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INTRODUCTION

PURPOSE.

The primary purpose of this report is to compare selected toxic gas yields
of aircraft interior materials using the National Bureau of Standards (NBS)
smoke chamber and the combustion tube furnace. A secondary objective is to
compare selected toxic gas yields obtained with colorimetric detector tubes
in the NBS smoke chamber with the yieldd$ obtained using instrumental methods
of analysis.

BACKGROUND.

Two previous studies conducted at the National Aviation Facilities Experi-
mental Center (NAFEC) have involved the analysis of toxic gases generated by
thermally decomposing aircraft interior materials. These tests have included
66 materials and nine material components. In the first study (reference 1),
the materials were exposed to flaming conditions in the NBS smoke chamber,
and selected toxic gases were measured with colorimetric detector tubes.

A more recent study (reference 2) involved the thermal decomposition of the
same materials in a combustion tube furnace at 600° Celsius (C). Instrumental
methods of analysis were employed in the latter study to examine the various
thermal decomposition products. In addition, the Civil Aeromedical Institute
(CAMI) has conducted animal toxicity tests by thermally decomposing these
materials in a combustion tube furnace (reference 3). Both the recent NAFEC
toxic gas program and the animal toxicity studies at CAMI employed similar
experimental procedures to generate thermal decomposition products.

It is generally accepted that exposure conditions play a significant role in
determining both the qualitative and quantitative aspects of combustion pro-
ducts (references 1 and 4). It can be argued that a combustion tube furnace
is not an appropriate means of generating combustion products, since the thermal
environment is assumed to differ rather significantly from that encountered
during flaming combustion. The purpose of this study is to compare the

thermal decomposition products that are produced using a combustion tube
furnace with those obtained under flaming exposure conditions in the NBS smoke
chamber. This comparison is based on the qualitative and quantitative analysis
of eight thermal decomposition products produced by 12 randomly selected
aircraft interior materials.

EXPERIMENTAL SECTION

ATIRCRAFT INTERIOR MATERIALS.

The materials utilized in this study were chosen from among those interior
materials which were used in wide-bodied aircraft during 1972/1973. Many of
these materials are still in current use. The 12 test materials were selected



from materials that were analyzed in previous studies (references 1, 2, and 3),

and include panels (4), fabrics (6), and carpets :(2).:

The chemical and physi-

cal characteristics of the materials, including their usage categories, are

described in table 1.

TABLE 1. DESCRIPTION OF MATERIALS .
Thickness | Unit Weight
No. {Chemical Composition (inch) (oz/yd?) Designation ' Cabin Use
T
1 PVF/Epoxy-Fiberglas/ 0.388 48.5 Panel i Ceiling panel
Aramid Honeycomb/
Epoxy-Fiberglas
33 |Wool Pile/Polyester Backing/ 0.265 51.8 Flooring Carpet
Latex Coating
34 |{Wool Pile/Polyester Backing/ 0.345 51.3 Flooring Carpet
Latex Coating/Urethane Pad
43 | PVF/Phenolic~Fiberglas 0.732 85.8 Panel Drop ceiling panel
Screen/Aramid Honeycomb/
Aramid Homeycomb filled
with Phenolic-Fiberglas
Batt/Phenolic~Fiberglas
61 | PVF/PVC/Phenolic-Fiberglas/ 0.500 60.1 Panel Overhead stowage panel
Epoxy Adhesive/Aramid
Honeycomb/Epoxy Adhesive/
Phenolic-Fiberglas \
70 | FR Wool (90 percent)/ 0.037 11.3 Fabric Upholstery ;
Nylon (10 percent)
78 | Aromatic Polyamide 0.046 12.1 Fabric Upholstery ;
82 | FR Wool (76 percent)/PVC 0.039 12.6 Fabric Upholstery
(24 percent)
88 | FR Wool 0.055 17.2 Fabric Upholstery
92 | Aromatic Polyamide 0.036 11.8 Fabric Upholstery
142 | FR Wool (90 percent)/ 0.035 10.3 Fabric" Upholstery
Nylon (10 percent)
144 | PVF/Epoxy-Fiberglas/ 0.276 43.3 Panel Wall panel
Aramid Honeycomb/ :
Epoxy-Fiberglas

FR — Flame Retardant Treated
PVC ~ Polyvinyl Chloride
PVF - Polyvinyl Fluoride




" All materials were cut to approximate size and placed in a conditioning chamber
at 50-percent relative humidity and 70° Fahrenheit (F) (21.1° C) for at least
24 hours. The materials were then reweighed prior to testing. Sample weights
for the combustion tube were 250 +5 milligrams (mg). The samples for the NBS
smoke chamber were cut to fit a standard 2 9/16-inch-square sample holder.

