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SXPLORATORY ANALYSIS OF VAPOR IMPURITIES
FROM TNT, RDX AND COMPOSITION B

HY

W.F, O’'Reilly, T.F. Jenkwns, R.P. Murrmann, D.C. Lecgett and R, Barrierra

INTRODUCTION

Locatine mlitary explosives and mines by sensimg vapors cmtted mto the um’ibspln-n- 18 an
approach to detection that s currently under investisation,' * Y In vunsidorurfi this concept,
1t 1s envistoned that the explosive vapor itsell, vapors from wpurities w the solid explosive, or
volatile decomposition products of the explosive will form a umque chemical signature. However,
very hirtle s actually known of the composition of vapors from military explosives, Even values
for vapor pressure of the explosive airterial m the ambient temperature cange’ 7 have been extrap-
olited from data obtamed at elevated temperature.® ' This general absence of pertinent inform-
tion relevant tothe development of trace sas detection svstems 1% in no wav due to a lack of
mterest i this area,' v but rather to the fact that unnl recently techniques and instrumentation
have not been avatlable with sufficient sensitivity to analvze explosive vapors dt extremely low
concentrations, Decompostiion products such as mtrogen dioxide, nitrous oxide, carbon dioxide
and vartous ring-structured byproducts have been studied,* * as have explosive components w the
solid phase.' © The identity and consequent behavior of those components and impurities in the
vapor plase have, however, not been extensively studied,

This mvesticattion was urdertaken to dentity the components i the vipor from militay
explosives: TNT, RDX and composition B, Initially, artempts at positive identification were made
using vas chromatoeraphic ‘mass spectrometric methods. Later work was conducted on an explor-
atory basts usig onlv was chromatographie techniques with higher sensitivity in order to provide
i basas tor more refined stadies an the future,

MATERIALS AND METHODS

Description of samples

Samples of TNT, RDX and composition B (10" TNT, 597 RDX and 1" wax) were provided tor
this study by MERDC.* The characteristies of the samples are summarized m Table 1L Part of
the RDN sample, origmnally in the s1ze of ehips, was gronnd so that analysts was condueted on two
tvpes of RDX. The selection of the samples was based on a previous experiment condneted at
MERDC! i whieh it contions weaght loss of the explosive matetial was observed al room lemsera-
tre, Ths sehicated the possility that constituents i the vapor emitted by the samples night

sCharles L Collins, Mine Deteetion Division, USA MERDC, Ft, Belvor, Va.
Persomal commumeation, Charles 1, Callins,



23

ANALYSIS OF VAPOR IMPURITIES FROM TNT, RDX AND COMPOSITION B

Table I. Explosive samples.
Charles 1, Colhins, USA MERDC, Ft. Belvow, Va,
Sonree of samples: Preatinny Arsenal,

o

Sampie ] Lot no. Description
RDN HOL-SR-4.4624 Course form
TNT BC.3476 Grade 1
Composition B 40471 Gradee A

tndeed be detectable, Whitle the samples were stored i closed contatners, no unisual provisions
were made at CRREL to prevent adsorption of contaminants from laboratory air. This precaution
was thought to be unnecessary siee the explosives had apparently received no special handling
since munutacture.

Collection of vapors

One gram of explosive material was placed into the ceuter of o 12.6-mm-0OD by 15.24-cm-long
quartz tube. To secure the sample, the open ends of the tube were plugzed with silanized glass
wool. The tube was Nnitted using Tetlon ferrules and equipped with two stiinless steel Whitey
valves 1o provide gis ttow control (Fig. 1), A helium source was connected to one valve while the
outlet valve was connected directly to the mlet of a gas chiromitograph. A tubular heater was used
around the quartz tube to provide temperature control during experniments. Before the sample was
placed in the tube, the entire assembly was baked out at high temperature and tested at 70°C using
the same analvtical procedures as for sample analysis. This was to minimize the degree of back-
ground contamination. After a sample was placed in a tube, the tube was flushed with zero helium
for several minutes. The valves were then closed for one hour to allow accumulation of vapors
from the explosive, after which the vapors were transterred by helium flow directly to the head of a
chromatographic column maintained at =75 C. Initially, the explosive was maintained ar room
temperature (25°C). The entire sequence was then repeited with the sample at 70°C in order to
inerease vapor concentration for detection purposes. This temperature is below the melting point
ol “he vartous explosives. The same sample was used and the sample assembly mamtained intact
throurhont the amalvsis sequence to provide compatibihity of results and avoud contamination by
Labar, 0 g atter wttation of the analvsis procedure.

