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' EXECUTIVE SUMMARY

This report describes the chemical and physical properties of the
aerosol produced from the combustion of a red-phosphorus-sodium nitrate
(RPNO3) formulatfon msed in the AMB1Y mortar round, The aercsol was
generated by burning fragments of the material in a convective afr
flow. As it was generated, the smoke was delivered to a 0,3 cubic
meter exposure chamber from which samples for various analyses were
taken. Generation and collection conditions were similar to those used
for two other phosphorous obscurant sources, red phosporus-~butyl rubber
(RPBR) and white phosphorus-felt (WPF), to allow direct comparisons
bstween the aerosols, The RPNO3' material was also analyzed for
composition and impurities. ,

The formulation was found to be uniform in weight, density, and
composition of phosphorus, extractables. sodium, nitrate, and silica.
An epoxy binder present in the material was uniformly polymerized,

.containing no unreacted rasin detectable by infrared spectroscopg.
El:mf:ta1 impurities were determined to be less than 0.1 percent by
weignht, S

SharLan _'Lc - : )

Aerosol particle sizes measured by cascade impactor techniques,

- wWere within the respirable range, having median diameters slightly less
than 1 im, The composition of the aerosol was found to be primarily
ortho-phosghoric acid, polymeric phosphoric acids, a:d water, The
highest polymeric phosphate was P13, These results are very lar to
those obtafned for RRBR and WPF under the same burn cond{tions. The
organics in the RPNO3 were essentially completely-burned as indicated
by the low concentrations of organic--compounds deteramined in the
particulate ond vapor phase. STraces of carbon monoxide, nitric oxide,
and nitrogen oxide were present in the gas phase. Nftrogen dioxide was
slightly above NIOSH toxic1t{ limits (maximum allowable exposure for
short term exposure), Overall the smoke generated from RPNO3 was found
to be very similar-¢0 the aerosols from RPBR and WPF,
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. aerosol, In Section II, the chemical and physical properties of th

INTRODUCTION

The XMB19 Red Phosphorus (RPNO3) 1s a mortar round using a
newly-developed formulation for the production of an oobscurant smoke
cloud. The {11 material consists primarily of red phosphorus, sodium
nitrate, and an epoxy binder in approximately an 80:14:6 percent weight
ratio., It 1s manufactured by blending an epoxy resin (Epon 828),
curing agent (Versamid 140), and solvent (acetone) with powdered red
phosphorus and sodium nitrate, The resulting slurry {s partially dried
and than granulatad -with approximately 1 percent colloidal silica
(Clb-O-Sﬂ?. The mat~rial 1s arcszed into wedges and final'l{ cured at‘
an @levated temperature to polymerize the epoxy resin. he final
nroduct is a hard cake (4 segrents make up a 2.85 in, diameter disk, 1.
In. thick). Each mortar charge contains a total of 28 wedges (seven
layers of four wadges each). When the charge {is detonated the wedges
ignite and disperse to burn in the air and on. the ground to produce an
obscuring cloud. '

Section 1 of this report concerns 1itself with analyses of the
unburned material, These analyses were pertormed to measure anyd
deviations in the gross composition from the specifications, to
determine the homogeneity of the RPNO?‘ wedges, and to detect trace
impurities that might contribute to the toxicity of the combustion

aerosol atmosphere formed when RPNO3 {s burned under controlle
conditions are discussed. Comparisons are made with similad
phosphorous aerosols from red phosphorus-butyl rubber (RPBR) used 1
the L8ALl grenade and white phosphorus-felt (WPF) used in the MB25 13
mm artillery round. Each section includes a brief description o
sample preparation, collection, and analytical methodology.

