONENTS. A number of panel components were tested to pain a better
understanding of the relative contribution of each part to the performance of
the final fabricated product. Components are usually not fire tested, since
FAA regulations requir~ that the finished product and not tie individual com-
ponents meet certain performance criteria.

The individual components of panel 37 were tested and the smoke and toxic gas .
levels for these components are compared to the fabricated panel in table 6. /

Except for HF and HCl, the summation of the smoke and remaining gas measure-
ments from the components exceeded the values for the assembly. Panel com-
ponents, often substructure elements in the assembly, usually burn more effec-
tively when subjected directly to the heat source and produce higher smoke

and toxic gas levels. An exception is the acoustic skin (froncface) that,
when unconstrained, peels away from the heat source before combustion is com—
pieted. When this material is instead adhered to a sublayer, it remains in
place and burns more effectively. Thus, although the testing of components
can be useful for indicatings the source ot toxic gases or smoke, the contzi-
bution of each in the finished assembly can only be correctly measured by test-
ing the entire assembly.
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TABLE 6. COMPARISON OF SMOKE AND TOXIC GASES FROM PANEL. COMPONENTS AND
FABRICATED PANEL 37

Weight (gram) « | Peak Toxic Gas Concentration (ppm)
Smoke
No.| Description Inteial | Loss (D, (corr)} CO HC! | uCN HF NOy
38 | Backface 3.64 0.17 0 150 0 0 0 1.5
39 | Adhesive .47 0.88 L} 300 2.5]1 5 0 12
40 | Core 2.13 0.48 5 270 0 8 0 5
41 | Screen 2.98 0.40 61 140 0 0 0 2
“¢ | Frontface 2.61 1.15 115 230 {170 2 110 4
Summation 14.25 3.08 242 1,090 {173 15 110 25
37 | Assembly 14.90 2.34 200 500 | 500 10 |>150 7

Mditional useful information shown in fizure 3 was obtained from the remain-
ing panel components tested. For example, testing ) mils of PVF (18) stapled
to an asbestos block to prevent peeling produced zero smoke, vhereas the
PVF/oramid-epoxy laminated frontface (15) generated approximately 40 percent
of the smoke level produced by the assembly (14), demonstrating the smokiness
of the frontface sublayer. Panel components 6 and 6A were designed for usage
on ceilings and upper window reveals and partitions, closets, and lower vwin-
dow reveals, respectively. The latter usage areas require a more rugged, wear-
resistant surface finish than the former. As such panel component 6 was
covered with 6 mils of PVF, whereas panel component 6A contained a 12-mil PVF/
PVC cuvering overlayed with 3 mils of transparent PVC. The data reflected the
quantities of finish materials: panel component 6A surpassed component 6 in
smoke and HCl by a factor of 4 and HF and CO by a factor of 2. The overriding

importance of surface materials and need ‘.r optimization is apparent from the
preceding discussion.

FOAMS. The analysis of combustion mixtures, using detector tubes, appears to
be a simple method of identifying from a group of materials having similar
chemical composition any material emitting especially high toxic gas concen-
trations. A comparison of data for urethane foams in figure 3 {llustrates
this application of detector tube data. It seems obvious that exceedingly
high levels of smoke, CO, HCl and SO were generated by foam 143C. This
particular foam was also the only urethane that emitted sulfur compounds, and
the level of SO2 measured was only exceeded by the wool carpets of all the
materials analyzed.
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Except for materials 104 and 143C, the concentration of NOx exceeded HCN in

the combustion mixtures of urcthane foams. As was also ohserved for other
materfal catepories, the relative proportion of N0y to HCX increases with the
degree of flaming of the smaterial. Materials 104 and 143C produced moderate

or small {lames when tested, as compared to hiph f(lames rising 3-4 inches

above the top of the specimen holder observed for the remaining urethanes: thus,
the level of HCN was higher than NOy for the former two materials.

It §s Jdifficult to interpret the validity of the shove simple colorimetric
tube measurcments of HCN on the basis of a comparison with HCN dat~ on
urcthane combustion mixtures found in scientific litcrature. Besides the
obvious dependency on analytical methodology or molecular structure, the com-
busion and test conditions also control the production of HCN. The calculated
yield of HON (appendix D) from the urethane foams variad from 1.2 to 3.0 milli-
grams per gram (mg/g) of sample. Thix level in at lcast a factor of 2 lower
than values rcported elscwhere; however, the discrepency may be explained in
terms of differences in combustion conditions. For example, combustion tube
testing of materials 79 and 104 (reference 16) produced approximately twice
the HCN ylelds than measured above, possibly because the carrier afrstream
sweeps the combustion mixture out of the high-temperature zone and in this
manner restricts oxidative reactions. Similarly, the HCN @elds produced hy
flexible urethane foams reported in references 9 and 17 were higher than the
above colorimetric tube measurcments, possibly because the former tests were
conducted at heating rates and oxygen levels different from those used in the
NBS Chamber. Thus, the validity of the colorimetric tube measurements for

all gases can only be clearly establfshed when the same materials are retested
fn the NBS chamber using specific analytical techniques.

With the exception of foam 143C, CO levels produced by the urethanes were
lowar than most other materfal categories (see figure 3).

Of all the toxic gases detected with colorimetric tubes during the combustion
of urethanes, the greatest uncertainty surrounds the measurement of HCl. The
peak HCl concentration produced by foam 143C corresponds to 9.5 percent by
weight of the material. Although this level of chlorine within the material
is below the "average requirement” of 18-20 percent to render polyurethane
foams "self-extinguishing" (reference 18), oue supplier suggests that

10-20 percent of their flame rotardant containing 49 percent chlorine is
needed. Therefore, it seems likely that HCl wae released by the flame retar-
dant used in foam 143C. For the remaining urethanes tested, the peak HCl con-
centrations correspond to between 0.25 percent (foam 104) to 1.8 percent

(foam 143a) chlorine within the material. It i{s possible that the materials
with a calculated chlorine content of 1-2 percent also contained antimomy
trioxide, which reduces the level of chlorine needed to render urethanes self-
extinguishing by about a factor of 5 (reference 18), as a fire retardant. If
the HCl detector tube also indicates the presence of HBr, which is likely, at
a reduced sensirivity, this effect in conjunction with the greater effective-
ness of bromine as a fire retardant in urethanes (reference 19) may also
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explain the low “chlorine" content in the material. Otherwise, the only

other likely source of low HCl concentration is in the Llowing apent (e.p.,
trichlorofluoromethane) remaining entrapped in the foam. Because HCl (or HRr)
produces irritation at low concentrations (table 5), the use of nonhalogenated
fire retardants that remain in the char structure during combust {ion or that do
not increase the toxicity of the foam when burned beyond that of untreated
urethane scems desirable.

Low concentrations of TD! were measured in the combustion emissions from six
of the seven urethanes tested (table C-1). TNt s a significant frricant
described as causing "hecavy {rritation of cyes, nose, and throat" at a con-
centration of 0.5 ppm (reference 14). Therefore, notwithstanding the low
measured concentrations of TDI, the {rritating e¢ffect from this gas produced
during the combustion of foams 73 and 143a would be roughly comparable to that

present from HCl. For the remaining urethanes, HCl would he the major irritant
Ras.

The maximum smoke level gpenerated by the urethane foams tended to increase
with sample density, although this trend was not exactly followed by all
materials (figure 3). More {mportantly, except for foam 73, the rate of
smoke production was higher for the denser materials. Thus, from a smoke-
hazard standpoint, the utilization, where possible, of low-density urethane
seat cushions would be beneficial. In this same regard, since the three
polyester-type urethanes generated the highest amoke levels of the seven
urethanes evaluated, utilization of polyether-type urethanes also seems to
offer a fire safety benefit.

