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INTRODUCTIONY/

The introduction and use of synthetic materials in various applications
may lead to potential hazards from toxic, gaseous, decamposition products if
these materials are subjected to conditions abnormel to thelr intended use,
such as high temperatures or turning from accidental causes. This report
covers an investigation of such possible hazards from toxic gases produced
by the burming or themmal decomposition of some low-density, expanded, syn-
thetic materials, three 01 which consisted of polyv1nylchlor1de and one of
acrylonitrile.

In the production of certain expanded plastic materials, chemical blow-
ing agents frequently are used to produce a cellular structure. One of these
blowing or fosming agents contains azo-bis-isobutyronitrile, which is desig-
nated in this report as PN. Information indicstes that a product of decom-
position of this blowing agent, formed in the blowing operatimn, is tetra-
methyl-succino-nitrile, designated as TSN, which is significantly toxic.
Decomposition of the blowing agent, with release of its azo nitrogen, is
represented by the following reaction:

NC-C(CH5)2—N=N-C(CH5)2-CN—4—‘§~% NQ/‘\ + NC—C(CH5)2~C(CH5)2—CN
Azo-bis~isobutyronitrile Tetramethyl-succino-nitrile
PN | .o

Harger and Hulpleun/ demanstratea the high order of toxicity of TSN to
test animals, finding that a dosage of approximately 25 milligrams per kilo-
grem of body weight caused comvulsions and death. Inhalation by rats of the
vapor of TSN in a concentration of 60 parts per million in.air killed them
in 2 to 3 hours, and 6 parts per million caused death in about 30 hours.
These investigators showed that crystals of TSN possess definlte vapor pres-
sure at room temperature, evaporating canpletely in a few hours. The vapor
of TSN is said to be alm ithout odor., Harger and Hulpieu, whose work
has been clted by otherS~7 s developed an analytical method for TSN vapor

_] The opinions and assertions contained in this report arc the personal ones
of the authors and are not to be construed as official or reflecting the
views of the Department of the Navy, the Naval service at large, or the
Department of the Interior.

Harger, R. N.,, and Hulpieu, H, R., Toxlcity of Tetramethyl-succino-nitrile
and the Antidotal Effects of Thiosulphate, Nitrite, and Barbiturates:
Federation Proceedings, vol. 8, 1949, p. 205.

- Also persaal cqmnunlcatlons frqm Dr, R. N. Harger, Indiana Univer31ty
. School of Medicine.

é/ Spolyar, L. W., Indiana Chemlsts Report Toxicity of Product of Porofor N:
Ind. Hyg. Newsletter, U.S. Public Health Service, vol. &, Nov. 1948,
Jacobs, M. B., The Analytical Chemistry of Industrial Porsons Hazards,
and Solvents Interscience Publishers, Inc., New York, 2d ed., 1949.
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that was employed in thelr animal experimentation and in determining that
sponge rubber foemed with PN continues to give off the vapor of TSN for
extended periods.

According to information obtained by the British Intelligence Objec~
tives Subcanmitteed , the potential hazard from PN and its decamposition
products was recognized by Gemmen manufacturers, who found that PN caused
no skin irritation but if it or its producte of decamposition were inhaled
for prolonged periods serious injury to intermal organs, particularly the
stomach, could occur., Hence, precautions were taken to prevent formation
of PN dust during the mixing operation and to remove, by ventilation, the
gaseous decamposition products during the vulcanization process, Recamumended
manufacturing practices included the wearing of respirators by those employed
in vulcanizing operations, and the storing of freshly vulcanized material in
well-ventilated roams.

Objoctives of this investigation werc (o) to determino whethor moterial
blown with PN conteined TSN, (v) to determine whether TSN was liberated in
thermsl decamposition of the matericl and, if so, at what temperatures, (c)
identification of other toxic gaseous products of thermal decamposition or
cambustion, and (d) to detemmine ignition time, burning time, and ignition
temperature of the materials.

The materials tested, some of which were experimental in nature, were
furnished to the Bureau of Ships by industrial suppliers. The test program
was established and authorized by the Bureau of Ships, Department of the
Navy, Washington, D. C., and the experimental work was conducted by the
Bureau of Mines, Department of the Interior, Pittsburgh, Pea.