I. Characterization of Unburned RPNO3
. The RPNO3 used in all ex;'uMments w.as obtained from the U,S. Ar
Chemica) Research and Development. Center (CRDC), Aberdeen Provin
Ground, MD. The hazardous component safety data sheest for the RPN
formulation 1s given in Appendix 1. :

Physizal Properties of the RPNDy Wedges

. Wedges of RPNO3 with and without Cab-0-S11 were obtained fro
CROC. The avorugo-wught of the 50 wedges received cuntaining silic
was 43,341 ¢ 0,295 grams while the average weight of the 49 wedge
without sfilica was 43,492 ¢ 0,343 grams. The material containin
fab-0~511 was only s1ightly more dense than that without (1.769 £ 0.00
grams/m. as compared to 1,759 ¢ 0,004 grams/mL}. Density measurement
were also made oun fragments of wedges within each group. The value
which are tabulated below are very similar to thos~ obtained for the
whole wedges,

___________________________
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Table ! Y

: : {
Cansity of Wedge Fragments

Containing Cab-0-511 ' Without Cab-0-sil

| Fragment Density Fragment Density
h Wedge {grams/m.) - WNedge (grams /m. )

B 1.768 - ' o 1.738
| o 183 1 o 1.7¢7

| : 1.789 . 1763
2 1,772 .2 | 10748
- 1778 1,781

Lo : 1,772 ' : : 1.749
3 1,741 ' 3 1,756
4 o - 1.770 . 1.749 _ T

mean 1766 S 1780 -
std. dev. 0.010 ' 0007 :

. Yisual examination of fragmcnto¢ RPNO3 material did not reveal internal 3}23 |
! voids or other evidence of physical inhomogeneity. ' iy - @

Chemical Analysis of RPNO3 - : - ‘ O wad

To estimate compositional variability, total phosphorus and sodium e
nitrate determinations were made on samples randomly selected from the s
Tot. The samples were initially crushed under 11quid nitrogen and then
ground to particles less than|20 mesh in size. The \11u1d nitrogen
prevented accidental ignition due to the generation of frictional heat
in crushing and grinding. A, portion of the ground wedge or wedge
segment was then taken for analysis,

l Phosphorus. Phnsphorus was determined gravimetrically using .
. standard analytical procedures. The results are presented in Table ' e
1I. The mean values are ca. 3% lower than the manufacturing specifica- :
tions (78.7 and 79.4 percent with and without silica, respectively),
. We note that, previously, an examination of reagent grade red.
phosphorus also gave lowar than expected results (1). We can suggest ' ;
two possibilities for the d'screpancy: an unexpected negative bias in e
the analytical method or unaccounted for {inpurties in the source red o
ﬁ + phospharus. Red phosphorus could easily develop a hydrous oxide layer : O
on its surface by partie) oxidation at room temperature which would L
lower {ts overall phosphorous content. Similarly, 1f oiled red
phosphorus were used in the preparation of the formuldtion low results

gy
L 4

b
v
y
s
-’

X

oSl O T e e

a.,,,,
N

.......................

R

t
; . L i Chao . - .
- . : ' > We, . - Lo . . ) o
humm—‘uwmm‘mmu.uw_L..'AAAMJAHAM;M.!A.;“.WMMMLMM".‘.x. CSCRPIRTETRNY | VPRI T VU PR NI



would be expected. The method, however, 1s satisfactory for
determining relative differences in composition and the results for the
RPNO3 formulation show no major variations for phosphorous content

either between wedges or within a given wedge.

Table I
Percent Phosphorus in RPNO3

Wedge ' Wedge Segment Percent Phosphorus by Weight
Katerial Containing Cab-0-Si1
1 74.03
2 75.79
k} 75.30
a 75.60
4 b 73.96
| ¢ 75.02
| 5 b 69.88
| ¢ 75.94
mean 73.70
std. dev. 2.9
natof1a1 Without Cab-0-S1]
| 1 75,42
| 2 76,82
| 3 21
a 76.08
4 b 75.54
¢ 75.27
‘ a 75,82
] b 76.13
(4 15.17
|
B mean 75.67
std, dev, 0.72
‘V
|
’ 9
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todium Nitrate. Sodium nitrate content was estimated by aqueously
extracting the salt from the raw material and weighing the dried
filtrate., These values were then cor-ected for any phosphoric acid
found "in the extract to ¢liminate errors in measurement dve to acid
adsorbed onto the powdered RPNO3. At normal temperatures and
humidities, red phosphorus slowly reacts with water vapor and oxyos: in
air to form & mixture of oxo acids (z‘. Adsorbed acids and wate: vapor
would increase the weight of the sample and introduce an error into the
:e;ghtr{?rcent value of che residue, The results are presented in
. ‘ . - ' )

