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MEMORANDUM REPORT NO. 2293
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ANALYSIS OF EXIHAUST GASES FROM THE XM-19 RIFLE--
AN APPLICATION OF GAS CHROMATOGRAPHY/MASS SPECTROSCOPY

ABSTRACT

A techaique combining gas chromatographic and mass spectrometric
analysis was developed and applied to determine the chemical composition
of gases resulting from firing the XM-19 rifle with the XM-645
flechette round. Cyanogen, carbonyl sulfide, carbon monoxide, nitrous
and nitric oxides were among the produzts detected. Quantitative
data were obtained for some of the components. Thermodynamic
equilibrium calculations were performed and compared with the experi-
mental results.
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I. INTRODUCTION

Operator reports of nausea and peculiar odors during a test firing
of the XM-19 Rifle and XM-645 flechette round, candidates for the
Future Rifle System, gave rise to the concern that the exhaust gas might
contain toxic components. The 1M-645 contains a propellant (X-2473.13)
which, except for granulation, is similar to WC 846 ball propellant.
The compositions of the propellant and the piston primer are listed in
Appendix A. It also differs from conventional rounds in that it
contains a fiberglass sabot and rubber gas seal as shown in Appeadix B
which could affect the composition of the combustion gas.

At the request of the U.S. Army Small Arms Systems Agency, the
Ballistic Chemistry Branch, Interior Ballistics Laboratory (IBL)
initiated a project to study the exhaust gas from the W-19. The
objectives of this project were to identify gaseous combustion products
which might present a toxicological hazard and to provide quantitative
data on these as time and resource limitations imposed at the outset
of the project permitted.

An additional objective has been to develop a quick and efficient
analytical method using the most up-to-date techniques which can be
applied to weapons exhaust analysis in general. A need for this has
been demonstrated as a result of the development of modern weapon
systems using new materials and designed for high rates of fire and use
in relatively confined areas (e.g. a helicopter cabin).

II. BACKGROUND

The evaluation of the toxic hazard of weapon exhaust involves the
detection, identification and quantification of the gases in the post-
firing environment. This process is made experimentally difficult by
the fact that each round produces a small amount of gas (about 1.21 at
STP per round) which is rapidly mixed and diluted in the ambient air.
Some method of sample concentration coupled with sensitive analytical
techniques is required to overcome this difficulty.

Some background information on weapons exhaust analysis is avail-
able from Project West , a study of the exhaust gasis frim 7.62mm

and caliber 0.50 machine guns in a helicopter environment. Techniques
were developed under this task for firing weapons in an enclosed area
to inhibit dilution of exhaust products by ambient air. During firing,
the exhaust gases were continuously monitored with a gas flow call
and rapid scan infrared spectrometer. Evacuated cylinders and a

* Re7f5ences are lts ted on page 33 k
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condensation train were used to provide gas samples for subsequent
analysis by conventional infrared spectroscopy and high resolution mass
spectroscopy. The concentrations of some of the toxic gases found in
the 7.62 mm exhaust are listed in Appendix C. In this study, mass
spectroscopy proved to be the most versatile method of analysis.

On the basis of this data, it was apparent that the present study
would require a technique which was capable of analyzing a complex
mixture of components at low concentrations. The technique of combined
gas chromatography-mass spectroscopy which is being developed in this
laboratory to study a variety of propellant ignition and combustion
problems appeared to be ideal for this problem. In this approach a
complex mixture is first separated by the gas chromatograph and the
components analyzed directly by the mass spectrometer. Identification
of the components can be made on the basis of the mass spectrum and
the gas chromatographic retention time. Quantitative analysis of the
mixture can be performed by conventional gas chromatography.

III. EXPERIMENTAL

A. Mass Spectrometer IR

The quadrupole mass spectrometer used in these studies was
manufactured by Extranuclear Laboratories. The maximum mass range is
0-450 amu. The sweep width is determined by setting the masses at
which the sweep is to start and stop. The rate at which this range is
swept can be varied from 1 msec to 10 sec per amu. A useful feature is
the capability of monitoring the intensity of ions of a single mass as
a function of time. 1he "mass chromatograms" generated in this way
facilitate the detection of trace contaminants in complex mixtures.
Mass spectra were recorded in analog form on a two-channel Brush 220
recorder. r