{

SUMMARY

This report covers a study of the toxic, gaseous, decomposition products
and burning characteristics of the following low-density synthetic cellular
materials: (1) PN-expemicd polyvinylchloride, (2) UND-expanded polyvinylchlo-
ride, (3) celluler acrylonitrile hardboard, (4) soft cellular polyvinylchloride
(modified). For all materials, carbon monoxide appeared as a principal gaseous
product of toxicological significance, together with hydrogen chloride in the
case of the polyvinylchloride materials, Other decomposition products evolved
in smaller emounts were aldehydes, amaonia, cyanides, and oxides of nitrogen.
The cellular acrylonitrile materizal produced somewhat higher concentrations
of oxides of nitrogen than the other materials. F¥ree chlorine and phosgene
were not detected in the test atmospherecs,

Particular attention, by special test procedures, was giﬁen material
No. 1, the PN-expanded polyvinylchloride, to determine whether 1t contained
tetramethyl-succino~-nitrile (TSN), a volatile, highly toxic compound formed

8/ Brezier, 5. A., Davey, W. C., Gurney, W, A., James, R. G., Rocce, W. H.,
end Sutton, S. D., German General Rubber Goods Industrys: Final Report
No. 349, Item No. 22, circe 1946, British Intelligence Objectives Sub-
oamittee, London, ppe. 96~98.
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by the action of the azo-bis-isobutyronitrile (PN) expanding agent, and
whether TSN was liberated from the material under various conditions of
temperature. The presence of TSN in the material was established by infra-
red absorption spectroscopy and by X-ray diffraction examination. Relative
rates of evolution of volatile nitrogen~containing compounds and of hydrogen
chloride fran this material when heated to various temperatures in a stream

of air were determined by chemical analysis. The evolved nitrogen-containing
caupounds are reported as equivalent TSN, as no nitrogen-containing ingredi-
ents other than the foaming agent are reported to be present in the formulation
of this material. Under the test conditioms, evolution of TSN was not detec-
table at roan temperature. At 75° C. , & small gquantity was evolved. From
75° to 5000 C. increasing rates of evolutlon were shown. JIncipient breakdown
of the polyvinylchloride with the evolution of hydrogen chloride occurred at
190° ¢, At temperatures above 200° C,, under these test conditiens, the rate
of evolu.t:.on of _hydrogen chloride relative to that of TSN became large enough
so that hydrogen chloride probably would be the decauposition prod.uct of major
toxlcologloa.l signlilcance.

——

Relative rates of evolution of hydrogen chloride from the three other
materials were determined., The cellular acrylonitrile hardboard (material
No. 3) did not evolve hydrogen chloride, as it apparently contained no
c%lgrine. Materials 2 and 4 evolved hydrogen chloride when heated above
160° C. : .

Self-ignition temperatures, 1gnit10n and. burning times, and bu.ming
characteristics of the materlals are :anluded. in this report.

' ACKNOWLEDGMENT

The aunthors acknowledge the kind assistance of Dr., R, N, Harger in fur-
nishing a sample of pure TSN for this study and infoxmation relative to its
toxicological properties, Dr. R, A, Friedel for meking the infra-red spectro-

graphic examinations » and Mrs. Gretta S. Baur for mak:ing the X-ray diffraction
examinations,

MATERIALS EXAMINED

The materials examined - slabe 6 by 6 by 1 inch - were as follows:

Material Bl'owin:g or foamihg compound
1. Cellular polyvinylchloride ' Azo-bis-isobutyronitrile (PN)
2. Cellular polyvinylchloride Disnitroso~-pentamethylene~tetramine
(unp)

3. Cellular acrylonitrile hard-
board (copolymer of butadiene,
acrylonitrile and styrene) Not known

L, Soft cellular polyvmylchlorld.e S
(modified) Not known:
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SCOPE OF INVESTIGATION

Because of the reported tox101ty of TSN the investigation centered
meinly on the identification and determlnatlon of this campound in, or
emenating from, material No, 1, which was blown or foemed with PN, Chemical
analysis, infra-red sPectroocopJ, gnd X-ray diffraction. examlnatlon were em-~
ployed in these operations. :