Table IID
Estimated NaMO3 by RPNO3 Extraction*

Total

‘Wedge Wedge Fragment Filtrate Residue Phosphate Corrected NaNO3

Materfal Containing Cab-0-$11

1 15.00 0.90 14,10
1 14,97 0.91 14,06
2 15.07 0.93 14,14
2 16.14 0.87 4,27
3 15.18 0.80. 14.38
3 15.15 0,82 14.33
4 15.32 0.92 14.40
P 18,47 0.87 14.60
5 15,02 0.97 14.03
5 14.98 0.97 14.01
a 15.30 0.95 14.35
N 15.30 0.99 14.3.
3 b 15.20 0.95 14,25

6 b - 15.30 0.99 14,33 -
¢ 15.18 1.07 14.13
c 14.70 1.07 13.63
ma3q - 15,14 0.9%4 14,21
s, A, 0.18 0.08 0.22

10



Table 111 (Cont'd)
Estimated NaNO3 by RPNO3 Extraction®

Total
Wedge Medge Fragment Filtrats Residue Phosphate . Corrected NaNOj

Material Without Cab-0-511 _
1 ' 14,70 0.57 14,13

2 14.60 0.54 14.06
2 14.60 0.55 14.08
3 14.40 0.70 . 13.70
3 14.60 . - 0.67 13.93
. 14.20 0.69 " 13.51.
4 13.90 0.59 13.31
N 14.40 0.59 . 13.80

5 b 14.30 0.65 13.70
¢ 14.60 0.65 14.00

a 13.90 0.84 13.06

a 14.10 . 0.86 13.24

6 b 14.40 0.7 13.69
b 14.60 0.71 ©13.89

¢ 14.40 . 1.00 13,40

mean ' . 14.38 .69 13.70

 *Values reported esmrarcent of total wefight. Analyses performed 1in
duplicate as indicated.

A more accurate determination for NaNO3 was obtained by analyzing
the extract for both sodium and nitrate and then calculating the amount
based on the concentration of each, This data 1s shown in Table IV.
The NaNO3 values based on these separate determinations are in close
agreement with each other. The average values, however, are s1ightly
lower than indicated ir the manufacturing specifications (i.e., 13.89
and 14,02 percent NaNO3 with and without silica, respectively). The
values are also Tower {han the weight of the extracted residues. Since
a simple extraction procedure may also remove other impurities, the
direct analysis is expected to be more reliable. Either of tLhe

n




methods, however, 1s adequate for examining compositional variation, . ‘
The combined data show that the wedges are very similar and uniform in :
NaNO3 rontent, '
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" Table IV
" NaNO3 Ostermination in RPNO3*

]
Ty

' s 0 T
y ’."

7

. AN

Percent NaN03 . Parcent NaK0j
Wedge Percent Na From Na Percent N03 __From NO3__
£ - - |
.- Haterial Containing Cab-0-511
‘.'. . . '
: 1 3.51 12.98 8.9 12,05
1 3.58 13.22 8.92 12,23
{ 2 3.31 12,25 8.99 12,32
: e 3,84 13,07 9.10. 12,48 - , !
3 3.46 12,80 9.05 12,40 '
_ 3 2.98 11.01 8.42 11,54
¢ , meAn 3.40 12.56 .88 12.17
- o
. !
| Haterial Without Cab-0-Si) , }.
1 3.18 11.68 8.5¢ 11.70 R
1 3.50 12,92 8.48 11,60 {
2 3.41 12,60 8.57 11,75 |
H 9 3 2.38 8.80 8.61 © 181 ’
1 5 3 3.36 12.44 8.63 . 11,83
ﬁ:ﬁ mean 3,17 11,70 8.53 11.69
2 std. dev, 0.41 1,50 0.11 0.15
1 ' ‘ »
y *buplicate analyses performed us indicated.
>
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Unpolymerized Epoxy Resin. The epoxy binder {5 formed by reacting
the resin with a curing agent. It not only binds the other material,
allowing it to be molded into a solid mass, but 1t also imparts