COMBUSTION TUBE FURNACE.

Since details of the experimental procedures have been described in a previous
report (reference 2), only a brief summar& of the procedure is presented. A .
250-mg sample of material was exposed to 600° C in a combustion tube furnace.
The material was heated in a 2/3-inch (1.7 centimeters (cm)) diameter Vycor ®
tube for 5 minutes while ambient air was drawn through the combustion tube at

a rate of 2 liters per minute (pm) with a laboratory vacuum pump. The combus-
tion gases were collected in liquid-filled bubblers, each containing an absorb-
ing solution appropriate for the gases to be analyzed. Carbon monoxide (CO)
was collected for analysis by replacing the liquid-filled bubbler with a 12-
liter Saran® sample bag while maintaining the airflow with a tank of purified
air. Three replicate tests were made on each material, and the reported gas
yields are the average of the three tests.

NBS SMOKE CHAMBER.

The materials were tested under standard flaming exposure conditions (refer-
ence 5) (radiant heat plus flamlets) in order to more closely simulate flam-
ing combustion. The glass in the chamber door was covered with a transparent
Teflon® film to prevent etching of the glass by hydrogen fluoride (HF). The

gas sampling apparatus consisted of four impingers placed inside the NBS smoke
chamber.

The inlet of each impinger was positioned near the geometric center of the
chamber. Glass open—tip impingers were used for the collection of all

gases except HF, A fritted polypropylene bubbler was used for the collection
of HF. The airflow through each impinger was maintained at 1 fpm for

10 minutes by four rotameters equipped with high-accuracy needle values.

Each rotameter was protected from tars by a cold trap and an absorption tube
containing a layer each of Drierite® and activated charcoal. A description of
the collection medium in each impinger and the combustion gases that were
collected in it is contained in table 2. Carbon monoxide concentrations were
monitored continuously with a nondispersive infrared analyzer (NDIR). The

CO sampling probe was also located near the geometric center of the chamber.
The combustion products passed through a particulate filter and a cold trap
at -8° C before entering the CO analyzer. Three replicate tests were per-—

formed on each material, and the reported gas yields are the averages of the
three tests.

In addition, CO yields were obtained under nonflaming conditions (radiant
heat only) for six of the materials.



TABLE 2. GAS SAMPLING PROCEDURES FOR NBS SMOKE CHAMBER

Impinger Collection Medium Toxic Gases
1 25-mf modified Griess-Saltzman Reagent NO2
+0.25-mf acetone (reference 6)
2 25 mg of .05 M NaOH HCN, H2S, HCR, HBr
3 25 mf of .04 M tetrachloromercurate S02 .
(reference 6)
4 (a) 10 m¢ of l-percent NaHSOj3 HCHO

(b) 100 mg of .05 M NaOH . HF
(fluoride containing materials) '

Details of the experimental procedure in which colorimetric detector tubes
were employed have been described in a previous report (reference 1). Only a
brief summary of the procedure is presented. Bag samples were taken periodic-
ally from the chamber, and gas analysis was performed after the test. This
procedure was followed for CO, hydrogen cyanide (HCN), hydrogen sulfide (H3S),
formaldehyde (HCHO), sulfur dioxide (S02), and the nitrogen oxides (NOy).
Hydrogen chloride (HC{) and HF were measured directly inside the chamber.

The HCg and HF detector tubes were placed at the geometric center of the chamber
attached to plastic tubing passing through the ceiling to a hand pump. Samples
were taken once a minute for a duration of 7 minutes after the initiation

of the test. '

METHODS OF ANALYSIS.