Since three of the materials examined were expanded polyvinylchloride,
tests also were canducted to ascertaln whether hydrogen chloride, free chlo-
rine, or other chlorine- cantalnlng gases, such as phosgene, might be liberated
when heat was applied to the materials, The gaseous products of burning or
themal dccampositlon of the materials also were examined to determine the
quantities produced of carbaon dloxide, carbqn monoxide, aldehydes, cyanides,
oxides of nltrogan, and ammonia,

Data were obtained on the self-ignition temperaturesg/ of the materials
and on the ignition time, burning time, burning charatteristics, and weight
loss due to burning under the test conditions. : .

EST METHODS AND EQUIPMENT

Determminations of the composition of atmospheres produced by burning
or thermal decomposition of the materials and the ignition time and burnlng
time were conducted with equipment developed for a previous investigation=x /
and described in detail in the covering publication. Thls,apparatus is
shown dilagrammatically in figure l. The manner of igniting or thermelly
decanposing the test specimen is similer to that employed by the Depar
of the Navy for determining flame resistance of synthetic materlalsll/igjn5/
Figure 2 shows the assembly for testing a specimen. The test specimen 1s cen~
tered vertically within' the nichrone heater coil and supported so that 2
inches of the specimen extend above it. The sparkplug 1gn1ters are placed .
1/8 inch fram the specimen. The heater coil (7 turms, 1-3/16 inches dlameter,
No., 10 nichrome wire) is energized with & 55-ampere current., The ignition
time is defined as the time elapsed between the energizing of the coil and
the ignition of the specimen. Heating is continued 30 seconds after ignition.
The coil then is de-energized, end the burning time is recorded as the time

9/ The initial air temperature at which, in the absence of an ignition

source, 1gn1t10n occurs of 1toelf, as indicated by an explosan, flame,
or glow. .

;Q/ Berger, L. B., Sohren¢, H. H., Gele, J. A., Stewart, R. W., and
Sieffert, L. E., Toxicity of Théermosetting Plautios Bureau of Mines
Rept. of Investigations U413k, 1947, 11 pp.

11/ Gale, J. A., Stewart, R. W., end Alfers, J. B,, Determining the Flemma-
bility of Thermmosetting Materials:! Plastics, vol. 2, June 1945, pp.
56, 58, 59, 60, 126, :

12/ Gele, J. A., Stewart, Re W., and Alfers, J. B., Fleme Resistance of
Thermosetting Plastics: A.S,T.M, Bull., No., 131, Dec. 194k, pp. 23-27.

13/ Joint Army-Naevy Specification JAN-P-1L, Sept. 30, 19Uk,
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Figure |. - Diagrammatic sketch of equipment for determining gaseous
decomposition products and burning characteristics of syn-
thetic materials, showing accessory apparatus and gas-

sampling arrangement.



Figure 2. - Front view of assembly, showing spark plugs, heater coil,
supporting legs, and specimen.
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required for the flame to extinguish after the coil is de-energized. When
burning ceases, the chamber atmosphere is stirred for 5 minutes , and samples
of it are collected for chemicel analysis., If the specimen does not ignite y
heating is teminated after 480 seconds, and the described stirring and sampl-
ing procedure is followed., - '

17/

Test pleces of conventional size (1/2 by 1/2 by 5 inches) were prepared.
Only the cellular acrylonitrile hardboard material was rigid enough for
mounting properly in the test equipment. The other three materials were
supported by a thin steel rod thrust through the longitudinal axis of the
test specimen to prevent it fram bending and contacting the heater coil.

