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EXECUTIVE SUMMARY 

T h i s  repor t  descr ibes  the  chemical and physical p roper t ies  of t h e  
aerosol produced from t h e  combustion o f  a red-phosphorus-sodium n i t r a t e  
(RPN03) formulation used i n  t h e  Xta819 mortar round. The aerosol was 
generated by b u r n i n g  fragments o f  t he  material  i n  a convective a i r  
flow. As i t  was generated,  t he  smoke was del ivered t o  a 0.3 cubic 
meter exposure chamber from which samples f o r  various analyses were 
taken. Generation and c o l l e c t i o n  condi t ions were s i m i l a r  t o  those used 
f o r  two other phosphorous obscurant sources,  red phosporus-butyl rubber 
(RPBR) and white phospharus-felt  (WPF), t o  allow d i r e c t  comparisons 
between t h e  a e r o s o l s .  The RFNO3 m a t e r i a l  was a l s o  analyzed f o r  
compos i t  i on and impur i t i es. 

The formulation was found t o  be uniform i n  weight, dens i ty ,  and 
composition of phosphorus, ex t rac tab les ,  sodium, n i t r a t e ,  and s i l i c a .  
A n  epoxy binder present i n  t he  mater ia l  was uniformly polymerized, 
containing no unreacted r e s in  d e t e c t a b l e  by i n f r a r e d  s p e c t r o s c o p y .  
Elemental impuri t ies  were determined t o  be less than 0.1 percent by 
weight. 

Aerosol p a r t i c l e  s i zes  measured by cascade impactor techniques,  
were w i t h i n  the r e s p i r a b l e  range, having median diameters s l i g h t l y  less 
than 1 pm. The composition of the  aerosol  was found t o  be pr imari ly  
ortho-phosphoric acid,  polymeric phosphoric a c i d s ,  and wa te r .  The 
highest  polymeric phosphate was P12. These r e s u l t s  a r e  very s imi la r  t o  
those obtained f o r  RPBR and WPF under the  same burn condi t ions.  The 
organics i n  the  RPN03 were e s s e n t i a l l y  completely burned as indicated 
by t h e  low concentrat ions of organic compounds de te rmined  i n  t h e  
p a r t i c u l a t e  and vapor phase. Traces of carbon monoxide, n i t r i c  oxide, 
and nitrogen oxide were present i n  the gas phase. Nitrogen dioxide was 
s l i g h t l y  above NIOSH t o x i c i t y  l i m i t s  (maximum allowable exposure f o r  
sho r t  term exposure).  Overall t h e  smoke generated from RPNO3 was found 
t o  be very s i m i l a r  t o  the  aerosols  from RPBR and WPF, 
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INTRODUCTION 

The XM810 Red Phosphorus (RPN03) is a mortar round using a 
newly-developed formulation for the production of an obscurant smoke 
cloud. The fill material consists primarily of red phosphorus, sodium 
nitrate, and an epoxy binder in zpproximately an 80:24:6 percent weight 
ratio. It is manufactured by blending an epoxy resin (Epon 8281, 
curing agent (Versamid 1401, and solvent (acetone) with powdered red 
phosphorus and sodium nitrate. The resulting slurry is partially dried 
and then granulated with approximately 1 percent colloidal silica 
(Cab-O-Sil). The material i s  pressed into wedges and finally cured at 
an elevated temperature to polymerize the epoxy resin. The final 
product is a hard cake (4 segments make up a 2.85 in. diameter disk, 1 
in. thick). Each mortar charge contains a total o f  28 wedges (seven 
layers o f  four wedges 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 I o f  this report concerns itself with analyses of the 
unburned material. These analyses were performed t o  measure any 
deviations in the gross composition from the specifications, to 
determine the homogeneity o f  the RPN03 wedges, and to detect trace 
impurities that might contribute to the toxicity of the combustion 
aerosol. In Section 11, the chemical and physical properties of the 
aeroso? atmosphere formed when RPN03 is burned under controlled 
conditions are discussed. Comparisons are made with similar 
phosphorous aerosols from red phosphorus-butyl rubber (RPBR) used in 
the L8A1 grenade and white phosphorus-felt (WPF) used in the H825 155 
mm artillery round. Each section includes a brief description on 
sample preparation, collection, and analytical methodology. 