The remaining two foams tested, 86 and 102, were described by the supplier

as PVC and polyethylene, and find common usage in aircraft cabins as flota-
tion cushions. An assay of the chlorine content of foam 86 indicated a level
of 15 percent, revealing that this material described as a “PVC foam" in
reality consisted of only about 26 percent PVC. When tested, in addition

to the expected high concentrations of HCl, this material also produced rela-
tively high smoke and CO levels, and most surprisingly, concentrations of

HCN and NO, exceeding the levels generated by most of the urethane foams. In
contrast, the polyethylene foam experienced the smallest weight loss and
emitted the lowest smoke and CO levels of all the foams that were tested.
Moreover, the only additional gases detected were low concentrations of alde-
hydes, which were probably acetaldehyde (reference 9), one of the least toxic
of the aldehyde gases (TLV=100 ppm). Thus, components constructed of polyeth-
ylene when compared to “PVC," seem to offer the benefit of significantly
reduced smoke and toxic gas emissions in the event of a cabin fire.

Smoke and toxic gas emissions from a urethane foam (143a) are plotted in
figure 5 as a function of time. Flaming of this material was observed to
cease at about 1 minute, and judging from the first smoke plateau ending at
this time, the material probably ignited at about 0.5 minutes. During this
1/2-minute interval of flaming combustion, the total production of NO, and
possibly HCON occurred (the subsequent peaks and dips in HCN likely reflect
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the difficulty in accurately reading the HCN detector tube). The shape of
the HCl and smoke curves were fairly similar, indicating the insensitfvity of
HCl production to the combustion characteristics. Typically, CO increased in
an approximately linear fashion over the test duration.

TS
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FABRICS. The fabrics chosen for testing included representative samples from
cach of the various generic descriptions provided by the suppliers. In spite
of this wide variety of chemical compositions, smoke production from the
fabrics was generally relatively low, probably because of the lightweight
construction of these materials. Aldehyde production was also found to be
fairly low from this usage designation, ranging from a maximum concentration
of 5 ppm for rayon and a cotton/rayon blend to a zero detectable level for
the wools, nylons, and aramids.

The peak HCN concentration measured from the flame-retardant treated (FR) wool
fabric 88 corresponded to an HCN yield of 6.5 mg/g. Thi: HCN yield was
approximately a factor of 2 or more lower than reported in the literature for
flaming combustion testing of wcol (a similar difference was found for urethane
foam--see previous discussion). For example, Sumi and Tsuchiya measured

18 mg/g of HCN from the heaviest sample of wool tested in a S-liter combustion
flask (reference 20). Also, Gordon, et al., burned FR wool samples with a
traversing hydrogen flame and measurcd an averapge HCN yield of 16 mg/p
(reference 17). Again, the above comparisons should not be strictly taken to
indicate the inaccuracy of the HCN detector tube since the test conditions
differed from the NBS Chamber.

Comparing the wool-containing fabrics with the urethane foams in figure 3
reveals that usually the wools produced higher HCN but lower NOx levels than
the urethanes. Except for wool fabric 82 which produced the highest level of
NOx for the wool-containing fabrics, these fabrics generally flamed very little
and this absence of sustained or intense flaming is undoubtedly responsible

for the low NOy concentrations. Conversely, when wool carpets were tested
(detafled description later), the increased combustibility related to the
separated and looped nature of the woven pile caused these materials to
produce "high flames" over a signiffcant duration of the test and the result-
ing production of NO; was very high (60-110 ppm).

The presence of significant quantities of H2S and SO) was indicated in the
combustion mixtures of the wool fabrics. However, S02 concentrations in
excess of 20 ppm were measured with tne high-range detector tube which, as
pointed out in appendix A, 2lso indicates the presence of H3S with equal
sensitivity. After subtracting this interference effect from the high 50,
readings, the concentrations of H2S will be higher than 507 by as much as a
X factor of 2, Except for fabric 142, H7S was more abundant than HCN in the
;1 ’ combustion mixture of the wool-containing fabrics.

4 . As might be expected, the toxic gas concentrations from the wool (90 percent)/
G nylon (10 percent) blended fabrics 70 and 142 were fairly close to the levels
measured from the wool fabric 88. However, the smoke level generated by these
blended fabrics was about double that produced by the wool, despite the fact
that the blends were much lighter.
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Thermal degradation of a pure PVC polymer can be expected to produce a

quant {tative yleld of HCI (i.e., 584 mg/g). This weipht of HCl distributed
uniformly within the 510-liter volume of the NBS chamber at 95° F corresponds
to 795 ppm of HCI for | pram of purc PVC. The peak estimated HCl concentration
renerated by the fabric 81 described as PVC corresnonded to 120 pereent of

the theoretical vield of pure PVC, indicating that the major constituent of
this fabric was {ndeed PVC as reported. The small concentrations of S02 and
H)S in the combustion mixture of this material originated most likely from

the "sulfur-containing antioxidants and/or polymerization inftiators

{reference 7)." 3

O | By e Pagtrg
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't was supgented carlier by analysis of the wool/nylon fabrics that blending
naterials may increase the smoke production without noticeably altering the “

toxfc pas emissfons expected individually from the constituents.  Although

this scems to be a contradiction, with regard to the enissfon of smoke the

two wol/PVC blended fabrics 82 and 96 did produce signi.icantly higher levels
than either the “pure” wool fabric 88 or PVC fabric 8], and this again was
despite the fact that the blends were substantially lighter. 1In order to
asscess whether toxic gax measurcments using detecte, tubes can correctly rank
materials of known composition, it was assumed that the production of HCN and
HCl was proportional to the amounts of wool and PVC, respectively, in the
blended fabrics. Figure 6 compares the calculated HCN and HC] vieids (appendix
D) from the wool and/or PVC fabrics with the theoretical values. Aside from
the high estimated HCl concentration for the PVC fabric (81), the apreement
between measured and theoretical yleld for HCN and HCl was remarkably pood. '
1t is for the evaluation of similar materials, as demonstrated above, that
the use of detector tubes to analyze combustion gas mixtures seems to find
fts most useful application.

The most abundant toxic gas measured in the combustion mixture of the FR rayon
(95) and cotton/rayon (130) fabrics was CO, which for the latter material was
anywhere between a factor of 3 to 8 higher than the level measured from the
remaining fabrics.

The drapery composed of wmodacrylic--by definition a copolymer of acrylonitrile
(35-85 percent) and vinyl chloride or vinylidene chloride--produced the highest
concentration of HCN (125 ppm) mcasured from any of the 75 materials tested.
Additionally, the presence of high HC1l concentrations in the modacrylic com-
bustion mixture would appear to make this a relatively toxic material.

The aramid fabrics 78 and 92 generated less smoke (except for the cotton tick-
ing) and CO than any of the remaining fabrics evaluated. The unexpected indi-
cation of SO2 for both materials and HCl for material 78 needs to be verified.
It is believed that the low measured concentrations of HCN (0.73 and 1.1 mg/g),
compared to the values measured elsewhere under conditions of flaming combus-
tion (references 8 and 17), was a consequence of the relatively good thermal
stability of the material, protracting the degradation to the extent that it
was incomplete by the end of the 8-minute test.
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Fipure 7 shows the varfation with time of the smoke and toxic pas emissfons
from the wool fabric 88. Since wool fabrics do not burn readily, the accu-
mulat fon of smoke and gases within the XBS chamber was gradual, althouph an
carly, rapid buildup of amoke was cvident when the material f{lamed briefly,
The behavior of wool may be contrasted with urcthane foam (fipure S), which
deprades quite rapidly. Between these materials the production of HOXN and
80y, show the mout dramatic differences. These gases were produced primarily
during the firxt minute of the test for the urethane foam, whercas for the
wool fabric, the concentrations of both were still increasing at 7 minutes.