B. Gas Chromatograph/Mass Spectrometer Interface

Of the many approaches to interfacing a mass spectrometer (MS) to
a gas chromatograph, (GC), the direct inlet system was chosen. It is
simple and rugged, and eliminates such problems as mass discrimination,
membrane selectivity, and absorption effects. The pumping system of
the mass spectrometer was designed with a high capacity oil diffusion
pump (40001/sec). The interface consisted of a 1 m length of stainless
steel capillary tubing (1.59 mm OD x 0.25 mm ID). This restrictor reduces
the pressure from atmospheric at the chromatograph to the working
pressure of the mass spectrometer. With this system, up to 20 cc/min
of helium carrier gas may be inlet to the mass spectrometer while I
keeping.the pressure in the 10-5 torr range. The transfer line is
heated to prevent condensation of any of the less volatile components.

10



C. Gas Chromatograph

A Perkin-Elmer 880 gas chromatograph equipped with a temperature
-pogrammer, flame ionization detector (FID) and a Carle micro thermal

conductivity detector (TCD) was used throughout these studies. A
Hewlett-Packard 3370B electronic integrator was used in the quantitative
analyses. Cryogenic analyses at 195*K were performed by packing the

sample column in powdered dry ice. The column used for these analyses
was a 3m x 3mm OD copper column filled with Porapak QS (80/100 mesh),a
commercial porous polymer packing. The analytical equipment is shown
in Figure 1.

D. Exhaust Confinement Vessel

The objective of this device was to restrict the diffusion of the
exhaust gases into the surrounding air. The confinement vessel was
constructed from an aluminum cylinder 1.02 m in length and 0.3 m in
diameter. One end was covered with an aluminum plate with an opening
to accept the muzzle of the XM-19 rifle. The opposite end was designed
so that it could be scaled with replaceable rubber diaphragms. These
allowed the flechettes to pass through while the integrity of the gas
seal was maintained. Ports along the length of the cylinder allowed
gas samples to be taken after firing. The apparatus is shown in
Figure 2.

-E. Gas Sample Flasks

Glass flasks (0.5 and 2Z) with vacuum stopcocks, and tapered glass
joints were used to sample the gas from the containment vessel. These
were prepared by evacuation to 5 5 istorr, heating with a heat gun, and
then filling with helium. This procedure WdS repeated several times
before final evacuation. Checks by mass spectroscopy of the background
in the sample flasks showed them to be free from contaminants.

F. Gas Condensation Train

The condensation train consisted of three gas traps in series, each
of which could be isolated by vacuum stopcocks. They were immersed
in cooling baths which in Run #1 were at 273, 19S, and 77°K and in
Run #2 were all at 77°K. After firing, a gas stream was pulled from the
containment vessel through the traps with a vacuum pump.

G. Introduction of Gas Samples into GC/MS

A six-port gas valve with interchangeable sample loops was modified
to allow injection of samples from the gas flasks into the GC. As
depicted in Figure 3, the system was designed so that the sample loop
could be evacuated with a vacuum pump to '-200 mtorr. The pump could
then be valved off and an exhaust sample expanded into the sample loop
from the gas flask.
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Figure 3. Schematic of Gas Sample Inlet System for Gas Chromatograph
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Two different sample loops were used in this study, the first
being a standard 5-ml loop. The second loop was designed to allow
cryogenic concentration of dilute gas samples, and was constructed of
a 30 cm length of 3-ran OD stainless steel tubing which was packed with
Porapak QS. To concentrate a sample for injection, this loop was
evacuated to %200 mtorr and then immersed in liquid nitrogen. A gas
sample was then pulled through the loop for 30 - 90 sec using the
vacuum pump. After the pump and sample flask were valved off, the
cooling bath was removed and the loop heated with a heat gun to %700
before rotating the valve to inject the sample into the GC.

IV. EXIHAUST SAMPLING PROCEDURE

Firings of the XM-19 were carried out in the Interior Ballistics
Range of the Ballistic Research Laboratories following standard
safety procedures. As shown in Figure 2 the rifle was mounted on a
test bed with the muzzle within the gas confinement cylinder. Three-
round bursts were fired by remote control. The flechettes passed
through thu rubber membrane on the cylinder and were captured in a sand-
bag target down range. After the desired number of rounds had been
fired, gas samples were taken by placing the tapered glass joint of a
sample flask through one of the sample access ports in the cylinder.
The stopcock was then opened and a sample of the exhaust/air mixture
was drawn into the flask. When the static gas samples had been taken,
the vacuum pump was turned on and gas drawn through the condensation
train for five minutes. The individual traps were isolated and stored
in their cooling bath until just before analysis when they were warmed
and expanded into evacuated flasks.