I. Characterization of Unburned RPMO3 

The RPN03 used in all experiments was obtained from the U.S. Army 
Chemical Research and Development Center (CRDC) , Aberdeen Proving 
Ground, FID. The hazardous component safety data sheet f o r  the RPNQ3 
formulation i s  given in Appendix 1, 

Physical Properties of the RPN03 Wedges 

Wedges o f  RPN03 with and without Cab-O-Si1 were obtained from 
CRDC. The average weight of the 510 wedges received containing silica 
was 43.341 * 0.295 grams while the average weight o f  the 49 wedges 
without silica was 43.492 0.343 grams. The material containing 
Cab-O-Si1 was only slightly more dense than that without (1.769 2 0.001 
gramslml as compared to 1.759 2 0.004 grams/mL). Density measurements 
were also made on fragments of wedges within each group. The values 
which are tabulated below are very similar to those obtained for the 
who1 e wedges. 
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'Table I 

Density of  Wedge Fragments 

Containing Cab-Q-Si1 _I__- Without Cab-0-si1 

Fragment Density Fragment Density 
Wedge (grams / m L L  ldedge Jg rams /mL 1 

1.768 1 . 7 3 8  
1 1 . 7 6 3  1 1 .747  

1 .770  1.752 

2 

3 

1.759 
1 .772  
1.775 

1.772 
1 . 7 4 i  
1 ., 770 

mean 1.766 
std. dev. 0.010 

1 763 
1.748 
1 e 7 5 1  

1.749 
1.756 
1 .749  

1.750 
0 e 007 

Visual examination of fragmented RPNO3 material did not reveal internal 
voids or other evidence o f  physical inhomogeneity. 

Chemical Analvsis o f  RPN07 

To estimate compositional variability, total phosphorus and sodium 
nitrate determinations were made on samples randomly selected from the 
lot. The samples were initially crushed under liquid nitrogen and t h e n  
ground to particles less than 20 mesh in size. The liquid nitrogen 
prevented accidental ignition due to the generation o f  frictional heat 
in crushing and grinding. A portion o f  the ground wedge or wedge 
segment was then taken for analysis. 

Phosphorus. Phosphorus was determined gravimetrically using 
standard analytical procedures. The results are presented in Table 
11. 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 lower than expected results ( 1 ) .  We can suggest 
two possibilities for the  discrepancy: an unexpected negative bias in 
the analytical method or unaccounted for impurties in the  source red 
phosphorus. Red phosphorus could easily develop a hydrous oxide layer  
on its surface by partial oxidation at room temperature which ~ ~ o u l d  
lower its overall phosphorous content. Similarly, if oiled red 
phosphorus were used in the preparation o f  the formulation low results 



. 
wou 1 d 
determ 
RPN03 
e i t h e r  

i 
be e x p e c t e d .  The method, however,  i s  s a t i s f a c t o r y  f o r  

n i n g  r e l a t i v e  d i f f e rences  i n  composition and the  r e s u l t s  fo r  the 
fo rmula t ion  show no major v a r i a t i o n s  f o r  phosphorous content 
between wedges or w i t h i n  a given wedge. 

Table I1  

Percent Phosphorus i n  RPN03 

Wedge Wedge Segment Percent  Phosphorus  by Weight 

Material Containina Cab-O-Si1 

1 
2 
3 

4 

5 

a 
b 
C 

a 
b 
C 

mean 
std. dev.  

Material Without Cab-O-Si1 

1 
2 

5 

a 
b 
C 

a 
b 
C 

74.03 
75.79 
75.30 

75.60 
73.96 
75.02 

67.75 
69.88 
75.94 

73.70 
2.90 

75.42 
76.82 
74.21 

76.08 
75.54 
75 a 27 

75.82 
76.13 
75.77 

mean 
s td .  dev. 