In analyzing the atmospheres produced in the test chamber, carbon dioxide,
oxygen, and hydrocarﬁ?ns were determined with the modified Haldane gas-
analysis apparatus.;}.‘._ The following constituents were determined by colori-
metric methods: Carbon monoxide by a palladium chloride-~phosphanclybdic
acid~acetone reagant,l5 aldehydes as formeldeh g by Schifits reagent,_:[é/ ) S
cyanldes as hydrogen cyanide by a blood ethod,j and oxides of nitrogen
by the phenol-disulfonic acid method.t Qualitative tests were mede colori-
metrically for phosgene with test pepers impregnated with diphenylemine-p-
dimethylaminobenzaldehyde reagenteY/ and for chlorine with ortho-tolidine
reagent .ol

mmonia by Nessler's method,

‘The apparatus shown dlagrammaticelly in figure 3 was used to detemine
the evolution of nitrogen~containing campounds or hydrogen chloride by the
materlals at elevated temperatures. A weighed portion of the material cut
into emall pieces was introduced into the glass bulb, A, vhich was enclosed
in en aluminum block, B, which, in tum, was encloscd in an clectric fur-
nace, C. Air was passed through a flowueter, D, at 100 ml. per minute, over
the heated sample in A, and through the bubbling~type gas absorbers, E. The

Berger, L. B., and Schrenk, He H., Bureau of Mines Haldane Gas-Analysis
Apparatus: Bureau of Mines Inf. Circ. 7017, 1938, 24 pp.

Polis, B. D., Berger, L. B., and Schrenk, H. H.,, Colorimetric Determi-~
nation of Low Coancentrations of Cerbon Monoxide by Use of a Palledium
Chloride-Phosphanolybdic Acid-Acetone Reagent: Bureau of -Mines Rept.
of Investigations 3785, 1944, 13 pp. . .

Method as applied to enalysis of Diesel exhaust gases described by
Busch, He W., and Berger, L, B.,, Sampling and Determination of Alde-
hydes in Diesel Engine Exhaust Gas and in Mine Air: Bureau of Mines
Rept. of Investigations 4531, 1949, 9 pp.

Jecobs, M. B., Analytical Chemistry of Industrial Poisons, Hazards 5
and Solvents: Interscience Publishers, Inc., New York, 2d ed., 1949,
PP 56)4"'5650

Lester, D., The Quentitative Determination of Cyanide in Air: dJour.
Ind. Hyg. and Toxicol., vol. 26, 194k, pp. 61-63,

Beatty, R. L., Berger, L, B., and Schrenk, H. H,, Determination of
Oxides of Nitrogen by the Phenoldisulfonic Acid Method: Bureau of
Mines Rept. of Investigaticns 3687, 1943, 17 pp.

Department of Scientific and Industrial Research, London, Methods for
the Detection of Toxic Gases in Industry, Phosgene: Leaflet No. 8,
1939. : ' ’

Department of Scientific and Industrial Research, London, Methods for
the Detection of Toxic Gases in Industry, Chlorine: ILeaflet No. 10,

1939,
4100 -5 -
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temperature of the furnace and aluminum block was maintained at the desired
level by an electric pyrometer-controller actuated by a thermocouple in-
serted in the aluminum block. The solutions fram the absorbers were analy-
zed for cambined nitrogen or for chloride content. :

Coambined nitrogen was determined by the method of Harger and Hulpleu .2_2/
The volatile nitrogen-containing campounds were absorbed in concentrated
sulfuric acid and converted to ammoniuvm sulfate. Piscoloration caused by
organic materiasl was destroyed by hot oxidation with 30 percent hydrogen
peroxide. The ammonia content, from which combined nitrogen and TSN were
calculated, was determined colomme trically by Nesslerization a.nd. canparison
with known ammonlum sulfate standards. -

Confirming evidence of the presence of TSN in material No. 1 was ob-
tained by infra-red spectroscopic and X-ray diffraction examinations of
carbon disulfide extracts of the material. :

Evolved hydrogen chlorilde was absorbed in a 10 percent_golution of
sodium hydroxide and detexmined by a mercurimetric method.=<! The chloride-
containing solution was acidified with nitric acid, heated, filtered, and
titrated with -standardized mercuric nitrate solution using sodium nitro-
prusside as a turbidimetric indicator.

. The self—lgnltion tem, P7ratures of the materials were determined by a
modified A. S.T.M. method., in which a smell plece of material is dropped
into a glass flask surrounded by a furnace maintained at constant Lempcra-—
ture. The furnace tempersture is changed stepwise, in small increments, until
the minimum temperature is reached at which ignition -occurs.