The contents of the impingers were analyzed for HCN, HC%, hydrogen bromide (HBr),
and HCHO by differential pulse polarography; NO2 and SO by visible spectropho-
tometry; and HF by ion-selective electrode. The instrumental methods of anal-
ysis employed for each of the nine gases are summarized in table 3.

A Princeton Applied Research (PAR) model 174A polarographic analyzer, equipped
with a model 172A drop timer and a model 315 Automated Electroanalysis Control-
ler was used for the determination of HCN, H2S, HCZ, HBr, and HCHO concentra-—
tions. The polarograph was operated in the differential pulse mode using a
three electrode configuration which included a dropping-mercury working elec-
trode, a platinum ribbon counter electrode, and a saturated calomel reference
electrode (SCE). The SCE was isolated from the sample solution by a 1.0 molar
(M) sodium nitrate salt bridge. Instrumental parameters include a scan rate

of 1 millivolt per second (mV/s) for HCN, H2S, HC%, and HBr; 2 mV/s for HCHO;

a drop time of 1 second; and pulse amplitude of 10 mV.

Infrared analyzers were used for the analysis of CO. A Beckman model 864
nondispersive CO Infrared Analyzer was used for the combustion tube furnace,



19zLTBUR
: sorUANg paieijul oATsaadsip
*s1sATeue 03 zo0tad SuyTdues Seg agqny uor3Isnquon -uou #9Q TIpouw urWR{dg
. asqueyp I9zATBUE
- *ST9A9T 0D FO BuTI03TUOW SNONUFIUOY 00 ajous SEN peaeajur €0f TPPOH VSH
aaquey)
*(gud) 1933nq °3B318OB UT SAIND UOTIRI]ITED (B) ayous SON
_ *I931Inq 2po1199TH
93e3190® TOYOOT® pPoxXTw Ul uorieiltld g¢(ftoN)el (9) opTaIonTg 23318 PTTOS
*(¢ud) as33Inq °38180R UT qloaxm ueyl - aoruang U3ITA J239W JITOATTTTIW
§897 SUOTIBIIUSBOUOD IOJ DAIND UOTIRIQITRD (B) JH aqny uorisnquo) /Hd TO8 Tepow UOTIQ
Isquey) aNous 1939wozoyd
*(9 9oua1aIal) 2Inped0lJ UBWZITES-SSOTIH CON SEN pue =0BUING -0x1392dg SIA/AD Supuueog s
* (9 9ous19I91) 2Inpad0lag 9Y9BH-3ISOM PITFITPOW los aqny uofIsSNqmWo) 7T Topowm uBwWSTO)
‘DS °*sA A 08°T- 03 A (QG°T— WOLI UBOS
{HOBN W S0°'0 P23BId®3p JU-§ 03 S9Tdwes jum-T PPV OHOH
‘EDS *sA A OY°0+ O3 A 00
woxy ueds fEONH W 0°0T 3O 2w OT°0 U3ITM LITPFOV
‘HOBN W S0°'0 P93eI9®3p JW-6 03 dTdwes ju-T PPy 1gH ‘J0H
aaquey) (epou
@ajoug SAN pue @sTnd TBTIULILIITP)
*HDS *8A A GT°0- O3 A 06°0~ WOIJ uedS soruaNg a9zi1euy o1ydeasd
‘HOBN W S0°0 Po3jeasesp Ju-6 03 a7dwes Juw-T pPpy SCH “NOH aqny, uoE3Isnquon —0JBTO0d V9/.T T°POW ¥Vd
2anpad01d TEOTIATERUY SBH OIXO]L POUIBH UOTIeusunI]}suT
UuoFISNquo)

ny

STINEID0Ed TVOILATIVNV

‘€ ATavVL




and a Mine Safety Appliances Model 303 continuous infrared CO analyzer was
used for the NBS smoke chamber. An Orion model 801 pH/mV meter with an Orion
solid state fluoride electrode and Orion double junction reference electrode
were used for the analysis of HF. A Coleman model 124 Scanning UV/VIS spec-—
trophotometer was used for the analysis of 502 and NO,. Colorimetric detector
tubes were also employed for measuring gases in the NBS smoke chamber (refer-
ence 1).