Two firings of 12 rounds each were conducted to obtain samples for
the qualitative and quantitative analysis of the exhaust gases. The
containment vessel was purged with helium during the first firing to
reduce the chance of post firing combustion of the gases in the vessel
and to reduce the amount of air in the gas samples relative to the
exhaust gases to aid in the qualitative analysis. In the second
firing, the weapon exhaust was allowed to mix with the ambient air in
the containment cylinder. No secondary explosions were observed
during firing.

V. 'RESULTS

A. General

A preliminary investigation was necessary to develop the conditions
for the gas chromatographic separations. A list of gases which might
be found in the exhaust gas of the XM-19 was compiled and these are
listed in Table I. A.literature search was conducted to identify gas

15
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TABLE I

RESULTS OF GC RETENTION TIM STUDIES ON POROUS POLYMER

COLUMN PACKINGS

COL** P-QS P-QS P.QS P-S P-T P-QS+s
Temp 250 500 70* 25* 250 250

GAS Retention Time (sec)

Air 33 30 72

CO 34

NO 36 84

CH4  54 60 30 120

CO2 127 78 300

N20 174 105 390

C 2 H2 246 120 204 695*

C 2 H4 246 120 150 610*

C2H6 378 204 910

1120 240

H2S 595 285

CNCN 510

OCS 510

HCN 600

C3 H6  576 *

C3H8 660 *

•Detectable by FID
•*P-QS =Porapak QS

P-S "=Porapak S
P-T = Porapak T

16



,i¸-i

chromatographic column packings which would permit separation of these
gases. The recently developed porous polymer packings appeared to have
the most promise. These are commercially available as the "Porapak"
series of gas chromatography packings 2

.

A series of gas mixtures approximating :he expected weapon exhaust
was prepared and trial separations achieved on Porapaks QS, S, T and
a series column of QS + S. The results of this study are listed in
Table I. The most effective packing was Porapak QS which with proper
temperature gave separation of all componen'i except acetylene/
ethylene and carbonyl sulfide/cyanogen. The former could be separated
by coupling the Porapak S column to the rear of the QS column. The
large increase in analysis time made this column arrangement undesir-
able. On this basis Porapak QS was chosen as the packing to be used
in the exhaust analysis.

B. Qualitative Analysis

The TCD of the GC is sensitive to all compounds of interest in
this study. The lower limit of detection for this device is ",20 ppm
(with cryogenic enrichment trap). Collection and quantitative analysis
of components present below this conentrati,,n was thus impossible with
this detector.

The FID is sensitive to those compounds which have at least one
oxidizable carbon atom. The lower limits '-r detection and quanti-
tative analysis are below 1 ppm. Most of permanent gases of
interest in this study are not detected b, s device. Table I
indicates the components which are detecta with the FID.

To facilitate the qualitative analysis of the exhaust, gas samplesfr-om tihe liquid nitrogen cooled condensation traps were subjected first J-
to GC/MS analysis. These samples were enric'hed in those components

whose boiling points are significa-'ly abr,,!x that of nitrogen (77°K).
The gases with boiling point:; closer to nitrogen e.g. CO (81°K), CHt4
(111K),NO (121'K) should show only slight enrichment.

The TCD and FID traces from typical chromatograms from Firings I
and 2 are shown in Figures 4 and 5, respectively. The difference in
sensitivities between these two d6tectors is evident. The components
which were detected and identified in the exhaust on the basis of the
mass spectra are listed in Table II. The number under each chromato-
graphic peak in Figures 4 and 5 corresponds to the number of the
component identified in Table II.

Mass chromatography involves the technique of monitoring the
intensity of a single mass as a function of time during a gas chromato-
graphic run. This technique is particularly useful in the search for
a component which may be present in the effluent at very low levels.

17'AL
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TABLE II

RESULTS OF QUALITATIVE AN)ALYSIS

Component (a) Identity Component (a) Identity

1 Air 7 (b)
CO 8 H20

NO 9 (t1

2 CH4  L_0 (b)

3 CO 11 CNCN
2 L

4 N20 OCS

5 C 2 12 HCN

C 2 13 Propylene

C 2H 14 Propane

15 Propyne or
Allene

(a) Numbers correspond to those in Figures 4, 5, 8.