}.v"w:" e C . 3

& MNP . 'n
L )
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’ " ‘\/‘ N wdo .gl ‘ w1, (‘hr.me?j'nquwhw
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Figure Lo Inlet svstem for transfer of explosive vapors to gas
ehromatograph,
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Figure 2. Experimental arrangement for analysis of explosive vapors:
GC/MS (top), GC (bottom).

Sampie Gos
Chromaregraph

Analytical procedure
The three stainless steel chromatographic columns used were:

1. 0.61 m - 0.318-cm-OD tubing filled with 100-120 mesh Porapuk-Q*
2. 2.7% m . 0.318-cm-OD tubing filled with 100-120 mesh Durapak* (Carbowax 400 'Porasil C)
3. 0.91 m « 0.318-¢m-0OD tubing tilled with 15 percent DC-200t on 100-120 mesh Anakrom Abs.

These columns were selected for their ability to separate different classes of compounds. The
Porapak-Q column will separate water and its performunce is not degraded by water. [t is usetul
for analysis of some inorganic gases as well as organic compounds in the C,-Cq molecular weight
range. The performance of the Durapak column is not seriously affected by water but water does
not elute as a defined peak: however, this column is useful for analysis of compounds in the C,-C,,
hvdrocarbon range and also for C,-C, alkvlated aromatics. The DC-200 column was selected for its
ability to separate aldehydes, ketones, other oxygenated compounds, and higher molecular weight
hvdrocarbons. The Porapak-Q column was programmed to inerease temperature at 4 degrees per
minute from -75°C to 170°C. The Durapak and DC-200 columns were programmed at the same rate
from -75 C to 130°'C and 170°C, respectively. Each column was heated at its final temperature for
at least one hour and a blank run conducted before another explosive sample was run.

During the course of this work, two different instruments were used. The fitst was a Perkine
Flmer 270 gzas chromatograph/mass spectrometer (GC/MS). The GC'MS is equipped for continuous
scanning of the GC etfluent with on-line computer processing of MS data (Fiz. 2). The advantage
of this instrument is thit positive identification can be obtained by comparing miss spectra ob-
tained for components eluted from the pas chromatograph with Iterature values, The sensitwvity
of the instrument, however, is lower than that of some other tvpes of gas chromatopraphic detectors,
The second instrument employed to obtain higher sensitivity was a Perkin-Elmer 900 pas chroma-
tograph with both a flame ionization detector, which is highly sensitive to all organic compounds,
and an electron capture detector which is ultrasensitive to electrophilic compounds suefi as ose
containing nitro groups. At this stige of the studv no attempt was mide to identify these compounds,
Rather, the intent was to determine whether other components were present at levels helow the

*Waters Assoc., Inc., Framnghiom, Mass,
thoweCorntmg, Mudlind, Mich,
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detection hmit of the mass spectrometer, The pas chromatograph was configured to split the efflu-
ent from the chromatographic column 1:1 to each type of detector. Use of the two detectors n
parallel s an advantage in that relative responses give additional mtormation thout unknown coms
ponents, I

7

¢ /

RESULTS AND DISCUSSION

Gas chromatograms typreal of those obtained for each tvpe of sample and analvriead procedure
are shown i Appendix A (Fue, A1A7). The chromitostams obtatued o 25 Cand 70 C for each
explosive using a given analvtical column are ahgned for purposes of comparison with that obtiained
at 70 C tor a blank run without sample. Peaks believed 1o represent componnds onginating from the
explosives are shaded to distinguish them from those due to backzround contamination indicitted by
the 70 C blank run.