STATISTICS.

The ability of an equation to describe the test data is best measured by the
coefficient of correlation (R) or the coefficient of determination (R2). 1In
the case of a linear relationship, R2 is the ratio of the explained variation
to the total variation. RZ is the same regardless of whether X or Y is con-
sidered the independent variable. The possible values of R2 range from 0 to
1.0. A value of 1.0 represents a perfectly correlated data set, while a value
of zero represents no linear correlation. However, a high R2 value (i.e.,
near 1.0) does not necessarily indicate a direct interdependence of the vari-
ables. One also needs to decide whether to regard an observed value of R as
a safe indication that the true value of R for the universe is different

from zero. This is done by testing to determine if the value of R which was
obtained is significantly different from zero at a given probability level
(P2) (reference 7). One can determine confidence limits for estimates
obtained from the regression line by using the standard error of estimate
(syx) which is the standard deviation of the errors of estimation. If lines
are constructed parallel to the regression line of y on x at the vertical
distance of ZSyx, and if the number of data sets, N, is large enough, 95 per-
cent of the sample points would be included between these lines (reference 8).

The relative yields for each gas are compared between the combustion tube
furnace and the NBS smoke chamber. Other conditions which are compared are
flaming versus nonflaming conditions in the NBS smoke chamber, and colorimetric
detector tube analyses versus instrumental methods of analysis in the NBS smoke
chamber. Only nonzero yields are compared to avoid biasing the results. The
"least squares best fit" to a straight line was obtained for each comparison.
The coefficient of correlation, slope, y-intercept (yo), and Syx were determined
for each regression line. All standard errors of estimates in this report

are corrected for the small number of data points employed in the calculations
(reference 8). The 95-percent (ZSyx) confidence bands are indicated as dashed
lines in figures 1 to 11.

The R value corresponding to the best fit was determined for each comparison.
A Textronix 4051 with the Statistical Package Volume 1 was used to calculate
the least squares best fit, the coefficient of correlation, the slope, and the
y—-intercept. The corrected standard error of estimate was computed from a
separate least squares program using a NOVA 3/12 minicomputer.



DISCUSSION OF RESULTS

REPRODUCIBILITY.

The yields of the nine gases are reported in terms of milligrams per gram
(mg/g) of material for the 12 materials tested. Peak concentrations reported
for the colorimetric detector tubes and continuous CO analyses have been used
to calculate equivalent yields in terms of mg/g. This was necessary in order
to compare the NBS smoke chamber data with the combustion tube furnace. All
other reported yields are average yields, measured from samples taken con-
tinuously over the test duration. These data are contained in tables 4 and 5.
Although HBr yields are reported in table 4, they have not been utilized for
purposes of comparison since this gas was primarily detected only when using
the combustion tube furnace.

Data on the average percent-weight-loss of each material are also included in
tables 4 and 5. The relative standard deviation (RSD) in the weight loss was -
determined for the three replicate tests of each material. The RSD is the
standard deviation of a set of values divided by the average value. In the
combustion tube furnace, small variations in sample weight loss occurred
between the three sets of tests. The average of the relative standard devia-
tions (ARSD) of weight loss for the 12 materials tested is 5 percent. In the
NBS smoke chamber a greater variation in sample weight loss occurred during
the three replicate tests, with an ARSD of 15 percent. This variation could
be due to the loss of charred material and dripping of the sample. It could
also be due to variations in the combustion process itself for some materials.
¥
Reproducibility is important for regulatory purposes because it is directly
related to our ability to differentiate between closely ranked materials.
Although NAFEC is not directly involved in the regulatory process, the work
we do often contributes to regulatory actions.

A rough determination of the reproducibility of gas yields can be made by
looking at the ARSD for each gas. Table 6 contains the ARSD for each of the
eight gases in addition to the minimum and maximum RSD for each gas. In the
NBS smoke chamber, the ARSD's ranged from 30 to 52 percent for all eight gases.
In the combustion tube, the ARSD's range from 9 to 24 percent for CO, HCZ, .HCN,
HF, and HyS; and 52 to 69 percent for NOp, HCHO, and S02. The reproducibili-
ties for CO, HCN, HpS, and HF were found to be at least twice as good in the
combustion tube furnace as in the NBS smoke chamber. Carbon monoxide and HCN
are considered to be of primary importance in regards to the hazards in com—
bustion atmospheres.