75.67 
0.72 
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Sodium Ni t ra t e .  Sodium n i t r a t e  content  was estimated by aqwous ly  
e x t r a z i n g  t h e  s a l t  from t h e  raw mater ia l  and weighing the  dr ied 
f i l t r a t e .  These values were then cor rec ted  fo r  any phosphoric acid 
found i n  t h e  e x t r a c t  t o  e l imina te  e r r o r s  i n  measurement due t o  acid 
adso rbed  o n t o  t h e  powdered RPNO3. A t  normal t e m p e r a t u r e s  and 
humidities, red phosphorus s lowly  r e a c t s  w i t h  water vapor and oxygen i n  
a i r  t o  form a mixture o f  o x o  ac ids  ( 2 ) .  Adsorbed ac ids  and water vapar 
would increase t he  weight. of t he  sample and introduce an e r r o r  i n t o  t h e  
weight percent value o f  t h e  res idue .  The results a r e  presented i n  
Table I I I .  

Table 111 

E s t  imated NaN03 by RPNQ Extraction" 

Total 
Wedge Wedge Fragment - . .  F i l t r a t e  Residue -I_ Phosphate _I Corrected NaN03 

Material Containing Cah-Q-Si1 

1 
1 

2 
2 

3 
3 

4 
4 

5 
5 

6 

mean 
std. dev. 

a 
a 
b 
b 

C 
C 

1 5  * 00 0.90 14.10 
14.97  0.91 14.06  

15 .07  0 . 9 3  1 4 . 1 4  
15.14 0 .87  14 .27  

15 .18  0.80 14.38 
15 .15  0.82 14.33  

15 .32  0.92 14 .40  
15.47 0.8'7 14 .50  

15 .02  0.97 1 4 . 0 3  
14.98 0.97 14 .01  

15 .30  0 .95  1 4 . 3 5  
1 5 . 3 0  0.99 1 4 . 3 1  
15 .20  0.95 1 4 . 2 5  
15.30 0.99 14 .33  

1 5 . 1 8  1 .07  14 .13  
14 .70  1 .07  13 .63  

1 5  I 1 4  0.94 1 4 . 2 1  
0.18 0.08 0.22 



Table 111 (Cont'd) 

Estimated NaMO3 by RPNO3 Extraction" 

Total 
Phosphate Wedge Wedge Fragment Filtrate Residue Corrected NaN03 

Material Without Cab-0-Si1 

1 14.70 0.57 14.13 

2 
2 

14 e 60 
14.60 

0.54 
0.55 

14.06 
14.05 

3 
3 

14.40 
14.60 

0.70 
0.67 

13.70 
13.93 

4 
4 

14.20 
13.90 

0.69 
0.59 

13.51 
13.31 

a 
5 b 

C 

14.40 
14. S O  
14.60 

0.59 
0.65 
0.65 

13.80 
13.70 
14.00 

13.90 
14.10 
14.40 
14.60 

0.84 
0.86 
0.71 
0.71 

13 06 
13.24 
13.69 
13.89 

6 

C 14.40 1.00 13.40 
Iy 

mean 
std. dev. 

14.33  
0.26 

0.69 
0.13 

13.70 
0.33 

*Values reported as percent o f  total weight. Analyses performed in 
duplicate as indicated. 

A more accurate determination for NaNO3 was obtained by analyzing 
the extract for both sodium and nitrate and then calculating t h e  amount 
based on the concentration of each. This data i s  shown in Table IV. 
The NaMO3 values based on these separate determinations are in Close 
agreement with each other. The average values, however, are  slightly 
lower than indicated in the manufacturing specifications (i*e., 13.89 
and 14.02 percent NaN03 with and without silica, respectively). The 
values are also lower than the weight o f  the extracted residues. Since 
a simple extraction procedure may also remove other impurities, the 
direct analysis is expected to be more reliable. Either o f  the 
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methods, howevw, is acieqrrate fo r  exainining compositional variatian. 
The combined data show that t h e  nedges are very similar and un i fo rm i n  
NaN03 content. 