- RESULTS OF TESTS

- Test results are given in tables 1, 2, 3, 1+ b, <Jld. 6 and in figurog
1+ 5, and 6.

Tables 1, 2, and 3 present the. results of the flammability tests con- &
ducted on the four materials.  Included are data on the welght lost from the
specimens as a result of the test, ignition and burning times, composition of
the test-chamber atmospheres, and the volumes of the various gases produced.

Buming charecteristics of the materlals are summarized as follows:
Material No, 1, PN-expended polyvinylchloride. When subjected to heat,

the material shrenk considerably, thus increasing the space between test
specimen and heater coil and spark igniters. This at least pertly accounts

22/ TWork cited in footnote 7. .
23/ Kolthoff and Stenger, Volumetric Analysis, vol. II, 2d ed.: Inter-
‘ science Publishers, Inc,, New York, 1947.
_2__/ Scott, G. S., Jones, Gs W., and Scott, F. E., Determination of Ignition
Temperatures of Cambustible Liquids and Gases: Anal, Chem., vol, 20,
19)“'8, Pp. 238"‘2)-‘-.10
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for the instances in which ignition did not occur. Test piece burned over
the entire length with a luminous flame, which formed a light deposit of
goot in the chamber, Some afterglowing occurred. Atmosphere produced con-
tained a light-colored smoke and wag irritating to the noge and throat,
Regidue was a black, light-weight, crisp, friable ash.

. Matorial No, 2, UND-oxpanded pplyvinylchioride. Fewer ignitions of this
materlal wore obtained than with the PN-expanded materlal. Material shrank

“when heated and exhibited burnlng characteristics similar to those of material
No. 1.

n Material No, 3, collular acrylonitrile. When subjected to heat, the

- .material expanded considerably, burst into flame, and burned vigorously with
a large, luminous, sgooty flame. A small residue of a black, fused, brittle
materlal remained, The atmosphere produced contalned an extremely black
smoke and had a sweetish, irritating odor. The smoke particles rapidly
coalesced, forming a heavy deposit of black, fluffy soot.

Material No. L, soft cellular polyvinylchloride {(modificd). Material
expanded when heated and burned with a medium-sized, luminous flame. Some
« afterglowing occurred. The atmosphere produced contained a light-colored
smoke and had a sweetish, irritating odor., Upper and middle portions of the
gpecimen were decomposed, Re81due was a black, crisp, friable ash

Table h and figures 4 and 5 preoent data on the evolutlon,of volatlle
nitrogen-containing compounds, expressed also as TSN, from the: IN—expanded
material during heating tests under controlled condltions. . 5

Table 5 and figure 6 pregent data on the evolution of hydrogen chloride
by the four materials during 3~hour heating tests.

Table 6 presents ignition-temperature data for the four materials,

L4100 -7~



TABLE 1. - Low-density cellular materials; description
: ~~and burning Chargcteri gtics

Weight{Weight | Ignition!Burning
, oo loss, |loss, time, time,
Materiasl Plagtic type Foaming agent| gm, percent| seconds |seconds
1 Cellular . PN . -l 1,16 55.1 1/ 1/
polyvmylchlori ae3/ 1.12 54,2 31,1 14,6

1,64 53.7 L6.7 240
1.56 51.8 63.1 6.6

2 Cellular ~ UND .87 49.3 | 63.5 2/0
1.0k | 543 1/ i/
99 | 6.7 | 1/ 1/
.98 | 56,2 1/ 1/
3 Cellular acrylo 7 5/ Not known 2.76 5k 34,3 71.8
trile hardboard.t 2,63 70.5 3h,7 62.8
L Sof't cellular Not known .o 41,1 214 4.8
polwlnylch oride .95 43,5 18.8 . 3,6

(modlfled)__

1/ Test terminated after 480 seconds when material did not ignite.
2/ Flame persisted legs than 30 seconds after ignition occurred.
%/  Quadruplicate tests. 4/ Duplicate tests.

2/ A copolymsr of butadi enc, acrylonitrile, and gtyrene.