TABLE 4. COMPARISON OF TOXIC GAS YIELDS IN THE NBS SMOKE CHAMBER AND THE COMBUSTION TUBE FURNACE

TOXIC GAS YIELDS (mg/g)
Material | X Wt. Loss [ HCN '@ HF H2S HBr HCHO S02 NO2
1leor | 27.0 29.9 46.7 | 1.2 | 6.4 0 - 0.5 0 0.
IMA 22.3 .21.8 | 13.5 0.6 ! 3.9 = 0 = o=} 0.
CTF 61.4 95.7 32.8 47777 8.3 0 4.8 - 0 0.
33(CcDT_| 60.0 32.3 | 17.5 | 3.2 ;| o0 o | - 1.7 24.6 | 9.7
IMA 64.7 27.2 7.1 3.0 - 3.0 0 0 17.0 0.
CTF 90.9 55.2 21.9 14.9 | - 5.3 ) T 2.2
34 |cpT 62.0 38.0 31.8 2.6 0 0 - 2.9 22.4 8.92
IMA 65.0 36.0 11.8 2.6 . - 0.5 0 0 15.8 0.13
CTF 91.3 457 24.9 13.5 | - 6.1 0 1.0 2.5
43 |CDT 19.0 19.9 13.0 0.8 3.6 - 0.7 0 0.33
TMA 15.8 19.3 5.0 0.4 4.0 = T - 0.01
CTF 57.8 147.0 11.3 5.2 8.5 0 T 0 0.37
61{CDT | 25.0 25.5 27.7 0.6 | 4.6 0.2 - 0.5 0 1.39
IMA 17.1 15.0 3.8 0.2 2.4 - T — 0.12
CTF 62.9 142.0 27.6 6.8 5.5 0 0 - 0 0.25
70 |cDT 50.0 48.7 0 ; 8.2 0 11.8 - 0 33.4 4.00
IMA 53.2 48.0 0 12.1 = 18.8 T 0.3 6.2 0.45
CTF 80.3 78.2 0 | 33.8 - 13.9 0 0.8 0
78 |CDT 26.0 35.2 21.4 1.1 0 0 - 0 10.7 1.15
IMA 35.3 74.5 25.1 1.4 - T 0 0.8 7.6 0.26
CTF 90.7 { 95.6 43.1 7.0 - 0 0 1.2 11.2 0.53
T
82 |cDT 66.9 | 57.2 134.0 5.5 0 9.7 - 0.5 18.3 9.39
IMA 57.7 . 55.1 40.0 3.6 -, 9.1 0 0.8 16.2 0.22
CTF 97.0 "112.0 87.8 19.5 - 10.7 0 0.8 4.8 0.
88 |cDT 46.0 ' 33.5 | 0 6.5 0 9.2 - 0 28.7 3.
IMA 54.3 " 35.6_ . T 10.3 - 15.2 T 0.5 6.4 | 0.
CTF 82.8 . 88.8 ! 0 41.7 - 13.4 0 1.2 0.3
92 [CDT 21.0 L 40.5 T 0.7 0 0 - 0 5.8 1.25
IMA 23.0 46.1 0 0.9 - - 2.1 0.6 2.3 0.27
CTF 80.1 63.4 0 14.9 - 0 9.6 T 8.5 1.
142 |CDT 64.0 74.3 0 12.9 0 10.8 - 0 10.2 4.88
IMA 55.5 69.0 0 9.2 -~ 15.5 T 0.4 3.1 0.63
CTF 92.1 112.0 ) 37.2 p 14.2 20.5 0 1.%7
144 |CDT 11.0 16.0 5.2 0.1 4.8 0 - 0.4 0 0.16
MA 12.8 23.4 0.6 0.2 3.1 — 0 - - 0.04
CTF 59.0 143.0 0| 8.2 4.1 T 5.5 - 0 0.33