(b) Identification could not be made due to small amount of component.

20



I 1
A prominent ion in its mass spectrum is observed and an increase in

intensity of this ion at the known retention time of the component is
good evidence for its presence in the mixture. This procedure can be
followed for each prominent ion in the mass spectrum of the suspected
component in order to obtain more evidence for its presence.

Figures 6 and 7 show a series of mass chromatograms obtained from
the 70'K condensation trap of Firing 1. In Figure 6 the air peak gives
a response at all M/e values 26, 28, 30, 34 due to N2 , 0 molecular

and their iso qpig+satellite peaks. CO2 gives a response at M/e
28 (CO+) and 30 (CIO01 ). The M/e 30 peak appearing after CO2 is due
to the (NO') from N 0 whose GC retention time is slightly longer than
that of CO (cf. Tagle I). The large M/e 26 ion is due to C2 H + the

acetylene molýcular ion.

Figure 7 depicts mass chromatograms for M/e 27, 34, 42, 60 ions along
with the TCD trace from the gas chromatograph. It can be seen that the
"lass spectrometer gives a very large response to components which are
not detected by the TCIJ or are buried in the noise. Thae M/e 60 ion is the

molecular ion of carbonyl sulfide (OCS+), while the ion at M/e 34 can
be attributed to the (S ,) fragment from this molecule. The molecular
ion of propene (C3 H16 +) gives the M/o 42 peak while one of the principal
fragments (C2H3 +) results in the 4/e 27 peak.

C. Quantitative Analysis

The quantitative analysis of the exhaust was complicated by the
fact that some of the components (CO, NO, N20) were present at such low
concentrations in the static gas samples that they were below the use-
able range of the TCD and are not detectable with the FID. Quantitative
data for Firing 2 (conducted in ambient air) is available for those
components which were present in sufficient concentration to be seen by
the TCD or were detected by the FID. The concentration of CO was
determined with an ultrasonic detector on a 3 m by 3 mm O column
packed with molecular sieve SA. The results are listed in Table III.
The concentrations of CO and C H1 in air were determined with the TCD.
The ratios of the other components for which data are given were
determined relative to C 2 H2 with the FID. These were then related to
the concentration in air via the concentration of C2 H determined by
the TCD. Typical FID and TCD traces from the quantitative analysis of
the static samples from Firing 2 are shown in Figure 8. The difference
between the relative amounts of the vaxious components in those traces
and in those from the liquid nitrogen cooled condensation traps should

be noted. The samples from the condensation traps show a large enrich-
ment in the high boiling compounds (those which appear at longer
retention times).

I[
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Figure 6. Mass Chromatogram: Ions at M/e 26,28,30,34 from
Gases in Cryogenic Trap - Firing 1.
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"M/e 42

SMM/e 27

M/e 60

M/e 34

Figure 7. Mass Chromatogram: Ions at M/e 27,34,42,60 from Gases in
Cryogenic Trap - Firing 1.
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TABLE III

RESULTS OF QUANTITATIVE ANALYSIS

Component Concentration (ppm)
Relative to Air (2) RI)

CO 15,S00 (1000)

CO2  5,500 380

CNCN 4 .25

OCS 4 .25

CH 4  21 1

C 2H 2+C 214 19 1

* C3H6ii
C3 H6 15 1

C 11<C38 <1 <. 1

Allene or Propyne <1 <.1

(1) R = (Concentration of component/concentration of CO) x 10
3

(2) From 12 rounds in containment vessel

244
42
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Figure 8. TCD and FID Traces from Quantitative GC Analysis of Ambient
Gases in Gas Containment Cyclinder - Firing 2.
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VI. THERMODYNAMIC CALCULATIONS

An attempt was made to calculate the final combustion products
with an equilibrium thermodynamig code named "BLAKE". This code is a
modification of the "TIGER" code developed by Stanford Research
Institute under Ballistic Research Laboratories (BRL) sponsorship for
detonation parameter calculations. (These modifications were made by
Dr. E. Freedman, IBL, to whom all inquires should be addressed). The
modifications to this code now allow thermodynamic calculations of
interest to gun interior ballisticians to be readily performed. Of
primary interest in this study were, of course, the concentration
results.