mechanical strength. The resin, Epon 828, 1s a commercial product of
the diglycidyl ether of bisphenol A with the following structure:

x. of @ @]@g@"‘

2,2-bis-[p=(2,3~epoxypropoxy)pheny1]=-propane

It 1 composed primarily of the dimer (N=1) (85-90 percent) with higher
oligomers present as the remainder, Versamid 140, the curing agent, is
} futzg polyamide formed by reacting tall o) dimerized fatty acids
with diethylenetriamine. A three dimensional polymeric network is
formed when the two are mixed and heated at an elevated temperature.

The extent of the “cure” or crosslinking is dependent upon the mole

fractions of the reactants, temperature, and other reaction condi-
tions, Crosslinking occurs at the highly reactive epoxide sites .by
coupling with the polyamide and involves opaning of the epoxide ring.
8y monitoring the 3-1’mborod epoxide ring vibration in the mid-infrared
region at %14 cw=i, the extent of the cure or the amount of
unpolymerized resin can be determined.

Samples for epoxy analysis were prepared by grinding an entire
wedge and blending the powder with potassium dromide in a 5 to 50
percent (w/w) mixture. Diffuse reflectance fourfer transform infrared
spectra were recorded on a Digilab ¢FTS-20C spectrometes, A sample of
Epon 828 was received from Shell Chemfical Company, Houston, TX, and
Versamide 140 wos obtained from Hankel Corporation, Charlotte, NC.

Spectra of uncured Epon 828 and a 1:1 (w/w) mixture of Versamid

"140 and Epon 828 hardened overnight at 115°'C are srown in Figures 1 and

2, respectively, The absarption band at 1508 cm~} due to benzene rin
vibrations 1s not affected by polymerization while the hand at 914 cm
decreases as the resin {s cured. The spectrum obtained from powdered
RPNO3 {s shown in Figure 3. There 1s no discrete peak at 914 cm-

although there is some background absorbance. Extraction of NaNO3 from -

the raw material does not reduce the background in this region. By
adding varying -amounts of Epon 828 to RPNO3 and recrrding the spectra
(Figure 4) an increase in the 1nsorpt10n ai $14 cm=} can be observed.
When the absorbance at 1508 cm™! has {ncreased by 10 to 20 percent due
to the additions of Epon 828, the band at 914 cm~l due to the epoxide
ring becomes apparent. The minimum quentity of Epon or the amount of
unreected resin which can be detacted in the RPNO3 material corresponds

13
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to the concentration represented by this increase at 1508 eml, Since

-Epon comprises 3,2 percent of the wedge material by weight, the

detection Vimit {s 0.15 x 0,032 per gram of wedge material, or 0.5

- percent of unpolymerized resin in the wedge. The concentration of

unreacted resin in RPN:)a was estimated to be less than 0.5 percent,
since it was not detected by this method. :

Trace Elements. A semiquantitative measure of trace elements in
the wedge material was obtained by emission spectroscopy and a more
accurate measure of selected elements of known toxic potential was
obtained by atomic absorption. The data are presented in Tabie V. The
total concentration of all the elemental impurities was less than 0.1
percent of the weight of the material. Elements which are not listed
wers not detected. Arsenic, an 1n:urity often found in phosphorus, was
present at a concentration lower than that found in the RPBR formula-
tion (f.e., 44 vs 210 ug/g of raw material). Overs)), the low concen-