CDT - NBS Smoke Chamber with Colorimetric Detector Tube Analysis
IMA - NBS Smoke Chamber with Instrumental Methods of Analysis
CTF - Combustion Tube Furnace with Instrumental Methods of Analysis
T ~ Trace Amount
- - No Data




TABLE 5.
SMOKE CHAMBER

CARBON MONOXIDE YIELDS FOR NONFLAMING CONDITIONS IN THE NBS

Material Percent Weight Loss CO Yield (mg/g)
33 40.6 4.9
34 34.1 8.0
78 15.8 9.6
82 51.5 14.1
92 14.2 9.2
142 38.5 12.0
144 13.1 4.3
TABLE 6. REPRODUCIBILITY OF GAS YIELDS
' Toxic Gases
Reproducibility: co [ HCL | HON [ HF H2S HCHO No, | SOz
Combustion Tube Furnace ‘
Average RSD (%) 9 | 24 19 15 15 64 52 69
Minimum RSD (%) 0.3 5 10 2 9 10 11 12
Maximum RSD (%) 18 | 30 33 | 22 | 28 166 162 177
NBS Smoke Chamber
Average RSD (%) 30 | 42 52 50 48 48 33 43
Minimum RSD (Z) 15 25 9 36 22 35 4 16
Maximum RSD (Z) 48 119 183 84 86 60 65 86




COMPARISON OF GAS YIELDS FOR THE COMBUSTION TUBE FURNACE AND THE NBS SMOKE
CHAMBER.

Comparisons of gas yields in terms of mg/g for the combustion tube furnace
and the NBS smoke chamber are illustrated in figures 1 through 4 for CO, HCR,
HCN, and H32S, respectively. The least squares best fit to a straight lime
was obtained for each significant correlation. The corresponding R values
were calculated for each gas and are reported in table 7. The corresponding
slope, yo, and standard error are also reported for all gases.

TABLE 7. REGRESSION ANALYSIS OF TOXIC GAS YIELDS (mg/g): COMBUSTION TUBE
FURNACE VERSUS FLAMING CONDITIONS IN THE NBS SMOKE CHAMBER

GAS N R PR(%) Slope Yo Standard Error
Co 12 0.25 >10 - - -
Co* 8 0.74 5 1.1 27.0 18.0
HC 2 8 0.99 1 1.9 5.4 8.6
HCN 12 0.95 1 2.9 6.6 4.3
H2S 6 0.96 1 0.52 5.3 1.1
HCHO 5 0.14 >10 - - -
HF 4 0.79 >10 - - -
NO2 12 0.14 >10 — — —
S02 7 0.25 >10 - - -

#Excluding panels 1, 43, 61, and l44.

The R values for HCN, H2S, and HCX (0.95<R<0.99) are significant at the l-per-
cent probability level. The yields of these gases are significantly correlated
for rather diverse exposure conditions. This suggests that the relative yields
of these gases may be somewhat independent of exposure conditions. The ratios
of gas yields in the combustion tube furnace to those obtained in the NBS smoke
chamber are approximately 3:1 for HCN, 1:2 for HyS, 2:1 for HCR, and 1:1 for

CO with the panels deleted. The CO yields for the panels 1, 43, 61, and 144
are substantially higher in the combustion tube furnace than in the NBS smoke
chamber. Further studies are required to determine how the yields of these
gases vary with exposure conditions.

The observed yields of the oxidized gases such as C0, SO2, NOp, and HCHO are
not significantly correlated. The R values for these gases are not signifi-
cantly different from zero, even at the 1l0-percent probability level. The
formation of these gases is apparently much more sensitive to exposure condi-
tions. Although a significant correlation was not obtained for HF, this
result is less meaningful since only four materials were used in the
comparison.

Although the correlation for CO is not significant, the data are plotted in
figure 1. As indicated, CO yields for the panels, materials 1, 43, 61, and

144, are substantially higher in the combustion tube furnace and tend to form

10



a distinct group. This is due to the total immersion of the sample in the
combustion tube furnace, whereas only the front face of the material is

exposed in the NBS smoke chamber. This factor substantially affects the
results for composite materials. Therefore, the use of one-dimensional

heating in the combustion tube furnace should be explored. Deleting the

panels does improve the correlation for CO to a point where the R-value (0.74)
is significant at the 5-percent probability level. The correlation illustrated
in figure 1 is with the panels deleted.