CUATED FABRICS. The coated fabrics evaluated consisted of one relativelv light
woterfal used as a seat bottom diaphragm (97) and threce heavier arm rest covers
ot about equal weight. The major combustion products generated by thesce materials
woere smoke, CO and HCl, although minor concentratfons of HCN and NOx were also
detected (figure 3). Apparently, becausce of the plasticized PVC coating, the
coated fabrics were found to consistently produce more smo.c than the uncoated
fabrics. CO production by the heavier coated fabrics was also greater than
from the uncoated fabrics, except for the cotton/rayon blend (130). Since the
peak HC1 concentration measured for the lightest coated fabric was more than a
factor of 10 lower than the values indicated iVor the heavier materfals, the PVC
coating on the former probably constituted a smaller portion of the total
material weight than on the latter. Tafloring the PVC coating when possible
would, by reducing the potential emissfons of HCl, {mprove the performance of
the coated fabrics from a safety viewpoint in the event of a fire.

FLOORING. Smoke levels were generally high for this usage designation com-
poscd of somz of the heaviest materials tested. The most noteworthy character-
fstic of the combustion mixture produced by these materials was the consistent
presence of relatively high concentrations of NO, (except for the aluminum-
covered structure 9). The amount of NOx generation scems related to both the
intensity of flaming, observed for all flooring materials, and the existence

of nitrogen in the material, since the wool floorings produced higher NOx levels
than the floorings covered with nonnitrogen-containing materials (24 and 56).
Further investigations are necded to establish the importance of nitrogen oxides
emitted by materials undergoing flaming combustion and the dependency of these
gpascs on material composition.

For the wool-covered floorings, the concentration of NOy was higher than HCN,
vhile just the opposite was found for the fabrics containing wool. The inter-
relationship between HCN and NOy and apparent dependency on combustion tem-
perature is another finding that needs further resoiutfon. An analogous
interplay seemed to hold for H2S and SO2; i.e., the concentration of H?$ was
higher than S02 for the wool fabrics, while the converse was true for the
carpets. It is interesting to note that H2S was only detected from the wool
carpet that was attached to an aluminum substrate (52), where the alumi-

num acting as a heat sink might have reduced the degradation temperat:re

below that experienced by the other wool carpets (33 and 34).
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The large concentratfons of HCl detected from the wool carpets, although
appearing to be unrealistically high, are primarily combust{on productn from

the treatsd sublaver materfals., Figure 8 {n a plot of the smoke and toxic

ras concentrations measurced frea a wool carpet (34) as a tunction of

time. In contrast to the mure Immediate production of NOg, HCN and expeclally
S03 by the burning wool, the bulldup of HCl followx an apparent lag time hecausce
of the later Involvement of the sublayer materfals. The concentration histories
in fipure 8 muy be comparee to figure 7 for the wool upholstery fabric. The

‘ most striking difference between these plots was that {n the casce of the fabric
;g the smoke and pas concentrations were still ifncreasing at 7 minutes. while for

¢ the much heavier carpet they tended to peak out before this time becaute of the
~are rapid consumptfon rate resulting from flaming combust {on.

sl e oy PLIR g el

; THERMOPLASTICS.  The thermoplastics exhibited the widest range of sxzoke and

' toxic gas levels than any of the other usape desipnations (figure 3). The PVC
2 plastics blended or lamfnated with acrvlonitrite/butadic c¢/styrene (ARS) or
N . acvylic (85, 107, 99, and 100) produced coplous amounts of smoke, CO, HC}
ii and clevated levels of HON, N0y, H2S and S02. High levels of aldehydes

3 (50 ppm) were additionally measured {rom the ABS-containing plasticx. It would
fcen that thetde materfals should be prime candidatex for replacement with
{aproved materials . For example, the performance of the above plastics may be
contrasted with the plain polycarbonates-materials 32 (flexible) and 116 (rigid).
When the polycarbonates were tested, no halogen, nitrogen, or sulfur contain-
fnp pases were detected (this finding was corroborated in reference 9) and the
smoke and CO levels were below those measured for the MVC and/or ABS containing
y plastics. Moreover, the concentration of aldehvdes was zero for material 32
: and only 3 ppm for 116, with the latter indication probably from the presence
of the relatively non-toxic pas acetaldehyde (reference 9). The polycarbonates
therefore appear to be zafer than the PVC and/or ABRS containing plastics from
a2 smoke and toxfcity standpoinat.

Lt Rt

Y

The major combustion products of polyphenylene oxide (117) were also smoke and
CO; however, the levels were greater than measured from polycarbonate.

The high concentrations of aldehydes measured was most likely styrence
(reference 9), which can also be indicated by the formaldehyde detector tube
(appendix A).

a3
— Gtocagy
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o CARGO LINERS. The cargo liners used in commercial aircraft are corstructed
. of reinforced plastic (RP) sheets. Of the 4 cargo liners evaluated containing
4 an epoxy resin, the sheet {mpregnated with asbestos (118a) gencrated the
) lowest smoke and HCi levels. However, the release of asbhestos was not measured,
' nor is the acute toxicity known. It appears as if flame retardancy was
| imparted to the RP sheets by either coating with PVF (25), asbestos impregna-
{

tion (118a) or use of a halogen-containing treatment (26, 60, and 10). The
materials incorporating the latter flame retardant approach generated approxi-
mately a factor of 10 higher concentration of aldehyde gases than the former
two materials.

POVE D

TRANSPARENCIES. The transparencies evaluated consisted of two inner window
panes (109 and 111) and an outer pane (108), which was approximately five
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times heavier. The acrvlic laner pane produced more CO (2,006 ppm) than any
of the other 7% materials tested. Morcover, the acrylic {aner pane produced ;
twice as much smoke an did the polycarbonate. and zipnificant quantitices of :

S R

hCl and aldehyden (theue pascs were not detected from polvearbonate depr .da- i
tion). 3
The acrylic outer window pane (108) flamed vigorously for most of the test 3

aad the production of scmoke and CO was very low, constdering that this was

the heaviest material tested. Despite the abzence of nitrogen in thizx polfrer,
the concentration of N0y in the combustion mixture (150 ppm) wax higher than
fron any other material, {ndicating that N0, wasx formed from the fixatjon of
nitrogen {n the atmosphere by the intense flamesx. The only other saterials
that generated NOyx concentrations shove 100 ppm (xliphtly) were the wool
carpets (33 and 34).

INSULATIONS. These materials were the liphtest tested and practically produced
no smoke of toxic pases, except for some low concentrations of CO. Insulations
wr'd Reem to be minor contributors to most forsccable cabin fire scenarios,
although the total welipht of insulation used in an airplanc cabin is preater
than that for poxt otner usage desipnatioas.

EIASTOMERS. Silicone elastomers are likely used in smaller quantities in
alrplance cablins than any of the other usape designations. Thes: materials
burncd xlowly as evidenced by the slow, progressive accumulation of smoke

and 00 within the NBS chamber. 1t {s possible that the major toxic combustion
Ras was formaldehyde, since this detector tube discolored to the specificd
reddish color (appendix A) as compared to usually yellow for the other
materialx, 1

Appendix D contains a comparison of the smoke and toxic pas levels gencrated
during ccmbustion of aviation fuel and several of the c«.bin interfor materials.
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SUNARY OF RESULTS

1. The propane/air burner used in the NBS 3moke Chamber created relatively
low conceatrations of CO and NOy, approximately 3 and 0.2 ppm per minute,
respect ively,

2. A fairly uniform distribution of CO was measured throughout most of the
chamber during flaming combustion tests of filter paper.

3. On the basis of sampi>s taken at three elevations, stratificacion of
#Cl occurred in the chamber during smoldering combustion tests of PVC, and

the concentration at the geometric center was vithin 10 percent of the
average concentration.