Table I V  

NaN0-j Determination i n  RPN63* 

Percent NaN03 Percent  NaNO3 
From NO3 - -  Percent Ida From Na Percent  NO3 

_. --. kledge 

Material Containina Cab-0-Si1 

1 3.51 12 .98  8 .79  12,05 
1 3.58 13 22 8.92 12 .23  

2 3.31 1 2 . 2 5  8 . 9 9  1 2 , 3 2  
2 3 .54  13 .07  9 .10  12 .48  

3 3 .46  1 2  * 8 0  9.05 12 .40  
3 2 .98  1 1 . 0 1  8 .42  11 .54  

mean 3.40  12 .56  8.88 12 .17  
std. dev .  0 .22  0.83 0 .25  0.34 

Material Without Cab-&Si?  

1 3 .16  11 .68  8 .54  
1 3 .50  1 2 - 9 2  8.48 

2 3 . 4 1  12,60 8 .57  
2 3 .19  11.77 8.34 

3 2 - 3 8  8.80 8.61 
3 3.36 1 2  44 8 . 6 3  

inem 3.17  11 .70  8 . 5 3  
std. dev. 0 .41  1 .50  0 . 1 1  

1 1 . 7 0  
11 .60  

11 .'75 
11.44  

11.81 
11.83 

11 .69  
0 .15  

*Duplicate analyses performed as indicated. 
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Unpolymerized Epoxy Resin. The epoxy binder i s  formed by r eac t ing  
the r e s i n  w i t h  a curing agent.  I t  not only binds t h e  o the r  ma te r i a l ,  
allowing i t  t o  be molded i n t o  a s o l i d  mass, bu t  i t  a l s o  i m p a r t s  
mechanical s t r eng th .  The r e s i n ,  Epon 828, i s  a commercial product o f  
the diglycidyl  e t h e r  of bisphenol A with t h e  following s t r u c t u r e :  

I t  i s  composed pr imari ly  of t h e  dimer ( N = l )  (85-90 percent)  w i t h  higher 
oligomers present as  the remainder. Versamid 140,  t h e  curing agent ,  is 
a f a t t y  polyamide formed by r eac t ing  t a l l  o i l  dimerized f a t t y  acids  
w i t h  d i e t h y l e n e t r i a r n i n e .  A t h r e e  dimensional polymeric network is 
formed when t h e  two are mixed arid heated a t  an elevated temperature. 
The extent  of the llcure” or c ros s l ink ing  i s  dependent upon t h e  mole 
f r a c t i o n s  of the r e a c t a n t s ,  temperature,  and o the r  r e a c t i o n  ccandi- 
t i o n s .  Crosslinking occurs a t  t h e  h i g h l y  r e a c t i v e  epoxide s i t e s  by 
coupling w i t h  the polyamide and involves opening af t h e  epoxide ring. 
By monitoring the 3-membered epoxide r ing  v ib ra t ion  i n  t h e  mid-infrared 
r e g i o n  a t  9 1 4  cm’l, t h e  e x t e n t  of  t h e  c u r e  or t h e  amount  of 
unpolymerized resin can be determined. 

Samples f o r  epoxy a n a l y s i s  were prepared by g r i n d i n g  an e n t i r e  
wedge and blending t h e  powder w i t h  potassium bromide i n  a 5 t o  50 
percent (w/w) mixture. Diffuse r e f l e c t a n c e  f o u r i e r  transform in f r a red  
spec t r a  were recorded on a Digi lab FTS-201: spectrometer,  A sample of 
Epon 828 was received from She1-r Chemical Company, Hauston, TX,  and 
Versamide 140 was obtained from Henkel Corporation, Char lo t t e ,  NG. 