4100 -8 -



TABLE )4, - Combined nitrogen, exvressed as nitrogen and as
tetramethyl-succino-nitrile (TSN), evolved

by heating l.5-gram samples of PN-expanded.

~polyvinylchloride to various tetmpera~.

tureg in a stream of air,

(Alr-flow rate, .100 ml, per mimute)

'

Durafién of

Cambined nitrogen

Combined nitrogen, expressed as TSN,
Sample |Tempera-|, heating, |milligrams of nitrogen per gram of gample
no, |ture,°C, hr. per gram of sample [Milligrams | Millilitersl/
1 25 8 0.000 0. 00 0.00
-. - e —
2 7 6 . 030 .15 .03
| 6 <020 »10 .02
i
Total 12 ,050 «25 05
3 150 6 .259 1,26 .22
6 L2207 1,10 19
Total 12 L 1B6 2,36 RN
L 300 3.5 +791 3,84 .67
L .189 92 .16
6 L1177 CWSTL .10
6 . 063 .31 .05
6 . 065 .32 .06 -
6 .090 ‘. }"]')'l‘ .08' "
; - 6 .058 028 005
: )
Toii,a,l 37.5 1.573 6.68 1.17
1/ At 60° F, and 30 inches mercury pressure.
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TABLE 5. - Hydrogen chloride ovolved by heating samples of low-

deneity cellular materials in a stream of air,

(Duration of heating at each temperature = 3 hours;

air flow rate - 100 ml, per minute)

Sample | Temperature, | Weight loss, | Hydrogen chloride, per gram of sample
no, oC, percent Milligrams Millilitersd
PN-expanded cellular polyvinylchloride
Loveos 160 1.7 0 2 0
2eveos 180 - L0 - 0 0
Bieons 190 9.8 16 10,4
bheuuuo 200 25.6 122 79.1
S eess 250 45.8 269 174.3
UND-expanded cellular polyvinylchloride
lovese 160 2,1 2 1.3
- 180 . 1.5 57 36.9
Beveae 190 19.5 117 75.8
he.ooo 200 26.8 1h7 95.3
S vase 250 43, Y 191 12%.8
; Cellular acrylonitrile hardboard
loeaus 160 0.3 ' 0 0
Civens 160 1.0 o] 0
Bereos 190 1.4 0 0
beeoos 200 2.8 . 0 0
Devare 250 10.1 0 0
Buueos 270 1.6 Trace Trace
Teenns 300 | 20.1 Trace | Trace
Soft cellular polyvinylchloride (modified)
Lieeas 160 3.5 0 0
Cevans 180 13. 4 30 19. 4
Beeons 190 14,1 L2 27.2
hooouo 200 22.5 68 Wi, 1
Deeoee 250 24,5 65 . - 42,1

1/ At

600 F. and 30 inches mercury pressure.

TABLE 6. - Ignitibn temperatures of low-density

cellular materials

Blowing JIgnition
Material compound | temperature, °C.
1. Cellular polyvinylchloridessecesssescssssecns N 375
2, Cellular polyvinylchloridesecsescesecessccacs UND La7
3, Cellular acrylonitrile hardboardsesseevssescs - 435
L. Soft cellular polyvinylchloride (modified)... - h17
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DISCUSSION OF RESULTS

Table 1, which gives results of flammability tests, indicates that
materials 1 and 2 did not ignite in all instances, whereas materials 3 and
I ignited in all tests. Partly responsible for this is the behavior of the
materials when subjocted to heat. Materials 1 and 2 quickly shrank, thus
increasing the distance separating the specimen from the heater coil and:
the spark igniters., Materials 3 and 4 expanded considerably, allowing the
specimen actually to contact the coil and igniters in some instances.

As shown in table 2, the concentrations of decomposition products in
the atmospheres produced are rather low, particularly for the polyvinylchloride
materials. Because of the low density of these materials only a small weight
of sample wag availlable for combustion. The heavier cellular acrylonitrile
burned more vigorously, suffered more extensive decomposition, and produced
higher concentrationg of decompogition products.