4. About 1 percent of the total quantity of HCl measurcd in the chamber
during testing of PVC was detected on Teflon sheets placed on the walls.

5. From six replicate samoldering combustion tests of PVC, the coefficient

of variation of total and peak HC] concentration wvas 38 and 74 percent,
respectively.

6. From nine replicate flaming combustion tests of filter paper, the
roefficlient of variation of specific optical density and CO concentratfon at
10 minutes vas 8.4 and 6.2 percent, respectively.

7. From four replicate flaming combustion tests of urathane foam, the
coefficient of variation of the maximum specific optical density, peak CO
concentration and peak HCN concentration was 8.9, 29 and 21 percent,
respectively,

8. Transferring cosbustion aixtures contaiuing HCl and HF from the NBS
Smoke Chamber into Saran higs resulted {n losses in excess of 90 percent
of these gases in the ajr sample.

9. The most prominent toxic combustion gases measured from interior panels
appear to be HF and HC1l produced by the decomposition of thin film finishes
or sublayers conatructed of PVF or PVC.

10. The level of smoke and toxic gases generated by interior panels was
reiated to the physical and chemical characteristics of the surface materials
and far less dependent on the coure or backface construction.

11. The concentration of CO inside the NBS chamber increased in a fairly

linear manner with time over the entire test duration, for all meterials tested.

12. At the end of 4 test, the gas coucentrations were usually increasing
slightly cc fairly constant, except for the reactive gases HF and HCl, which
attained their maximum level earlier, ani CO (see result No. 1l).
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13. Panel components tested individually behaved differently than when tested
as a part of a complete asscembly.

14, Fire-retardant urethanc scat foams were consumed rapidly by flames and
usually produccd higher levels of NO, than HUN.

15. TD! was detected in the combustion mixture of six of the seven urcthane
foamx tested.

16. The total amoun: and rate of smoke production by urethane foams tended
to increaxe with samole density.

17, The three urethane foams described as polyester types generated higher
smoke levels than the other urethanes texted.

18. Although various peneric compositions were evaluated, the sea! ..oholstery
fabrics (uncoated) penerally produced relatively low lovels of smoke and
aldehydes.

19. The wool fabrics, which burned slowly and with little open flaming,
grencrated higher concentrations of HCX than NOx and H2S than S503.

20. The production of HCN from wool and HCl from PVC used in blended fabrics
woven from these materials was proportional to the constituent weights.

21. A modacrylic drape generated the highest level of HCX (125 ppm) of any
of the materials evaluated.

22. The PVC-coated fabrics produced more smoke than the uncoated fabrics.

23, The production of smoke was usually higher for thermoplastics, flooring,
and coated fabrics than for materials of other usage designations.

24. The wool-covered floorings, which burned with sustained and hiph flames,
generated higher concentrations of NO, than HCN and S0, than H,S.

25. The thermoplastics exhibited the widest range of smoke and toxic gas
lecvels than any of the other usage designations.

26. An acrylic inner window pane pencrated the highest level of CO (2,000 ppm)
of any of the materials tested.

27. An acrylic outer window pane generated the highest level of NOy (150 ppm)
of any of the materials tested.

28. Except for low concentrations of €O, the fiberglas insulations generated
only trace amounts of smoke and toxic gases.

29. On a per unit area basis some burning cabin materials emitted smoke and
CO at a rate comparable to that measured from Jet A fuel.
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CUNCLUSIONS

Based upon the tests performed and an analysis of the results, it is concluded
that:

1. The measurement using commercial detector tubes of combustion gases
produced by burning a cabin material in the NBS Smoke Chamber is a simple,
rapid, and inexpensive method for {dentifying the presence of selected toxic
Rases in the sixture and comparing these gas yields with yields of materials
having similar chemical composition.

2. Detector tubes are nut appropriate as a primary method for quantitative
analysis of combustion products produced by cabin materials naving widely
different chemical compositions, primarily because of the uncertain magnitude
of interference effects on the accuracy of tube veadings, and also, because
of a limited calibration scale or an {ndistinct stain length (indication

of concentration) for many of the tubes.

3. The NES Smoke Chamber does not appear to be a sufficjently repeatable
method of generating acid combustion gases from the many different types of
cadbin materials (reference table 2j.

RECOMMENDATIONS

Based upon the findings of this test program, it is recommended that:

1. Until evidence to the contrary is developed, the use of the NBS Smoke
Chamber tn generate toxic gas emissions and commercial detector tubes to
measure these gases, in combination, be primarily considered as a convenient
method of identifying the presence of sclected gases in the comburtion products
or comparing the relative gas yields of similar cabin materials.

2. Chemical analysis of the combustion mixtures produced by the 75 cabin
materials tested during the present study be conducted using a repeatable
method of generating (~xic combustion gases and specific analytical methods.

3. In coordination with the acvanced analyses recommended above, the com-
bustion toxicity of the same materials be studied using animals.
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APPENDIX A

OPERAT IONAL AND PERFORMANCE CHARACTERISTICS OF
COLORIMETRIC DETECTOR TUBES AND KNOWN INTERFERENCE EFFECTS

The range of the manufacturer's calibration scale (table A-1) for several of
the detector tubes, most notably HCl and HF, did not cover the gas concentra-
tion levels produced in the NBS Smoke Chamber by many of the cabin materials.
For t.ese gases i wvas necessary to sample the smallest volume possible and
assume 2 linear extension of the measurement range. In spite of this prece-
dure, many of the heavier PVC- and PVF-containing materials still saturated
the HCl and HF detector tubes, respectively, precluding any indication of
concentration level other than the saturation value (figure 3).

A detector tube measurement took anywherc between & seconds and about 4 minutes
to make, depending on the sample volume (sensitfvity) and tuoe flow resistance
(table A-1). Because of the possihility of lengthy and different measurement
times, most gas measurements were taken ifrom a bag sample containing a mix-
ture corresponding to a relatively short time interval (10 ss2conds) during a
test.

For sach detector tube used, table A-l contains a description of the indicating
reagents and the known interference effects obtained primarily from reference 5.
Undoubtedly, for many of the detector tubes there are numerous chemical com-
pounds produced in a combustion mixture other than the more familiar gases
previously studied that will induce a reaction with the indicating layer.

From the descriptions provided in table A-1, the HCl detector tubes, being
sensitive to any strong aci{d gas, were perhaps the least specific of the tubes
used. This was demonstrated during the test program by the fslse indication
from HF gas produced by the PVF-coated panels. However, the magnitude of
similar interferences by other strong acid gases on the HCl detector tube will
hopefully be better understood after a reevaluation of some of the materials

in the smoke chamber using specific analytical techniques. It should be noted
that the gas concentrations tabulated in table C-1 (appendix C) correspond to
the maximum length of discoloration of the detector tube, and that the bril-
liance and color of the indication for any given detector tube sometimes changed
for different materials.

Although the HF detector tube is specific, its usefulness i{s resticted to the
limited measurement range and its accuracy is affected by a nonquantitative
indication of HF mist. Moreover, the discoloration was sometimes faint and

it was difficult to judge with any great confidence the length of discolora-
tion. Other sources of inaccuracy were encountered when using the HCN and

C0 detector tubes. The discoloration of the HCN detector tube was speckled

and diffuse, with a large transitionary zone of partial discoloration, creating
some uncertainty regarding the proper selection of the stain length (the
maximum was used). With the CO detector tube, the accuracy of the stain length
reading changed dramatically when first switching from the low measurement
range (10-300 ppm) to the high (100-3,000 ppm). When this scale change became

A-1
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necessary, the length of the drastically shortened stain resulting from the

10 to | reduction in sample volume ix difficult to read accurately. Of course,
as the pas concentrations and resulting stain lengths increased, the readings
became more accurate.