Spectra of uncured Epon 828 and a 1:l ( w / w )  mixture o f  Versamid 
140 and Epon 828 hardened overnighlt a t  115°C a r e  shown i n  Figures 1 and 
2 ,  r e spec t ive ly .  The absorption band a t  1505 cm- l  due t o  benzene rin 
v ib ra t ions  i s  not a f f ec t ed  by polymerization while t h e  band a t  914 cm‘ 
decreases a s  the r e s i n  i s  cured. The spectrum obtained from powdered 
R P N O 3  is shown i n  Figure 3 .  There i s  no d i s c r e t e  peak a t  914 cm-1 
although t h e r e  i s  some background absorbance. Extract ion o f  NaN03 from 
the raw material  does not reduce t h e  background in t h i s  region. By 
adding varying amounts of Epon 828 t o  R P N O 3  and recording t h e  spec t r a  
(Figure 4 )  an increase i n  the absorpt ion a t  914 cm-l can be observed. 
When t h e  absorbance a t  1508 cm-l has increased by 10 t o  20 percent d u e  
t o  t h e  add i t ions  of Epon 828, t he  band a t  914 cm-l due t o  t h e  epoxide 
r i n g  becomes apparent. The m i n i m u m  quan t i ty  of Epon or  the  amount of 
unreacted r e s i n  which can be detected i n  t h e  R P N O 3  mater ia l  corresponds 
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W A  VENUMBERS 
WEDGE MAl’ERIAL + UNI-!ARDENED EPON 828 

F i g u r e  4. Composite I n f r a r e d  S p e c t r a  o f  XM-819 Wedge Plus 
Unhardened Epon 828 

1 7  



t o  the concentration represented by this increase at 1508 cm-1. Since 
Epon comprises 3.2 percent o f  the wedge material by Neight, the 
detection limit i s  0.15 x 0.032 per gram o f  wedge material, or 0,s 
percent o f  unpolymerized resin in the wedge. The concentration o f  
unreacted resin in RPNQ3 was estimated to be less than 0.5 percent, 
since it was not detected hy this method. 

Trace Elements. A semiquantitative measure of  trace elements in 
the wedge material was obtained by emission spectroscopy and a more 
accurate measure o f  selected elements o f  known toxic potential was 
obtained by atomic absorption. The 
total concentration o f  all the elemental irnpurities was less thaw 0.1 
percent o f  the weight o f  the material. Elements which are not listed 
were not detected. Arsenic, an impurity often found in phosphorus, was 
present at a concentration lower than that found in the RPBR formula- 
tion (i.e., 44 vs  210 ug/g  o f  raw material). Overall, the low concen- 
trations indicate that the elements are unlikely t o  contribute to the 
toxicity o f  the combustion products o f  the RPN03 material. 

The data a r e  presented in Table V.  

Table V 

Trace Elements in RPNO3 

Element 

Ag 
A S  
Ba 
Be 
Ca 
Cd 
cu 
Fe 

K 
Mn 
Pb 
Ti 

V 

Concent rat i on* 
Emission rtomi c Absorption - 
_I__- 

3 

5 

150 

20 
400 

20 
50 

15 
3 

"part per million by weight 

4 4  

< 0.05 

< 1.0 

< 3.0 

_I_o- Silica. Silica was determined by a gravimetric procedure which 
involves filtering the insoluble S i 0 2  residue remaining in an acid 
digest o f  RPN03. The Si02 was volatilized by the addition o f  hydro- 
fluoric acid and the weight loss o f  the  residue was determined. Three 
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different wedges containing Cab-O-Si1 were analyzed and gave the 
following results: 1.05, 1.19, and 1.35 percent Si02 by weight. The 
values are within the expected range for the amount of calloidal silica 
added to the raw material. 