The atmospheres produced by the PN-expanded polyvinylchloride materials
wore tested for nitrogen-containing gases other than hydrogen cyanide and.
ammonia., No significant quantity was detectable, hence TSN is not reported,
It is possible that TSN is decomposed at the temperatures produced by the
heater coil or in the flame during ccmbustion and thus does not persist as
such in the resultant atmosphere. Some incidental tests conducted to deter-
mine the decomposition temperature of pure TSN, although not entirely con~
clusive, indicated that when heated in vacuo to approximately 320° G., decom
. position of the material became evident - evolution of gas and discoloration
of the originally white crystals - but the extent of the decomposition wag not
determinable., The rate of decomposition appeared to be slow under the partic-
ular experimental conditions, At the gtill higher temperatures obtained:in
the ©lammability-test apparatus, the rate of decomposition would be ernhanced.

The reported values for hydrogen chloride in the flammability tests
probably are low, because some of 1t may have reacted with the walls and
metal surfaces in the test chamber during heating and sampling periods.

Qualitatlve tests Tor chlorine and phosgene in the atmospheres produced
by all materials were negative.

Ag indicated by the flammability tests, carbon monoxide was a major prod-
uct of toxicologic importance Tor all materials, and for the polyvinylchloride
materials carbon monoxide and hydrogen chloride predominated in this respect.
The cellular acrylonitrile material produced somewhat greater dquantities of
oxides of nitrogen than the other materials, As pointed out previously, TSN
wag not detectable in the atmogpheres produced in flammsbility tests of the
PN-expanded material, TSN ig liberated from this material at elevated tem
peratures, however, as shown in the following discussion.

Table 4 and figures 4 and 5 present data on the evolution of nitrogen-
.containing compounds expressed ag corbined nitrogen and as equivalent TSN.
Figurc 4 represents data from table L on the evolution of volatile nitrogen-
containing compounds at various temperatures during tests under comparable
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conditions. At room temperature, no evolved nitrogen~contalning compounds
vere detectable under the described test conditions. At 75° C., small
amounts of nitrogen-containing compounds were evolved. From 75° to 3000 C,,

the amounts evelved increased almost uniformly with temperature.

It 1s pointed out that these tests indlicate only the relative rates of
evolution at various temperatures and do not represent total quantities that
might be produced by more prolonged heating. Table L (sample L) presents
data, shown graphically in figure 5, on a sample heated to 3000 C, for a
total of 37~l/2 hours. Throughout the test, evolved nitrogen-containing
conpounds were collected over periods ranging from.3~l/2 to 6 hours. The
amounts evolved during each pericd and the cumlative totals are shown in
figure 5. Of the total obtained at this temperature during 37-1/2 hours,
approximately 68 percent was ovolved during the first 6 hours and 78 percent
in the firegt 12 hours. The evolution then decreased to a low rather consgtant
rate for the remainder of the test., Iven after 57—1/2 hoursg, nitrogen-
containing compounds still were detectable in the effluent gases. Such
evolution curves probably are dependent on the test temperature and vary as
the physical condition of the sample changes. At low temperatures, where the
Physical character of the material is changing very slowly, the rate of evo-
Iution 1s low. Ae the temperature is increascd - particularly to the point
where the polyvinylchloride itself begins to decompose ~ the physical char-
acter due to loss of plasticizer and decomposition changes mich more rapidly,
thus enhancing the rate of evolution of entrapped TSN,

The evolution of wvolatile, nitrogen-containing compounds by the PN-
expanded material was not taken as conclusive evidence of the presence of TSN,
even though information supplied by the manufacturer indicated that no
nitrogen~containing ingredients other than PN had entered into formulation
of the materials, X-ray diffraction examination of the material as received
did not indicate the presence of TSN, but this result may have been due to
the extremely small weight of the low-density material that could be utilized
for X-ray diffraction examination and the state of fine subdivision of the
TSN particles, if present as such in the meterial. However, a carbon disul-
fide extract of the foamed material and a solution of pure TSN in the same
solvent exhibited light absorption at the same wave length in the infra-red
region of the gpectrum, Also, all lines of an X-ray diffraction pattern of
crystalline material obtained by evaporation of a carbon digulfide extract
of material No, 1 agreed with those of pure TSN,

Table 5 end curve A of figure 6 show data relative to the decomposition
-of the PN-expanded polyvinylchloride with evolution of hydrogen chloride.
Incipient breakdown occurred nesr 190° C, Above 200° C,, the rate of decom
position increased rapidly. It is pointed out that these tests indicate only
relative evolution rates at various temperatures and do not represent total
guantities that might be produced by more prolonged heating.