Except from the combustion mixtures of the silicone clastomers, the formal-
dehyde detector tube discolored faint yellow, indicating the presence not of
formaldehyde but instcad of other aldehydes or styrenes. Indead, the purpose
of these measurements was to indicate the prerence of any aldehydes® however,
because of the wide range of toxicity of these gases (e.g., TLV for acrolein
and acetaldchyde equals 0.1 and 100 ppm, respectively) the relative toxic
importance of the unidentified aldehydes compared with other combust ion gascs
cannot be calculated.
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TASLE A=l. OFZRATIONAL UHARACTLRISTICS OF COLORMIRIC
Heasutement NXusber of Saapling .
Raage Sampling Puwp Tiee
Tube (rrs Strodexs (SeenlStreke) tndlcating Xearents Colee
10300 1n tedine pentoxide, selenlen !rona
o 15-2% dionfde and fuul;g sule
100-3,000 1 phurle aeld j
Nel 1-10 10
(Iape V) Rrosophendl blue Yellow
"10-100° | 12 ¥ Nnay
i 0-300 ’ 1 Congo red on beaded alkall §
(Tov 8) 40 salt Blue
0-2,000} 14
2
. =30 S HEX reacts with wercury chloride
e 712 to produce acld ga% to reict Fed
. 10-150 1 uith nethyl red indicator
1-15 10
W 4-8 Alizarin-zirconium complex Light
10-150? }
My : 5 8-16
(Type &) 0.5-10
pighenylbenzidine ““‘i
S0, $-100 s 6-8 . B
(Type ¥) 25-500? ) |
Hys 120 10
{Type ) 10-200 1 ' i
15-2% Lead compound Arowe
H;S $-60 10 ‘
(Type 8) 50-600 1
S0 1-20 .
(Tepe A) 10 10-20 Modified fodine-starch Vhite
50, 20200
(Type ¥)
- 2-40 5 Xylene vapor, sulnshuric )
HQ*? 48 acid and quinoid compound Pink
ek 10-2003 1 '
.o Reaction of the glutaconic
™1 0.02-2"% 25 17-411 aldohyde with sromatic Orang
anines to a polymcthine dye
N4 5-70 10 4=8 Actd and bromophenal hlue Blue

1 Data based on information from manufacturer and reference 5.
¢ tne stroke of hand pump gathers a sample volume of 100 ce.
3 Lincar extrapolation of measurement range assumed.

A color comparison tube fs used to indicate cpncentrations In the ranges 0.02, 0.1 and 0.2 ppm.




Es OF QOLLIRIL DETLCTOR TUELS AN KON INTEREIEISCL LFFILIS®

r

t Color Change Interfotetie o Noninterference
M Nrownish gteen Saturated ang musaturated hvdrocarbons & ,000 pps. Ha0, HCl (2,000 ppw) and
Hydracarbuns to €0 ratlo 32, WX (100 ppx) adsothed by
precleaning layers
k.
Any streng acld gas.
Yellew prey HCl miNt not medasured quantitatively. HaS, NO3

Chlngine Indicated with hatf of the sensftivies.

Any strong acld gas (e.n., nltelie acld).

Blue Relative husldity preater than 9 pereent vl result
In an Indication of HCl helow that acvtually present.
chloride Ha00 90 porcent i, $03+ 200 pp=, OO 4,000 ppoy, Acfd gases aduorbed by pre-
peact Ked BHys 1,000 pps, 8O3« 30 ppa, cleining layer

H3S+ 300 pp=, HCI: 5,000 ppas.

Light yellow

HF nist not quantitatively measured.
No knowm Interfering gases.

HCl, $03, %2, CO

Mulah grey

HCL/N0a> 239
Chlorine, ozone.

In the presence of fairly high S0 concentrations,

$03 (alone)

Brown the HaS Indicatfon is somewliat high.

Minus errors In the S02 indication occur In the HaS concentrations In S02 mca-
hi presence of M2 (Types A and B). suremsent range retained in pre-

te cleaning layer (Type A).

HaS Ix Indicated with the xame xensitivity as

$02 (Type W).

Other aldehydex (e.g., acrolein, acetaldehyde) Benzene, toluene, ketones,
Pink and styrene change {ndicating layver yellow to catrers and petroleus distidlaces

brown,

- Firat invest ixations show no
Orange cross sensftivit. with the
anfnes.

Blue Other vasie-reacting cozpounds (e.i., anines),

A-3/A-4
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E TABLE §-1. MENCBIFTIAN W MATIALALS
b ™hichnnee it W,
: - N, Owelcel Camgoeition tia) toalpe § waignet tan Cabin Tve
A § ISI/%ear-Tiberglon/Ments Buney~ .. 2% “. Tamel Catltag penel
3 «mp/tgwar-tibetglics
Y p=
E* . b Sgwey-lidetgien/Menid Wuaercend/ e, ie ".e Tone} Coiling renel
1 . tpeay-tidergioe (Mn, | withwwn
7 fiatek:
[ T/ Menité Pidet-Thoaeilc [ X ] .. Ponel «ohpented Vace fot sldowell o¢
. viadew tevesl (wpype?
.'; £ et face)
{ S IY1/leemié NiVet-Paenelic o o% .4 Teme! conponont Sace fot atduwell o¢
3 * viadww towel (lowet
) i . otfece)
2 ? Alwtiaw. Aresld Bevpiond/ N ") Yiesrtng Tiesr
:{ Alenine
4
#] : 114 Fiseeglon-Pulgusier 0.0 1.1 Corge }iaee $ide cotd~ Jiome
1
E-* i PT/Pelyester=Chapped Clase/ 0.323 0.4 Penel Soaeheed stovage
3 Manié Weneycond/Pelpeot o0- Sost stombly
Chogpos Ciase
L) WP/ Nense-lgeay/Menié Nevey~ [ B} 4.7 Pane) Moustic wall pesel
coud/lpony Tidergles
13 PVe/0eonto~lpony (Accwetic Mia 9.01% 9.7 Perel conpenent Poce of scowstic well
fos Mo, 14) panel
18 V7 (Clear Tile) .08 $.18 Panel conponent Panel flaied
0 Y0/ peny-Tibeejioe/Atenid Nuney- 0.938 2.8 [ 1) Pottition
coubd/lpuay-Tibet gl 0e/TVF
3 Spoay=-ibetgl oe/ T/ Rpony=-Fibergloe o450 1?2 Tleering Tlesr
3 Y/ ibet gl eo-Rguay/PVF [ X .1} 3.2 Corge 1imet Catge iiner
» Fiderglon-lpony Q0.043 18.) Cotge linet Carge liner
27 Nelenise-Tibecglee 1.19 3.43 lasulation Puselage insulation
18 Alwiatsed IVP/Byien Sctin 0. 087 1.3 tasulotion Cover for tasuletion
batt
n Pelycarbonate 0,054 0.4 Tharuep.aet ic Nelded port
1} Wesl File/Pelyester Bozhing/leten 0.2¢8 3t.e Tieering Carpet
Cooting
» Veel Pile/Pelyecter Seching/laten 0. 343 51.) Pleesing Carpet
Cont ing/Veethone Pud
» E/Pwesiic-Fiderglae Scteen/ 0.3)?7 n.2 Pomel Conter colling penel
Arenid Benvycend f1lled with
Paenslic-Fibergles Bott/Mmneltc-
Tbdergles
» Epony Conted Mhenelic-Fibergles .07 18.4 Pamel conpenent Sechface of celling
(Beching for We. I?) panel
» fpoay Coated Pheselic-Fibergles 0.008 17.6 Penel componsat Addnoived woed ia
(Addweive woed ia Mo, 37) ceiling panel
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Thicbasesr tmit uu.u
Owalcol (angeositim la. (agiyd ) melgastion Lobin tee
. . - = - -
- Atenid masyramd fllled ot Q.43 jo.8 Tenel component Calling retel cate
Fhone lic-Fibatglas Dottt (Laje
fet Mo, 2
[} bpoay Caotod Flpawll. Fibsigioe Q.U 1i.) Tans! compescat w toek weed in <ol
thctoon wood A M, V). ing renel
. FY7 (Acovatic Bia feoe M, 3 3.645% Pate! compoasnt Cellling remel finied
Y] IV, Peaallic-Tibotglon ictocn, Q.13 Fonel Peep colliing pamel
Atanid Renoycunb/Atenid Roney-
conb tilled with Fhenelic-Fibet-
alon Dottt/ Fhonelic-Tidetglae
“ INF/UNC/ naraliti=Vibotglos/ Q. W it Tonel tppet sidwwell peme!
Moalé Rmercoub/Izesy-Fibetglen
» Wenl Cotyet/Thonelic-Tiderglon/ L TS 7.0 Tone} lwwet atiewall panel
Atonid Mumeytamb/iyesy-Fidetglan
[T Wip— -~
ié Vesl Cotpel/treer Adheaire/Almineal 9.¢9% b3 24 Tleeting Flewt ponet
helse Wewdilpesy Adioelve Al isem
» Vi staialecs Stael/igesy Addwelive/ QAN 1e8 Flewiing Tiest pamel
Atenid~Twenellic Mensrycoad/Lpaay
Adbustive/1tainlens 3teel
[ Lpeay=-Fivetglions Q,alt el Catge Linse Catge liner
— - - - et §
[ %4 TV /PW . Penelic=Fidetglon, kpony Q.0 (3 281 Tona! Quethood atowage panel
Adwaive/Atenid Benoycund/ Lpeay
Aboslive,thonslic-Fibetglee
— o~
(23 23ilcuna-Tteotod Fhonelsc=Fibet- 1.18 ..o tneulation Yuselage inaslatice
gles
o e ——— - — . ——— -
(%) PYC Pvenelic=Fibotglon/Atamtd 9,373 .. Parel Doet ipes
meycund/Lpeay-Tibetglos
< TVF/TVC/Theneltc=Fidetglon/Arenid Q.33 1.0 Panel Duet sspenbly
Hucoycond/Lpusy=-Fibetglos
H R Veel (% petcont)/Nylen o.0¥ 1.3 Fodeic typhelstery
{16 potcent)
13 TR Lrethone 9.3%00 12.4 Yoan Sest pod
Je i Usethene Q. %00 12.4 Foun Seat pad
s Aramid Q.04 12.1 Fobeic tUphelstery
’e FR relyethar Utethane Q.%0 3137 Foan Seat cushien
0 R Urethane 9.%% it Fosn Sest cushion
[ 1] PVC (mtroeted) 0.0% 3. Yabeic Uphelatery
P
[ ¥ R Woel (76 jarceat)/FVC 0.039 12.¢ Yabric Uphelstery
(24 percemt)
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ttaye