11. Chemical and Physical Characterization of RPN03 Combustion Aerosol 

The RPNQ was burned in a manner similar to that used for the free 
burns of the RPSR and WPF formulations (1) to allow direct comparisons 
o f  the combustion products o f  a91 the different formulations. The 
smoke generator basically consists o f  a platform upon which fragments 
o f  the material are burned, enclosed by a container which is connected 
to the delivery system of a 0.3 cubic meter exposure chamber. All 
materials are metal, glass and teflon to minimize artifactual contami- 
nation o f  the smoke products. The container has openings whereby air 
flow is regulated. Dilution air is added via a tee in the transfer 
line to the exposure chamber to maintain a total flow of 250 mllmin. 
Air flow through the burn chamber was regulated a t  approximately 1013 
L/min. All burns were conducted at ambient humidity. The aerosol 
concentration was continuously monitored by backscattering particle 
sensors placed within the exposure chamber ( 3 ) .  The concentration was 
control led manually adding fragments of RPNO3 to maintain a reasonably 
uniform monitor response. A diagram af the generator system i s  shown 
in Figure 5. 

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

Particle Size Analysis 

A Mercer type seven stage cascade impactor was used to determine 
particle size distribution. Details of the sampling and analytical 
procedure have been previously described ( 1 ) .  The mass median 
diameters and geometric standard deviations which were determined are 
given in Table V I .  The particle diameter at the lowest humidity was 
found to be significantly Jess 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 easily obscure 
humidity-dependent size growth. A plot of the aerosol particle size 
distribution obtained at 24 percent relative humidity and 2.9 mg/L 
aerosol concentration is shown in Figure 6. Two different cascade 
impactors ( A  and B in Figure 6) were used to sample the aerosol. The 
results are similar t o  those found for RPBR and WPF i n  that the mean 
diameters were less than 1 vm. 
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Figure 5. S t a t i c  Burn Chamber 
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Table V T  

P a r t i c l e  S i z e  f o r  RPN03 

Re1 a t  i ve Concentrati 31-1 H3P04 P a r t i c l e  Size Geornet r i c 
S t d .  Dev. Percent 

6 1  4.14 66 0.96 2.2 
60 3.71 55 0.96 2.0 
24 2.9 89 0 . 9 3  1.5 

Aerosol 

- p I4 ..- I_a Humic% d /L , - . - . - "  -.- 

Chemical Analysis of t h e  Aeroso l  .___(--_- P a r t i c u l a t e  and Gas Phases 

T o t a l  Phosphate  and m___ Pkos,n_horic ---- Acid Speciation. Ihe aerosol 
produced from the  RPN03 formulation was found t o  be composed pr imari ly  
o f  orthophosphoric and polymeric phosphoric acids .  Samples of  t h e  
aerosol co l l ec t ed  on g l a s s  f i b e r  f i l t e r s  were analyzed by the high 
performance l i q u i d  chromatographic irrethsd developed f o r  t h e  examination 
o f  t hc  R P R R  aerosol .  This  method has  been previously described i n  
d e t a i l  ( 4 ) .  E s s e n t i a l l y  i t  allows v i s u a l i z a t i o n  of phosphoric acid 
s p e c i e s  r a n g i n g  from ortho-phosphoric acid up  t o  the  P i 3  polymer, 
produced by the condensation o f  ortho-phosphoric acid.  Certain c y c l i c  
phosphoric a c i d s  ( i . e . ,  tr irneta- and tetrametaphosphoric a c i d s )  a r e  
a l s o  resolved and can be quan t i t a t ed  by the method. A t yp ica l  p r o f i l e  
f o r  t h e  RPNO3 aerosol i s  shown i n  Figure 7.  As i nd ica t ed ,  t h e  f i r s t  
peak corresponds t o  orths-phosphoric acid and the following peaks t o  
polymers of increasing order.  T ~ P  highest  polymeric phosphate found 
was P i 2  and here t h e r e  was no evidence o f  c y c l i c  compounds. The sample 
was co l l ec t ed  a t  an aerosol concentration of  3.96 mg/L o r  2.13 mg ( a s  
H3PO4/L), 58 percent r e l a t i v e  h u m i d i  t g ,  and 24 "C chamber temperature, 
The  r e s u l t s  a r e  very s imi l a r  t o  those obtained for  RPBR and WPF under 
s imi l a r  combustion condi t ions.  Figure 8 shows p r o f i l e s  of t h e s e  o the r  
formulations f o r  comparative purposes. 