At temperatures above 190° C., hydrogen chloride from the PN-expanded
polyvinylchloride material may become the decomposition product of major
toxicological significance, because the quantities of hydrogen chloride
evolved are much greater than those of nitrogen~containing compounds. " Direct
compearison of the two series of tests ig difficult, inasmich as the heating
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periods for the hydrogen chloride tests were shorter than those for volatile
combined nitrogen. However, by interpolation in figure hamdfrom table 5, the
following comparison may be drawns

Temperature, | Volume, millilitors at 60° F., 30 inches Hg.
Qg, TSN | Hydrogen chloride
200 , 0.41 (6 hr.) 79.1 (3 hr.)

0.57 (12 nr,)

250 0,60 (6 nr,) 147.3 (3 hr.)
0.74 (12 nr.)

Thus, at these temperatures the volume of hydrogen chloride evolved under the
described test conditions was 200 to 300 times that of TSN vapor.

Although results of animal experiments to determine acutely toxic reac~
tions of different matorials may not be compared with mathematical accuracy,
such experimentation yields Information on the general order of the toxicity
of the materials in question., Folloving sre summarized data on the acute

toxicity of TSN and of hydrogen chloride:

Concentration, |Exposurs, ;

Material P.D.0, by voluue hr., EBffact | Reference
Tsﬂ\lobtulcalcouatt 60 2‘5 Death ‘::.'_2/
DOv eovontnsenns 31 37 do. do.
Doy evevecsenneans . 15 8-23 do. do.
DO. eas s 000 s0scer s, 8 20“24 dO. dO.
DO- LN AU N N N N 505 51")4-6 d.O. do.
Hydrogen chloride 4,350 1/2 do, 26/
DO, seoveesnsosss 675 6 do. do,

The foregoing data indicate that the concentration of hydrogen chloride
required to produce death after exposure of 6 hours is approximately 20 times
the lethal concontration of TSN for exposures of about the same duration (3
to 7 hours). However, as the volume production of hydrogen chloride under
certain test conditions was 200 to 300 times that of the assumed TSN, it
appears that the greater hazard would be created by hydrogen chloride at
elevated temperatures. In the range of temperatures at which both TSN and
hydrogen chloride are liberated, the highly irritating properties of the
latter gas would give warning of decomposition of the material and would cause
pergons to retreat, if possible, from the contaminated atmosphere., The fore-
golng discussion does not, of course, take into account the possibility of syn~
ergistic action with a combination of gases such as that produced by decomposi-
tion of the test material,

2 Harger, R, N., and Hulpiew, H, R., Work cited in footnote 5.

_g~/ Machle, W., Kitzmiller, K, V., Scott, E. W., and Treon, F. J., The Effect
of Inhalation of Hydrogen Chloride: Jour., Ind., Hyg. and Toxicol,, vol,
ek, 1942, pp., 222-22k4,
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Table 5 and figure 6 present data obtained in 3-hour heating tests in
which were determined weight loss and evolution of hydrogen chloride fram the
four subject materials. Fraun the curves showing evolution of hydrogen chlo-
ride versus temperature, the approximate temperature of incipient breaskdown
of the materials may be determmined. The cellular acrylonitrile material is
not a polyvinylchloride type, and no appreciable quantity of hydrogen chloride
was eyolved.

Table 4 gives results of tests to determine ignition temperatures., The
previously used method for determining ignition temperatures of thermosetting
materials - by wrapping a thermocouple around the test specimen and heating
it within the coil of the flammebility test apparatus - was not suitsble for
these low-density cellular materials, because physical changes in the test
pieces (shrinking and ewelling) before ignition occurred caused the thermo~
couple to lose contact with the specimen, thus precluding true temperature
readings. '
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