Nonflaming conditions in the NBS smoke chamber were also used to measure CO
yields for the seven materials listed in table 5. The CO yields obtained °
under flaming conditions are correlated with these obtained under nonflaming
conditions in the NBS smoke chamber as illustrated in figure 5. The R-value
of 0.77 is significant at the 5-percent probability level. The data relevant
to figure 5 include a slope of 4.4, a y-intercept of 8.8 and a standard error
of estimate of 14. The slope indicates that flaming CO yields are signifi-
cantly higher than the yields obtained with nonflaming conditions.

However, the correlation for CO is greatly improved if the CO yields are
compared in terms of milligrams per gram weight loss of material (mg/Ag), as
illustrated in figure 6. Comparing CO yields on the basis of sample weight
loss, rather than initial weight, increases the R-value to 0.98, which is
significant at the l-percent probability level. This would tend to indicate
that the degree of combustion of the sample varies considerably from one test
to the next. The relevant data for figure 6 includes a slope of 3.3, a y-
intercept of 1.1, and a standard error of estimate of 16.

Carbon monoxide yields for nonflaming conditions in the NBS smoke chamber are
compared to those obtained with the combustion tube furnace in figure 7. The
data for figure 7, deleting panel number 144, include a slope of 7.9, a y-
intercept of 5.1, and a standard error of estimate of 18. The R~value of 0.85
is significant at the 5-percent probability level. The ratio of CO yields in
the combustion tube furnace to those obtained in the NBS smoke chamber with
nonflaming conditions is approximately 8:1. The degree of correlation is
similar to that obtained for flaming conditions (figure 1), and does not repre-
sent an improved correlation for CO.

A COMPARISON OF COLORIMETRIC DETECTOR TUBES AND INSTRUMENTAL METHODS OF

ANALYSIS IN THE NBS SMOKE CHAMBER.

Gas yields obtained in the NBS smoke chamber with colorimetric detector tubes
(reference 1) have been compared with gas yields obtained using instrumental
methods of analysis. The statistical data for each correlation, on a mg/g
basis, are contained in table 8. The R-values for CO, HC %, HCN, and H2S
(0.76<R<0.93) are significant at the l-percent probability level and are
illustrated in figures 8 through 11. The corresponding slopes of 0.63, 2.7,
0.81, and 0.69 differ from a slope of unity. This suggests that colorimetric
detector tubes may provide a rapid method for obtaining relative yields for
these gases. However, the R-values for NO», HCHO, and SO5 are not significantly
different from zero, even at the 10-percent probability level. Although a
significant correlation was not obtained for HF, this result is less meaningful
since only four materials were used in the comparison.

11



TABLE 8. REGRESSION ANALYSIS OF TOXIC GAS YIELDS (mg/g) IN THE NBS SMOKE
CHAMBER: COLORIMETRIC DETECTOR TUBES VERSUS INSTRUMENTAL
METHODS OF ANALYSIS

PL(%) Slope Yo Standard Error

GAs N R

co 12 0.76 1 0.63 13.0 11.0
HC%, 8 0.85 1 2.7 1.6 23.0
HCN 12  0.88 1 0.81 0.65 2.0
H2S 6 0.93 1 0.69 -0.17 2.2
HCHO 7 0 >10 - - -
HF 4 0.11 >10 _— - -
NO2 12 0.20 >10 — -— -—
NO2#* 9 0.95 i 7.4 0.11 0.59
S02 8 0.36 >10 - - - ——

*Excluding materials 33, 34, and 82.

The NO2 detector tube is responsive to total NOy, whereas the Griess—-Saltzman
-procedure primarily responds to NO2 concentrations. Therefore, based on
figure 12, it appears that relatively large concentrations of nitrogen oxides
other than NO2 may be produced during the combustion of the wool carpets,
materials 33 and 34, and the wool/PVC blend, material 82. The carpets
exhibited unusually high flames during a substantial portion of the test
period. The correlation for NO2 improves:considerably from an R-value of

0.20 to an R~-value of 0.95 when these three materials are excluded from the
regression analysis.