® 1 1K (wirested) 9. %0 H R Toan Tletlotion cushi ond
podiing fet ool decd
and % teet

]  wel Q.0%3 3.2 Fobeic Uptmintery

" | 7 MWiNien 0.03¢ 0 Costod fobeilc leet ofe cop

* MO‘“ 0.0 1t.¢ Fabelc Cpdelotery

12 5 Cotton 9.933 I ) Fobetc Tphuieicey

1 2] 75 Mayes Q.083 33.4 Tobeie Cphalsters

» Vel (49 petcent ) /P @, 00d i13.¢ Tobeic Uplwletery

(3] percent)

1 1 8 IC-Pelyooter 0.048 1.4 Caoted Lodeic Jeatl belten diephtagm

” 78 FVC-Pelymnthyl Methecrylote 0,004 ”.0 Thwrenplost i¢ Seot ohtewd

100 s FC/aNs 0,092 .9 Theranplost ic Seat ohiowd

{3 78 Pelyetdylons (rigle) Q. 300 13.? Fean Tletotlieon cushion

104 7 Pelyecter Urethane 9,00 .3 Posn Scat cushion

107 ARSI 0.43? 132 Thermep lont i¢ Nolded pott

108 3 Pelyeethyl Mathecfyliote 0.9%4 .o Trensperency Sceatch shield

109 Pelyaethyl Nethacrylote Q. 260 136 Teanegbtoncy Vindow pene

111 Pelycordbenete 0,032 .2 Tronsperency Uiadecteen

1 $ilicone 2.00 %) Claetenes Dot seals

13 PVE/Pel yeotbonote/F TV 0,433 151 Theraeplostic

11%| Peenelic-Fibetglas 1. 6.0 taouiotise Fuselage inouletion

116 Pelycartonste 0,043 n.¢ Therasplaat i¢ Passenget setvice
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13%) Pelyphonyione Onide 0,041 3.4 T raeplont i Tiight statien and
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APPENDIX C

MAXIMUM SMOKE LEVEL ALD PEAK TOXIC GAS CONCENTRATIONS
UNDER FLAMING EXFOSURE CONDITIONS
(TABLY)
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TASLE C-1.

MAXIMUM SNOKE LEVLL AND PEAK TUXIC CAS CONCENTSATIOKS UNIHER

o s . e Feak T
avizht
() Mantnum Sache Lovel (<) Het nes Hr
[ “sarpte Time Tine Tine Tire Tiae
‘vt adtdal jLoss ure,) {=in) o= | (ain) pre 1 (uin) pon {=in) Piw ] (min)
i Foud  {a.36 29 2.5 173 ? 00 | & ey 1 >150 z.s:i
- ANY I $ 81 128 .8 590 ? 12 | 1.5 13 ? v 1.5 3
o 11.0 {o.72 2 (1 10 H 100 | 3.5 ] - 0 1.3
v 1.5l 103 ? 260 ? 400 | 3.5 1 4 »150] 2.5 1
» 16.5  |.208 ~0 - 100 7 0 - 0 - ) - 4
HE 6.9 12.57 19¢ & 500 4 650 | 3.5 12 i v R
12 16.7  §3.92 95 s 500 W | 2 ? 7 >1501 2.8
te %51 [1.99 N ] 3 400 7 & |1 12 7 0 z.s?1
150ee .92 fo.n2 51 3.8 250 [} 40 | 5.8 3 s 80 1.3
18 0.6¢ |0.32 0.9 s 120 ? ] - 0 - & 7.9 3
20 16.0 §1.2) i 7.9 2% ? >60 | 1.8 & 1 0] 0.3,
% 2.8 |5.45 219 s 900 7 2000 | 7.5 20 7 [} -
25 15.3 1.9 a7 6.9 %0 ? 200 | 6.5 0 - 2130 | 3.5
24 3.21 |1.00 119 5.9 228 ? 228 | 3.5 ) - ° - ]
27 0.31 ]0.08 1.5 s 13 7 [} - 3 7 [} -
n 0.26 ]0.1& n [} 100 ? s | s 0 - 18 3.5 ¢
n 8.5¢ |«.00 e 4.8 700 s [ - [ - [ —
»n 10.5 | 6.99 m 5 400 ¢ 2% | 3.8 2 ? 0 - (
* 10.6 | 6.88 424 '3 100 ? 430 | &.% 50 6 0 -
n .9 |2.% 200 3.8 500 ? $00 | 4.5 10 ] >150 | 5.5
» 3.66 | 0.17 ~0 - 150 ? 0 - 0 - 0 -
3 3.47 | 0.08 [} 5.8 300 ¢ 2.5 | 1.5 5 4 [ -
40 2.13 | 0.48 5 (] 270 7 0 - s ? () -
3 2.98 | 6.40 61 ] 140 7 0 - 0 - 0 -
22 2.61 ' 1.15 115 ' 230 ? 170 | 4.5 2 3 mo | 2.5,
&3 17.0 | 3.2 306 4.9 600 7 300 | 4 25 7 150 | 5.5
46 15.5 | 2.94 186 5 450 7 600 | 3.5 10 7 >150 | 6.5
50 18.2 | 4.3 285 6.9 450 7 15] 9.5 50 6 0 -
52 0.6 | 8.04 618 7 500 7 >150 | 6.5 50 7 0 -
5 33.1 | 1.4 578 5.8 1700 7 [>S60u | 4.5 17 7 0 -
(est.) Jf
60 5.82 | 1.55 148 5.5 400 6 200 | 2.5 2 4 0 -
61 13.3 | 3.3 200 7 600 7 500 | 1.5 15 ? >150 | 1.5