There are several comments to be made at this point. The library
of elements was increased to include inorganic additives such as
potassium sulfate. These ingredients are quite often ignored in
thermodynamic equilibrium calculations since they have only minoreffects on calculated performance parameters such as impetus, maximum

pressure, and temperature. From a toxicological point of view, however,
ingredients such as sulfur-containing compounds should be included. The
products library was also increased to include more of the experi-
mentally detected species. The library of final products is shown in
Table IV. It should be mentioned, however, that this library is by no
means complete, (NO2 and N20 4 are omitted) and remains to some extent
arbitrary.

In general, previous reports containing combustion exhaust
calculations have quoted only the constant volume explosion results.
It was felt that the normal gun combustion process, which is neither a
constant volume nor a constant pressure process, might be more closely
simulated by allowing the initial high temperature, high pressure
state to expand and cool. The initial product concentrations calculated
for a constant volume explosion are allowed to expand isentropically to
an arbitrary final state. For lack of a better criterion the composition
is arbitrarily considered frozen at the point at which the projectile
exits from the muzzle and the hot combustion products expand and are cooled
rapidly to ambient pressure. For the XM-19 rifle, this corresponds to
an expansion ratio of approximately 10. This is a slightly different
approach from that used by L. Stiefel in a recent Project West Report 7

.
His calculations give best agreemont with experiment if the equilibriumis frozen somewhere between 1000 and 5000 psi (6.9 and 34.5 MN/m

2
) for

typical rifles which corresponds roughly to the muzzle pressure at
projectile exit. The isentropic expansion assumption made in both cases
neglects any heat loss and kinetic effects. Time dependent kinetic
effects would result in composition changes lagging behind the assumed
instantaneous equilibrium. h1cat loss results in lower than calculated
temperatures possibly aggravating any kinetic effects. It is impossible
at the present time to predict accurately kinetic and heat loss effects
on the chemistry involved.

26



TABLE IV

LIST OF CHEMICAL SPECIES INCLUDED IN
THERMODYNAMIC CALCULATIONS

CO GAS S GAS

H 20 GAS 02 GAS

H2 GAS C2H2 GAS

N2 GAS C2H4  GAS

CO2 GAS CNCN GAS

KOH GAS OH GAS

H2S GAS CN GAS

NH3 GAS HS GAS

HCN GAS SO GAS

K GAS CH, GAS

CH 20 GAS H GAS

COS GAS KO GAS

NO GAS 0 GAS

SO2 GAS N GAS

CH4 GAS C SOLID

2I
27



Although the actual loading density of the XM-645 round in the
chamber is approximately .95, this value was adjusted in the calculation
to correspond with a more realistic maximum pressure. For the XN-645
a tiy-ical observed maximum pressure is approximately 45,000 psi (310.2
MN/m ). This corresponds to a constant volume explosion loading
density of .2S gm/cmý if the virial equation of state is used in the
calculation. In essence the chamber is expanded by allowing the
projectile to move to a point at which the new loading density willAI result in a reasonable pressure.

"VII. DISCUSSION

The exhaust gas components identified on the basis of GC/MS data
were (cf. Table II) CO, NO, CHI4, C02 , N2 0, if20, OCS, CNCN, C H, CIHA,
and propylene (C H). Some minor organic omponts detectei 9y t~e
FID (e.g. 6,7,9,h0,12,14,15 in Figures 4,5) were not positively
identified because of their low concentration or their elution closely
following a major component which rendered the mass spectra difficult
to interpret. Of these 6 is attributed to ethane on the basis of GC
retention time and minimal NS data, and 14 to propane, also on the basis
of retention time. Component 15 gave a mass spectrum which could be
attributed to either methyl acetylene or allene. Component 12 had a
retention time similar to HCN but corroborating MS data coulnot be
obtained due to the low concentration. Component S was composed of a
mixture of acetylene and ethylene with the former as the major component.
No evidence was obtained for the presence of H 2S in the exhaust.

A trace of ammonia was detected in an infrared spectrum (1 m
path length cell) taken immediately after sample collection. No
evidence for NH3 could be found in the GC/MS study. This can be
explained by reactions in the gas mixture prior to GC/MS analysis.
Typical reactions of this type would be (1) or (2).