trations indicate that the elsments are unlikely to contribute to the

toxicity of the combustion products of the RPNO3 material,

Table V
Trriw Slements in RPNO3

' Concentration* '-
Clement EmTs3Ton - Rtomic Rbsorption

N 3
As . "
8a 5
Be ‘ ' < 0,08
Ca - 150 :
Cd < 1.0
Cu 20 :
Fe 400
K . 20
Mn 50
Pb < 3.0
L 15

v ‘ .3

*part per million by weight

Silica, Silica was determined by a gravimetric .procedure which
invoTves filtering the insoluble $107 residue remaining in an acid
digest of RPNO3. The Si02 was vplat!‘\ized by the addition of hydro-
fluoric acid and the weight Toss of the residue was determined. Three
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differant wedges containing Cab-0-S{l were andlyzed and gave the
following results: 1,05, 1.19, and 1.38 percent $i02 by weight. The
values are within the expected range for the amount of colloidal silica
added to the raw mater{al,

I1, Chemica) and Physical Characterization of RPNO3 Combustion Aerosol

The RPNO3 was burned in a manner similar to that used for the free

.. burns of the RPBR and WPF formulations (1) to allow direct comparisons

of the combustion products of all the different formulations. The
smoke generator basically consists of a platform upon which fragments
of the material are burned, enclosed by a contatner which is connected
to the delivery system of a 0.3 cubic meter exposure chamber., A1l
materials are metal, glass and teflon to minimize artifactual contami-
nat.ion of the smoke products. The container has openings whereby air
flow 18 regulated. Dilution air {s added via a tee in the transfer
Tine to the exposure chamber to maintain a total ¥low of 250 m./min,
Air flow through the burn chamber was regulated at approximately 100
L/min. A1} burns were conducted at ambient humidit{. The aerosol
concentration was continuously monitored 2{ backscattering particle
sensors placed within the exposurs chamber 8 ). The concentration was
controlled manually adding fragments of RPNOj to maintain a reasonably
gni:?rn nngitor response. A diagram of Lhe generator system 13 shown
n Figure 5. :

Samples were collected directly from the exposure chamber for
analysis of the combustion products, gravimetric determination of
aeroso) mass concentration (to confirm the online particle sensor
rtgults). and determination of the weight of phosphoric acid per unit
volume, ' .

gg;glclo Size Analysis

A Mercer type seven stoge cascade impactor was used to determine
particle size distribution., Details of the samp1|n$ and analytical
procedure have been previously described (1). he mass median
diameters and geometric standard deviations which were determined are
given in Table VI. The particle diameter at the lowest humidity was
found to be s1gn1f1cantly Tess than at the higher humidity and may .well
reflect the differing water content of the aerosol particles. We note,
however, that generation conditions and growth of particles with time
by coagulation at these high aerosol concentrations may eastly obscure
humidity-dependent size growth. A plot of the aerosol particle size
distribution obtained at 24 percent ralative humidity and 2.9 mg/L
aeroscl - concentration is shown in Figure 6., Two different cascade
impactors (A and B in Figure 6) waere used to sample the aerosol, The
results are similar to those found for RPBR and WPF 1in that the mean
diamoters were less than 1 um,
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b “Table VI
Particle Size for RPNO3

Aerosol :
Relative Concentration H3P04 Particle Size Geometric
Humidity m/L Percent 1L Std. Dev.
61 414 66 0.9 2,2
113 2.9 -89 . 0.7 1.8