PLL AND PEAK TUXIC CAS CONCINTRATIONS UNDEK FLAMISG LXIUSURE CUXDITIuNS
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B e i

Feak Toxie Gas Coticentrations

- ues u %0, DH S0 Aldehvden®s T

T} tine Tize Tiae Tize Tine Tine Tiav Tisce

E (nin) o (ain) fin ) (nin) pie | (xin) Py (ain) | pie | (ainy) e (nin) rhn (ain)

- |« 20 ? >150) 2.3 ’ 7 0 . o | - P 3 )
1.5 15 1 0 1.5 12 7 0 - v - 30 H ™
3.5 0 - [ 1] 1.5 i ? 0 - v - 0 - N4
3.5 1 4 >80 2.3 1.8 ) 0 - 0 - b} 3 X
- [} - ("] - 1.5 ? 0 - 1] - 0 - ™
L% 1 12 i v - a5 ? '] - 14 - 50 ) by |
2 ? 7 >0 2.5 12 7 ¢ - .51 12 20 3 L]
1.3 12 7 % 1.5 10 ¢ 0 - 0 - 10 & b\ ]
5.9 ) s 0 1.5 & & 0 - 0 - S ] N%
- 0 - & 1.5 1 ? 0 - 0 - /] - »~

- 1.9 ) 7 100} 0.5 b} 6 0 - 0 - 5 b} M
7.5 20 7 0 - ] 7 0 - 0 - 15 ? ]
6.5 0 - >150 .5 0.5 & 0 - 0 - H (] ™
3.5 0 - 0 - 0.5 & 0 - 0 - 40 4 N
- 3 ? 0 - S 7 0 - ] - 0 - M
1.5 0 - 18 3.5 1 7 0 - ] - 0 - ]

e - 0 - 9 - 0 - 0 - ] - b} S N
3.8 62 ? 0 - 110 ? 0 - 200} 7 » 7 N
4.5 50 6 0 - 109 5 0 - 180| 7 50 7 0 .
4.5 10 ? >150 5.5 ? ? 0 - 0 - 5 2 M
- 0 - 0 - 1.5 6 0 - 0 - 0 - by

S 1.5 5 4 9 - 12 3 0 - 0 - 2 2 ™
- ) ? 0 - 5 7 0 - 0 - 0 - b
- 0 - 0 - 2 ? 0 - 0 - 2 } N
4.5 2 ) 110 2.5 4 5 0 - 0 - ] & ™
4 25 7 150 5.5 6 7 0 - 0 - 20 7 bt ]
3.5 10 7 >150 6.5 12 6 0 - 0 - 20 7 M

5 9.5 50 6 0 - 20 ? &0 4 5 7 5 6 b
6.5 50 7 0 - 60 [ 50 ? 180} 5 5 5 w

) 4.5 17 7 0 - 50 6 0 - 5 4 20 2 N4

2.5 2 ) 0 - 2 7 0 - 0 - 50 5 hed

0 1.5 15 l ? >150 | 1.5 20 6 3 2 0 - 10 7 M
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TABLE C=1. MAXIMAN SMOKE LEVIL AXD FIAK TOXIC GAS CONCINTRATIONS UNODER FLAMING LXFOSIRE

elcht Pead Tontc Cas
tea) Maninun Seacke Level o w1 X L N0,
Sanple 'Y Tise Tine Tine Tine Tine
Nusdw'r intutad] Luns teore.) {ntn) rre | (ntn) res | (atw) ren | (nin) o | (ain) "o
" u.e0  0.08 ~0 - 100 | 7 ° - 2 . ° - )
¥ 1.0 |aeu 02 .3 wo | 7 190 | 6.8 10 & ) - ] ]
. 1.2 jaa 1 . w | 2 1 s ? 120 2.8 ¢ ;
v a2 jnn 103 . 00 | ¢ ] - 3 1 o - 10 3
T 3.6 |3.50 157 ? w | 7 0 |as 10 . 0 - 2 Ajj
% ENS IR ERY 1o . 25 | ¢ 3 |18 16 ! ¢ - |
' 2.4 u.6 '] .. 150 ? 0 12 L) s ] - 3
1 2.9 2. 159 ) 3% 1 23 |5 12 1 ° - L
® 2.08 |1.2¢ 3] ¢ ao | 2 |1 n 1 ) - al o
T 5,00 [3.9% “ 1.9 w0 | 2 w000 |48 0 . 0 - 0
(ent.)
[ M .47 |10 193 4,7 250 ? 450 | 1.8 23 ? 0 - 5
" 5.3 |[3.m » 2. w | 2 1400 | 1.8 2 2 0 - &
o 1.0 |e.a 535 . 10 | 1 [>2000 | s.s 7 5 v | - » | 7
" 597 |1.98 2% s o | 2 400 1.9 P13 s ° - |
- 3.9 1 o ] wo | 2 0 - 40 ? 0 - 13
o s.28 [3.n %3} s 00 | 2 1600 | 3.8 1 ? 0 - 0.5
2 .23 [o.28 » ? 10 | 2 3 - ) ? ] - y |
”» 0.64 {0.60 1 R w0 | ? ) - 2 ? 0 - 2 |
” 305 |2.21. 104 3.6 0o | ? 0 | ] ? 0 - 0
T % 2.70 |1.48 17 b 00 | 7 8o |s.s 15 ‘ 0 - | |
» .26 |1.61 240 XY % | ¢ 120 | 1.5 ° - 0 - 0.5|
» .02 |s.08 262 3.0 00 | 7 000 | 2.5 2 s 0 - &
(ent.)
100 1.7 |10 758 ] 00 | 7 {:,2‘.",’, 7.8 30 ? 0 - ] ,
102 2.85 |o.m 0 5.1 w00 | 7 ) - 0 - ] - 0 4
4
104 2.6 |s.92 28 ) 00 | 2 27 |1 17 2 0 - Bl A
07 2.7 132 ol 2.8 1000 | 7 |>e000 |72 35 7 0 - 35
(est.) o
108 9.16 |6.35 28 1.7 2000 | 7 30 | 3.5 0 - 0 - I
109 .9 [%.2 59 I 20 | 7 12 | 3.5 1 ? 0 - 150]
1 9.10 |2.92 146 ] %0 | 7 0 - 0 - 0 - o |
112 16.4 2.19 116 ] 200 ? (1] - 0 - 0 - 0
s




AKD PEAK TOXIC CAS CONCINTRATIONS UNOUK FLAMINC LXIUSINE CORDITICNS {Cont frmed)