(1) 2NH 3  + 2NO 2  - N2  + 1120 + Nil 4NO3 (Ref. 4)

(2) NH 3 + HCN - NH 4CN

NO was detected in low concentration in the GC/MS study while NO

was not detected. The low concentration of the former may be a resuli
of its rapid oxidation by atmospheric oxygen to NO at ambient temper-
atures. Analysis for NO 2 is at best very difficuli due to its great

reactivity (e.g. with GC column packing) and a tendency to be strongly
adsorbed on surfaces (e.g. on the walls of the sampling system or
GC columns),therefore, the presence of NO cannot be ruled out. The

2inability to achieve good analysis for the oxides of nitrogen is
unfortunate as the toxicity of these compounds exceeds that of CO.
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The Threshold Limit Value (TLV), the maximum permissible concentration
for 8 hr daily exposure in industry3

, for CO is 50 ppm. Formation
of these compounds is expected not only in the initial -ombustion
reactions but also in those resulting in the secondary flash.

The quantitative analysis proved to be quite difficult. Several
components (NO, N2 0, and OCS) could not be determined because their
concentrations were well below the limit of the TCD and the FID does
not respond to them. The concentration of OCS was estimated from the
mass spectrometric data to be roughly equivalent to th-t of CNCN.

The major component of the exhaust was CO. Its concentration
relative to air within the confinement vessel after firing 12 rounds
is listed in Table II. The concentrations of the other components for
which quantitative analyses were possible are also listed as a ratio
of their concentration relative to that of CO.

The major components of toxicological interest are CO, OCS, and
CNCN. The T'V values of NO, NO2 and N203 are 25, 5 and - 8
respectively . That for CNCN is 10 ppm while that for OCS has not been
established but should be somewhat higher than that Of II S (10 ppm) .
At a concentration of 100 ppm for 15 hr or 900 ppm for 1 r, CO produces
"severe distress" and becomes lethal at 4000 ppm (- 1 hr)

3
. It can be

concluded from the quantitative data that in a confined environment
toxic levels of CO concentration should be reached long before
the concentration of OCS or CNCN becomes significant. This conclusion
is made somewhat tenuous by the lack of data comparing the relative
toxicity of these compounds and effects of prolonged low level exposure.

Other gases such as ammonia and the oxides of nitrogen can produco
irritation at concentrations below their toxic levels. Unfortudately
quantitative data for these compounds were not available from the
present study (vide sura).

It is possible that higher molecular weight compounds which might
produce irritation may be present in the exhaust as an aerosol. Verifi-
cation of this is beyond the scope and limitations of the present work.

A comparison of the calculated results normalized to carbon monoxide
with experimental concentrations shows rather interesting trends
(Table V). CO2 ,2 COS, and CH4 experimental values agree quite well with
equilibrium results. (For details of the output see Appendix D).

A major puzzle is cyanogen, CNCN. The measured value is about five
orders of magnitude higher than the calculated results. One explanation
is the possibility that it is formed extraneous to the gun combustion
process. A more likely explanation is that CNCN, a thermodynamically
unstable molecule, may have a very high activation energy for any
further possible reactions. Its concentration thus increases once it
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TABLE V

COMPARISON OF EXPERIMENTAL AND CALCULATED PRODUCT
CONCENTRATIONS FOR X-2374.13 PROPELLANT*

Calc. Measured** Calc. Measured**

CO 1000 (1000) C2 H2  2.86 x 10"5 >1b

H 20 476 dnma C2H4  3.80 x lo-5

H2 389 CNCN 1.57 x 10-8 .25

N2  289 dnm OH 5.97 x 104

CO2 364 380 CN 1.45 x 10-8

KOH 3.34 [IS 3.73 x 10-3

H 2S 1.65 SO 8.27 x 10-5

NH3  3.66 x 10I dnm CH3  2.28 x 10-4

HCN 3.69 x 102 dnm. H 1.01 x 102

K 1.97 x 101 KO 8.43 x 10

CH 20 1.98 x 10-2 0 1.28 x 10-8

COS 1.18 x l0o1 .25 N 3.10 x lo" 10

NO 1.08 x i0-
5  

dnm CsH4  (NI)c

SO2 3.3S x 10- 4  
C3 H6  (NI) .1

-1
CH4 3.56 x 30 1 C3H8 (NI) <.i

8.29 x 10 6  
C2 H6  (NI) dnm

02 7.27 x 10 dnm"