The clromatograms obtained usmg the gas chromatoeraph mass spectrometer System e given
G Freure Al Using the Porapak-Q (PPQ) column, carbon dioxide id witer were detected i the
vapor from all samples in amounts in exeess of those found durine blank runs, The most water and
vitrbon doxide was evolved from composition B and the least from RDX. This ditference may only
retlect factors such as sample surface area or porostty. At 70 C, natrous oxide (N,0), presumably
a decomposition product, was detected from RDX and conposition B but not from TNT. While no
N0 was observed at 25 C, data obtained later using the higher sensitivity electron capture detector
sug.ﬁvst that N,O0 15 evolved at room témperature even ctom TNT. Usmge the Durapak columm, no
compounds were observed exeept for one unidentified component from RDX at 70 C whiceh appeared
from the mass spectram to be an alcohol, Using the DC-200 column, evelohexanone was posinively
wdentified from mass spectra of vapors evolved from composition B it 70 C but no evelohexanone
could be detected at 25°C. More evelohexanone was evolved from the chip torm than from the gronmd
form of composition B, Since the chips were used to make the ground form, the lower concentration
of evelohexanone 1 composition B (ground) was probablv due to more volatilized loss during storage
hecause of the higher surface area. A small anount of evelohexanone was also detected from the
RDX at 70 'C. The occurrence of cvelohexanone in vapor from composition B could be of consider-
able swnificance in development of a4 mine detection device, Cyelohexanone is used in recrvstallie
st and, consequently, 1t s a common impurity of RDX." While this *‘tae’ is present in sohd
cogspesation B, it would be difficult to design a high sensitivity detector to discrinnate evelohex-
anote o other orgamie compounds.  However, cyelohexianone 1s anigue in the sense that it is not
o uaturalls oceurrmg trace gas present in the atmospherse, To further eviduate the potential of
evelohesamons as a *tag,”” the amount of cvelohexanone commonly evolved from composition B and
vompo-1tton B clureed mines should be determined,

The senults of the GC/MS work indicate that the meajor vapor constituents evolved from TNT,
KDX and compe-t1on B were carbon dioxide, water vapor and mitrons oxade, C_vuln_libxmmw wis
also emitted by composition B and, to a lesser extent, by RDX. However, 1t 15 not known whether
e evolution of the-e components could account tfor the contintons loss of weight observed for the
samples.t The absence of more peaks in the vartous chroncdosrams does not mean that other
unpurity compound< were not present 1 the vapor. Rather, it more hkelv means that additional
compounds were prosent i concentration levels below the detection limit of the mass spectrometer
total 1on monitor, abouwt 10°7 srams. The retention characteristies of the analvtical colunms used
n this study are given in Appendix B, These compounds were used for column calibration and
represent maty of the tvpes of chemieals which would have boen detected it present at sufficiem