12
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SUMMARY OF RESULTS

1. The ARSD for toxic gas yields in the NBS smoke chamber was approximately
43 percent for CO, HCYZ, HCN, HF, HS, HCHO, NO2, and SO2. 1In comparisomn, the
ARSD for toxic gas yields in the combustion tube furnace was 9 percent for
CO, while it was approximately 18 percent for HC#, HCN, HF, and H2S. The ARSD
in the combustion tube furnace was roughly 62 percent for NO2, SO2, and HCHO.

2. The variation in sample weight loss for three replicate tests was
significantly greater in the NBS smoke chamber (ARSD = 15 percent) than the
combustion tube (ARSD = 5 percent) for the 12 materials tested.

3. The gas yields of materials in mg/g using the combustion tube furnace
correlated well with the gas yields of materials in the NBS smoke chamber for
HC%, HCN, and H2S5 (0.95 < R < 0.99). The R values are significant at the
l-percent probability level. No significant correlation was obtained for
€O, HF, HCHO, NOg, and SO2. Deleting the panels improves the correlation for
CO to a point where the R value (0.74) is significant at the 5-percent
probability level.

4. The ratios of gas yields in the combustion tube furnace to those obtained
in the NBS smoke chamber are approximately 3:1 for HCN, 1:2 for H2S, 2:1 for
HCZ, and 1l:1 for CO with the panels deleted. The CO yields for the panels,
materials 1, 43, 61, and 144 are substantially higher in the combustion tube
furnace than in the NBS smoke chamber.

5. 1In the NBS smoke chamber, when mg/g ranking is used, some correlation
exists for CO yields obtained under flaming and nonflaming conditions. The
R-value of 0.77 is significant at the 5-percent probability level. However,
when a mg/Ag basis is used, the coefficient of correlation improves (R=0.98)
and is significant at a l-percent probability level.

6. In the NBS smoke chamber, flaming CO yields are approximately four
times higher than the yields obtained with nonflaming conditions.

7. There is good correlation between the colorimetric detector tubes and the
instrumental methods of analysis for CO, HCN, H3S, and HC% when mg/g ranking
is used (0.76 < R < 0.93). The R values are significant at the l-percent
probability level. The corresponding slopes for CO, HC%, HCN, and H2S are
0.63, 2.7, 0.81, and 0.69, respectively. The R values obtained for HF, HCHO,

NOx, and SO2 are not significantly different from zero even at the 10-percent
probability level.

i3



CONCLUSIONS

1. The reproducibilities of combustion gas yields are dependent upon the
method used to thermally decompose the test material.

2. The conditions in the NBS smoke chamber are more oxidative than in the
combustion tube furnace for the experimental conditions chosen for these tests.

3. The relative gas yields are somewhat independent of the exposure conditions
for HCR, HCN, and H2S. However, CO, HCHO, NOy, and SO2 relative yields are
much more dependent on the exposure conditioms.

4, Colorimetric detector tubes for HCHO and SOy are less reliable
for combustion gas analysis than those for CO, HC&, HCN and H2S.

5. Colorimetric detector tubes provide a rapid method of obtaining relative
yields for CO, HC&, HCN, and H»sS.

RECOMMENDATIONS

From the conclusions, it is recommended tHat:

1. Additional laboratory tests be conducted using the combustion tube furnace
to determine whether or not a specific set of conditions will simulate the
results obtained under flaming combustion conditions in the NBS smoke chamber
for both reduced and oxidized combustion gases.

2. Intermediate and full-scale material tests be conducted with the objec-

tive of developing and parameterizing a laboratory test which simulates a
full-scale fire.
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FIGURE 1. COMPARISON OF CO YIELDS FOR FLAMING CONDITIONS IN THE NBS SMOKE
CHAMBER WITH YIELDS FROM THE COMBUSTION TUBE FURNACE
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FIGURE 8. COMPARISON OF CO YIELDS IN THE NBS SMOKFE CHAMBER OBTAINED
USING COLORIMETRIC DETECTOR TUBES WITH YIELDS OBTAINED
USING INFRARED ANALYSIS
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USING POLAROGRAPHIC ANALYSIS
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