* Values are normalized to CO. [(Concentration ofC component/

concentration of CO) x 103 ]

** See Table III

a. Detected, but did not quantify.
b. Measured value includes both C2 H2 and C2H4

c. Not included in these calculations
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is formed and does not participate significantly in further equilibrium
processes. This may very well be a typical ex~mple of kinetic lag.
It is interesting to note that in Project West essentially similar
results wero found. The calculations also indicate the presence of

Asignificant amounts of H S, HCN, SO and N11, which were either not
quantitatively identified or not defected. A(s is usual in most
experimental investigations of this type a negative result does not
necessarily indicate the absence of a constituent.

VIII. CONCLUSIONS

The results of this study agree with those of Project West 1
Carbon, monoxide is the major volatile exhaust component of toxicological'1 importance in a confined environment. other toxic gases such as OCS
and CNCN are present to less then 0.1% of the CO concentration. The
lack of adequate data on the relative toxicity of these compounds does
not permit them to be totally disregarded and work to provide this
information is needed.

Gas chromatography/mass spectroscopy combined with cryogenic
enrichment techniques has proved to be a powerful method for qualitative
and quantitative analysis of complex gas mixtures. Further development
of cryogenic enrichment techniques combined with a detector more
sensitive to inorganic gases than the thermal conductivity detector
should facilitate tho quantitative analyses.

Mass chromatography has also proved to be a powerful technique
which has the potential of providing both quantitative and qualitative
data. The principal problem is one of data acquisition and reduction
of large quantities of data. In addition, thermodynamic equilibrium
calculations can be quite useful in the qualitative prediction of 4
exhaust constituents. Quantitative predictions are, however, of some-
what more limited accuracy and discretion must be exercised in their
use.

Future work should combine real-time analytical methods, such as (
those currently being developed for air polution monitoring, withtechniques such as those discussed here. Analyses should be conducted
Due to their high toxicity , furtber attention should be given to the

h analysis of the nitrogen oxides in weapons exhaust.

IX RECOMMENDATIONSB
3 Gun exhaust is toxic. Due care and consideration must be

exercised by weapons system designers when guns are to be mousnted in
vehicles or aircraft. Proper exhaust arrangements must beprovided5 in these cases.
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GLOSSARY

GC Gas Chromatography

MS Mass Spectroscopy

TCD Thermal Conductivity Detector

FID Flame Ionization Detector

amu Atomic Mass Units

CO Carbon Monoxide

NO Nitric Oxide

CH4  Methane

C02  Carbon Dioxide

N20 Nitrous Oxide

NO2  Nitrogen Dioxide

H20 Water

"CNCN Cyanogen

OCS Carbonyl Sulfide

HCN Hydrogen Cyanide

H2S Hydrogen Sulfide

C2 H2  Acetylene

C 2H 4  Ethylene

C2H16  Ethane

C3116  Propylene
C3 H8  Propane

C3H4 Propyne or Allene
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APPENDIX A

A. Composition of X-2374.13 Propellant*

Component Wt. % 1 of Total Wt.**

Nitrocellulose 85.0 82.6

Nitroglycerine 9.4 9.1

Diphenylamine 0.9 .88

Dinitrotoluene 0.7 .68

Dibutylphthalate 2.8 2.7

Potassium Sulfate 0.5 .48

Moisture & Volatiles 0.7 .68

Weight 1.3 grams

B. Composition of Piston Primer*

Component Wt. % % of Total Wt.**

Lead Styphnate 37 ± 5 1.02

Tetracene 4 ± 1 .11

Barium Nitrate 32 ± 5 .89

Antimony Sulfide 15 ± 2 .41

Aluminum Powder 7 ± 1 .19

PETN 5 ± 1 .14

Weight = 0.037 grams 2.8

Total** 1.337 grams 100%

Nominal composition

** Total weight of propellant and primer I
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APPENDIX C

Concentrations of Exhaust Gases From 7.62mm Machine Gun*

Component Concentration (ppm)** Concentration Relative
To CO (X10

3
)

CO 44,700

CO2  9,800 220

Nff. 90 2

HCN 90 2

CNCN 134 3

OCS 2 .04

CH4  670 15

C2H2  90 2

*From ne~Jefrce 1

** From 100 koundb fZAed in N2 atmosphere

k
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