COncentration,

*Porsonil communieating, Charles 1, Collins,
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Although vapor tfiom the explosives was analvzed sunltanronsiv usinge both ll;um/~ 101 248 ton
ad elecmon capture detectors, it was not practieal, becanse of the complexity of the chromatosrams,
todisplay the response of the two detectors together i the same dinsttation. Accordingly, chtoma-
toutams obtaied using the flame 1omizanion detector are wouped i Fremes A2-A 1 while those from
the electron capture detector are epresented by Fuares A5%A7. With the PPQ columg (B, A
no peaks wete observed that could not be accounted for by hackw outdd contamnanon idwceated by
the blank chromatowiam, s the Dugapak column, no compounds wete obsetved whieh could twe
attaabuted o the sample of TNT Pz, AL, For the RDX and composttion B samples (e Adh-d),
however, two peaks at longer retention fines were found at 70 C which obvionsty onginated ltom
the samples, Jodeing trom the peak area, The amonnt of these two compounds i the ground
composition B was about a tactor of 30 hagher thin i the vapor trom RDXL The concentration
the vapor from the composition B ehips was a factor of 10 sreater than observed for the cround
composition B, In the sample of ehips, one compound was clearly evident even at 25 Co When the
D200 column was used, 4 substantal uaniber of peiaks were present tor all sianples, both a 25 ©
atd 7O C (F1e, AD Winle the eftort requuted to wdentafy these peaks wis bevond the scope and
tesoutees avaalable for tins project, 1t s beleved that evelohexanone 15 tepresented by the Luge
taaling peak  the center of the chromatozrams tor RDX amd composition B, This peak 15 presem
at 25 C for both RDX and composition B ctups wdicat ing that evelohexanone can be detected at
ambrent tempetature. Inaddition, several other organme compounds have heen detected tn the vapor
from the explosives and are detectable af the sensinvity of a flame wmzation detector. Thus, with
the tlame detector, 1t 1s feastble to deteet these compounds, although a more detaled study s re-
quired tor dennification,

In using the electron capture detector, the complexity of the chronatocrams nereased consuder-
ably m conjrnetion with higher detector sensitivity, A caswitl glanee at the chromatograms obtaned
tor blank runs shows thit contiumnation wits 4 problem. The poaks are probably due 1o treons and
othet electroplithie compounds present 1 teace gmounts i the purge 2as ased to transfer vapor to
the chromatoeraph et Using the PPQ column (Fre. AS), most peaks can be accounted for by
contamination. The exceptions are the first peak at short retention tune for both composition B
samples (K2 Ade, @) and the Tast peak at the loneest retention time tor all tvpes of samples. The
matid peak observed for vapor from compostnion Bas thought to represent aitrous oxide observed
earlier using the mass spectrometer detector. Waiththe Durapak column there was httle evidence
for the presence of impurtiies i vapors tom the explosives exeept for the case of the compositon
B samples (Fig, Abe, db where higher moleculat wesht compounds are indicated at longer retention
tumes. A number of peaks woere observed for vapor from all samples when the DC-200 1';)illlml ‘Wis
used. The fiest peak e each chromatouram ts prohably due 10 nitrous oxude,  Peaks ut/lnn;:m'\ e
tegtion times are amdentitied, Based on retention time criterta, some of these peaks were initally
thousht to be due to DNT and TNT 1soneets detectable in TNT vapor'™ bt thetr appeiranee i vapor
trom the RDX sample disnpsses this possihihty, The lose similarity in appearance of the chro-
matogrims of all of the siamples seems to iHustrate another tvpe of contamnation problem. Al-
though some of the peaks undonbtedly represent vipors unigque (o i iven explosive, miny other
vompounds are probably die 1o adsorption of vapors by the exploswves after manutacturing - Thus,
care must be nsed to different site between compounds that are an integral part of the solid explosive
marrix and those thigt result from expostre of the explosive following manutacture, Nevertheless,
these results tHustrate the presence of trace impurities i explosive vapors amd show that analvsis
of explosive vapas using electron capture and flame 1onization detectors 1s possible, provided that
extreme care 15 used i development and application of proper analyvtical procedures, and that te
npottance of sample history 1s appreetated.
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APPENDIX B. RETENTION CHARACTERISTICS OF CHROMATOGRAPHIC

COLUMNS FOR ANALYSIS OF ORGANIC COMPOUNDS

Table Bl. Retention characteristics of Porapak Q chromatlographic column.
Flow rate 20 mslliliters/min, temperatuwe -75 C to + 150 'C, progam rute 10 C/mun,
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Table BIL Retention characteristics of Durapak Il chromatographic column.
Flow rate 20 millilters/min, temperature =707°C to o 130°C, program sate 10°C/min,
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