Chemical Analysis of the Aercsol Particulate and Gas Phases

Total Phosphata and Phosphoric Acid SFtcuuon, The asroso)
produced from the RPNU ?qr'muh!!on was found to be composed primarily
of orthophosphoric and polymeric phosphoric acids. Samples of the
aerosol collected on glass fiber filters were analyzed by the high
performance liquid chromatographic method developed for the examination
_of the RPBR aerosol, This method has been previously described in
detatl (4). Essentially 4t allows visuslization of phosphoric acid
species ranging from ortho-phosphoric acid up to the PP polymer,
produced by the condensation of ortho~phosphoric acid, Certain cyclic
phosphoric acids (1.e., trimeta- and tetrametaphosphoric acids) are
also resolved and can be quantitated by the method. A typical profile
for the RPNO3 aerosol is shown in Figure 7. As Indicated, the first
peak corresponds to ortho~phosphoric scid and the followd gn::s to
polymers of increasing order. The highest polymeric phosphate found
was P12 and here there was no evidence of cyclic compounds. The sample
wis collected at un aerosocl concentration of 3,96 wmg/L or 2.13 mg (as
Mgﬁ'OqlL) 88 percent relative humidity, and 24 °C chamber temperature.
The ruuits are very similac to those obtained for RPBR and WPF under
similar combustion conditions., Figure 8 shows profiles of these other
formulations for comparative purposes.

The total hosphate concentration of the aerosol varied dcponcH:g
vpon the humidity. At relatively high humidities, phosphate compris

a lower percentage of the weight of the aerosol due to the incressed .

water content, whereas, at lowyer humidities, phosphate accounted for a
greater percentage of the aerosel (see Table VI).. The analysis for

total. phosphate was performed with a colorimetric procedure also-

previously described (4), '

Differences 1in spectatfon as a function of chamboi- humldity.'

aeroso) concentration, or other generation conditions ware not
investigated, In our previous investigations on RPBR aerosol generated
with the extrusion system the concentrations varied only slightly with
humidity, afr velocity, or asroso) concentration., The most prounounced
changes were observed as the aernsol was allowed to age (1). There
were also significant differences in the acid profiles of the RPBR
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Figure 8. Phosphoric Acid Polymer Concentrations from WPF
and RPER Aerosols Under Static Burning Conditions
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aerosols produced using an extrusion generator rather than by burning
under the less controlled conditions used in the experiments reported
here. A1l of the analyses on the RPNO3 smoke were conducted on fresh
a:r;;ol ¢oilected as it continuously swept through the exposure
chamber,

Sodium and Total Nitrate. The sodium content of the particulate
phase was determined By atomic absorption analysis, and total nitrate
was determined by « standard colorimetric procedure. Samples were
collected by impingement. The collection efficiency of the sampling
method was examined and found to be approximately §7 percent. For
aerosc! concentrations rangirq from 2.4 to 3.1 mg H3PO04/L, an average
concentration of 42 ug Na/, 13P04 was obtained., The average nitrate
concentration was less than 106 ug/q H3P04.

Organic Compounds. Organics in the vaper and particulate phese
derive from e pyrolysis of the epoxy binder {in the RPNO3
formulation. The comobustion of the polymer may yiald water, carbon
monoxide, carbon dioxide, hydrogen, methane, ethane and other sompounds
depending upon the extent of the dagradation, The exact products
formed are dependent upon reaction conditions and temperature, as is
the case in all pyrolysis. To establish the organic content 1in the

- particle phase of the serosol, total organic carbon analysis (TOC) wae

performed, An average of 140 ug TOC/g of H3PO4 was obtained for
aerosol concentrations ranging from 2.4 to 3.1 mg of H3PO4/L. This
value compares to appro<imetely 30 ug TOC/g W3P04 for smokes produced
from RPBR at an aerosol concen*-ation of 2.9 mg H3PO4/L and
approximately 406 u% T0C/g H3P04 #or WPF smokes at a concentration of
4.2 mg HKiPO4/L. The highest TOC concentration found fin the RPNO3
acrosol wes 242 ug/g H3PO4 at 2.4 wyg N{;P4IL. The values are inter-
medfate between thos» from the RPER and WPF aerosols, and are likely a
reflection of the orgrnic conteat of the uncombusted formulations.