Fead Tuxtc Cas Comcentrations
- na wex W -, s B Sty Aldchydeno® T
3 Tine Tine Tine Tire Tine Tine Tite Tiee®
. pre ) (nin) ' § (ntm) gt | (nin) r= | (atn) ) (nin) | ppo | (ntn) pe | (nin) ree (nin)
-0 - 2 s 0 - s ? 0 . o | - ¢ - ™ ;
1900 | 6.3 10 . 0 . ) ¢ ¢ - : |2 0w ? ]
300 |3 s r 1o 2.3 ¢ ? 0 - o - 15 3 ]
» . 3 ? 0 - 10 3 00 w | 0 - x i
0 |2 10 s ) - 20 H 0 - T |- ) ¢ BR | . i
s s 1t ? o | - | o | - v | - s : | 3 . 1
RN EX 3 s 0 - ) s 0 - |2 ) - x t
02 .
2 | s ”? 1 0 - 40 4 0 - o | - : ? <. !
.1 .
2 |1 n 1 0 - £} 3 ] - T |- 0 . %
000 | 4.8 0 - ] - 20 ) 10§ 3 ¢ |« ) ) X j
t.)
8 |1 23 ? 0 - 13 : Bl 2 » |2 2 A e -~ T
2600 | 1.3 2 2 0 - & é 0 - 6 | - 18 H X !
- 5.9 ”» 5 ° - » ? H r§ 2 L0 ¢ ™
400 | 1.3 28 3 0 - » ¢ 0 - 28] &+ | s ) ™
0 - 40 ? 0 - 1 ? sl Bl o - x4
1600 | 3.3 1 ? 0 - 0.5 & 0 - o | - ) ¢ N
T - ) ? 0 - 3 ? 0 - 100] ¢ 0 - ™
® |- 2 ? o | - 2 ? o | - o |- 3 . ~t
0 |33 ] ? ) - 0 - 0 - X I 5 6 ™
%0 | 5.8 15 6 0 - 10 & | 2 T ) 2 . XN |
120 | 1.8 ° - o | - 0.sf 7 o | - o |- 5 ? § ]
° 2.5 2 4 0 - 4 2 12} & s |2 10 3 X 1
t.)
est.) | 749 30 ? 0 - s ? 0| 7 1| 30 2 x4 |
° - 0 - 0 - 0 - 0 - o | - 5 3 ™ T
~1 . )
27 |2 1 2 0 - 1 7 0 - T | - 5 ¢ "2 ;
Sy
? 3 7 0 - 35 ? | 7 6 | & 50 5 s 1
pat.) 4
‘350 | 2.5 0 - d - 1 4 0 - 2.5] 4 20 9 Ny ]
SEEX! 1 7 ) - 150 s 0 - o | - 10 ? K %‘
o |- ° - o | - 0 - o | - o | - T - w | ?
0 - 0 - 0 - 0 - U] - 0 - 1/} 7 v k
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TABLE C=1. MAXIMUN SMOKE LEVEL AJD PEAK TOXIC CAS CONCENTRATIONS UNBIR FLANING l1

. Peak Touie.
Welght
() Meximun Seube Level ) wcl H e w i
Sawple o, Tine Tine Time Tine Tine s
Kusher Inttial] Losy (corr,) (nin) pro | (ein) ren | (nin) ree | (atw) val(atn) |
1" .7 |t0.8 64 ’.0 1% | 7 %0 | 7.5 ° - nol s |
1154 0.64 |0.08 ~0 - 10 | 7 0 - 2 4 0 -
e 92 |1y 100 (] ano | 7 0 - e - ° - |
1Y) 678 3.3 20 XY 1000 | 2 ° - T - ° -
18 %20 {o.01 n ¢ 0 | e ) 3.3 (S - ° -
123 2.9 j2.88 mn ] 19 | 2 0 - ° - ° -
127 1.70  ]1.26 ” . 0 ? 20 | 5.8 123 & ) - F
130 3.01 |2.58 1) 2.8 1200 | 7 1’ | 1 7 0 -
1% S |3.9% 0 1.9 %00 | 7 100 | 1.8 1 s ° 1
162 1.90 {122 101 7.4 %0 | s 0 - 1 ¢ ° -
wa | 2.3 [ Pre, $ no | 2 THEX 15 s o | -
T3 851 |3 2] 1.8 150 | ¢ 100 | 1.8 13 H ° -
144 .o |o.9s s ] 0 | 7 o |1 2 3 00} 0.5

1D measurements of urethane foam combustion mixtures were made only at 2 or J atnutes
*an (ormaldehyde
*o0nly 9-ainute test (no 7-minute bag sample)
™ - not seasured
M T = Trace
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'1] ) 0 - 10 ? » 4 13 ! 0 - x
15 5 0 - 0 i 0 - ° - S ['S >.1 *
25 p) 0 - 20 ) o - 1501 ? 19 2 ] .
2 3 100 0.3 1.3 4 0 - 0 - b} [ x4
2 ot 3 ainutes
o2
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APPENDIX D
CALCULATED YIELD OF TOXIC GASES IN THE SMOXE DENSITY CHAMBER

Many researchers prefer to report the yield of toxic gases {rom combustion or
pyrolysis of a material on a weight basis and normalized by {nitial sample
weight. It vas assumed that the peak gas concentration (sppendix C, table C-1)
uniformly distributed throughout the 18-ft3 chamber at the initial temperature
of 95° F corresponded to the total yield of the gas. Mathematically, the toxic
rax yield per initial sample weight (ng/g) is related to the peak concentration
(ppm) by the following equation.

sg/g » (.02017) (ppm) (molecular weight of gas)
(infitial sample weight in grams)

The calculated toxic gas yields using this equation are tabulated in tadle D-l.

D-1

PP T
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APTENDIX E

CENERATION OF SMOKFE AND TOXIC GASES BY BURNING AVIATION FUEL IX THE
SMOKE DENSITY CHAMAER

Burning fuel is the major source of saoke at the scene of an afircraft crash.
Whether smoke and gases from burning fuel are a factor {n occupant surviv-
ability depends to a great extent on the quantities of cach that can enter

the cabin. n turn, the transfer of smoke and gases into the cabin will depend
oan many factors; e.g., size of fuel spillage, relation of fuel spillage to
access openings, size of openings, wind conditions, etc. If significant
quant{ties of smoke pass i{nto the cabin, it seems likely that for most situa-
tions fuel flames would accompany the smoke into the cabiu and ignite interior
saterials. A comparison wvas made of the contribution of smoke and toxic gases
from burning fuel and cabin materials under the condition of equal exposure
area. This method of comparison seems reasonabhle vhen one considers that for
many crash situations fuel smoke and fire enter the cabin through an opened
exit or small fuselage rupture.

An 18-m) sample of Jet A aviation fuel in a steel pan (2 9/16 X 2 9/16 X 1 1/2
fnches deep) was placed in the NARS Smoke Chamber, directly behind of and at
the same elevation as the specimen holder. The preheated fuel was ignited
with a match and analyzed in the same manner as the cabin materials. The
radiant heater was operated but the propane/air burner was not used.

Duplicate tests domonstrated that the fuel burned in a highly reproducible
manner (Dm (corr)=604 and 610). The major combustion products were smoke and
CO, although traces of NOx and SO were also detected (10 ppm and 2.5 ppm,
respectively). Figure E-1 compares the smoke buildup from Jet A fuel with
that measured for a number of the smokier cabin materials from different usage
categories. Although the fuel eventually renerated more smoke than did most
of the 75 cabin materials evaluated, the pgeneration rate (slope of curve) dur-
fng the earlier portions of the test was similar to that found for the materials
shown in figure E-]. This finding related to consideration of survivability
fn a post-crash fire {s significant since in this situation the first several
minutes are the most critical. However, it should also be pointed out that
the burning rate of fuel (and smoke production rate per unit area) would
increase significantly for fuel pool areas larger than that in the steel pan.
The production of CO by the Jet A fuel was comparable to that measured for
many of the cabin materials (see figure E-2).
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