The concentration of organics in the gas phase was determined with
a total) hydrocarben monftor, The particulates -were f{ltered and
removed, and the vapor phase drawn through a Bendix "olei 8401 Total
Mydrocarbun Analyzer which utilizes a flame {onfzation detector for
establishing ambient organic levels., The instrument was calibrated
with n-hexane, By measuring the weight loss of hexanc in a diffusion
cell ploced within the exposure chamber at a8 given flow rate, an exact
corcentration can be determined. Results are presented in Figure 9.
The chamber was simultaneously monitored for both total hydrocarbon and
for particle concentrations. Recponse curves for RPBR and WPF are also
shown, The analyses were conducted over a 20 minute time 1interval
during which the aerosol from the different formulations would fiil the
chamber and then empty st the end of a burn, The RPNO3 smoke was found
to cuntain essentially no organics when burned. WPF and RPBR softened
with hexane produced or released 'some volatile organfcs. The concen-
trations, however, wore low (i.e., less than 10 ppm at an average
aerosol concentartion of 5 to 6 mg/L).
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_ The vapor phase was also analyzed chromatographically. The vapor
phase was cuncentrated by passing approximately 1 L of the filtered
aerosol through Tenax adsorbent cartridges. The trapped volatiles were
then thermally desorbed and analyzed by GC/FID on a 30 m x 0.25 mm .
fused silica capillary column coated with a nonpolar stsiionary phase. o @59
A chromatogram §s shown in Figure 10 along with a blank obtained by
collecting and analyzing 1 L of chamber air which did not contain ung
phosphorous aerosol. The profiles show that there are no hig -
molecular weight organics present (i.e., peaks are observed only in the '-i"‘
first portion of thz chromatogram). Peaks that were detected were not '
significantly higher in concentration than the blank values.

Overall, the organic content in the gas and particle phase of the
RPMO3 aerosol was very low. This result is similar to that found for
RPBR and WPF, z ' :

w S T -

Gaseous Constituents. The gas phase of the aerosol was analyzed
for carbon monoxide, carbon dioxide, and oxides of nitrogen. Carbon
monoxide was determined on an Ecolyzer 2000 series continuous CO
monitor éEnergetic; Science, Elmsford, NJ) which quantitatively
converts CO to COz and measures the current produced by the reactton.
Carbon dioxide was analyzed on a Carle 111 6C with a thermal :
conductivity detector, It was separated from other constituents on a »
concentric packed column containing molecular sieve of nitrogen were
determined with a Beckman Model 951A NO/NOy Analyzer. In this instru-
ment, nitric oxide (NDO) reacts with ozone to produce nitrogen dioxide
(Noi). A certain population of the NO2 molecules produced are in an
axcited state and when they decay to ground level, emit 1light which 1s
detected by a photomultipiier, The sum of NO and NOz (NOy) is detected » ®
in the same manner, although NO2 1in the original samples 1s initially
reduced to NO. A1) samples for gas analysis were collected in Tedlar
bags (SKC, Inc., Eighty Four, PA) and were analyzed immediately
following collection. : ,

. The average values obtained for these constituents in the RPNO
smoke. are given in Table VII along with the values previously obtain »
for RPBR and WPF aerosols produced under similar burn conditions (1),
The (03 concentrations reported are the levels above ambient air,
Oxides of nitrogen were not determined in RPBR or WPF, The current
OSHA standard for carbon monoxide is 50 ppm in atr averaged over an 8
hr (TWA) exposure period (5). The standard for NO is 25 ppm and a §
ppm cefling (not to be exceeded) has been set -for NO3.

Residue

A black carbonaceovs residue remained from the combustion. of the
RPNOj material, It wes hard and brittle immediately following the burn
but became soft and pliable upon standing, Phosphoric arids were
adsorbed upon the surface. It also appeared to be very hygroscopic, »
The weight of the residue was apprcximately 50 parcent of the weignt of
the uncombusted row material, A similar type 6f residue was obtained
from the combustion of RPBR and WFF. .
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. | - " Table VII

Saseous Constituents in Phosphorous Smokes

ppm (v/v)

L Aerosol Concentration ' l .
o Formulat ion ___(ma/L) : Co2 CO NO NO2

RPNO3 . 2.0 100 8 19 21 |
RPOR 3.20 | 120 6 - -- -
WPF 3.50 2 26 -- - o
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