--- 

The t o t a l  phosphate concentration of tlic aerosol varied depending 
upon t h e  h u m i d i t y .  A t  r e l a t i v e l y  high humidi t ies ,  phosphate comprised 
a lower percentage o f  t h e  weight o f  t h e  aerosol due t o  the  increased 
water content ,  whereas, a t  lower humidi t ies ,  phosphate accounted f o r  a 
g r e a t e r  percentage of t h e  aerosol ( s ee  Table VI). The a n a l y s i s  f o r  
t o t a l  phosphate was performed w i t h  a c o l o r i m e t r i c  procedure  a l s o  
previously described ( 4 ) .  

D i f f e r e n c e s  i n  s p e c i a t i o n  as a funct ion of chamber humidity, 
a e r o s o l  c o n c e n t r a t i o n ,  o r  o t h e r  g e n e r a t i o n  c o n d i t i o n s  were n o t  
i nves t iga t ed .  In our previous inves t iga t ions  on R P B R  aerosol generated 
w i t h  t h e  extrusion system the  concentrat ions varied only sl igh t ly  w i t h  
humidity, a i r  ve loc i ty ,  or aerosol concentrat ion.  The most pronounced 
changes were observed as t he  aerosol was allowed t o  age (1). There 
were  a l s o  s i g n i f i c a n t  d i f f e rences  i n  t h e  acid p r o f i l e s  of t h e  R P R R  
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aeroso ls  produced us ing  an e x t r u s i o n  genera to r  r a t h e r  than  by b u r n i n g  
under t h e  l e s s  c o n t r o l l e d  c o n d i t i o n s  used i n  t h e  exper iments r e p o r t e d  
here. A11 of t h e  analyses on t h e  RPNO3 smoke were conducted on f r e s h  
ae roso l  c o l l e c t e d  as i t  c o n t i n u o u s l y  swept  t h r o u g h  t h e  e x p o s u r e  
chamber. 

Sodium and T o t a l  N i t r a t e .  The sodium c o n t e n t  o f  t h e  p a r t i c u l a t e  
phase was determined by atomic a b s o r p t i o n  a n a l y s i s .  and t o t a l  n i t r a t e  
was determined by a s tandard c o l o r i m e t r i c  procedu-re. Samples were 
c o l l e c t e d  by impingement. The c o l l e c t i a n  e f f i c i e n c y  o f  t h e  sampl ing 
method was examined and found t o  be approx ima te l y  97 percent .  For 
ae roso l  c o n c e n t r a t i o n s  r a n g i n g  f r o m  2.4 t o  3.1 mg H3P04/L, an average 
c o n c e n t r a t i o n  o f  42 ug Na/g H3P04 was obta ined.  The average n i t r a t e  
c o n c e n t r a t i o n  was l e s s  than  106 pg/g H3PO4. 

Organic Compounds. Organics i n  t h e  vapor and p a r t i c u l a t e  phase 
d e r i v e  f r o m  t h e  p y r o l y s i s  o f  t h e  epoxy b i n d e r  i n  t h e  RPN03 
f o r m u l a t i o n .  The combustion of t h e  polymer may y i e l d  water, carbon 
monoxide, carbon d i o x i d e ,  hydrogen, methane, ethane and o t h e r  compounds 
depending upon t h e  e x t e n t  of t h e  degradat ion.  The e x a c t  p r o d u c t s  
formed a r e  dependent upon r e a c t i o n  c o n d i t i o n s  and temperature,  as i s  
t h e  case i n  a l l  p y r o l y s i s .  To e s t a b l i s h  t h e  o rgan ic  con ten t  i n  t h e  
p a r t i c l e  phase o f  t h e  aerosol ,  t o t a l  o rgan ic  carbon a n a l y s i s  (TOC) was 
pe r fo rmed .  An average o f  140 pg TOC/g o f  H3P04 was ob ta ined  f o r  
ae roso l  c o n c e n t r a t i o n s  r a n g i n g  f rom 2.4 t o  3.1 mg o f  H3P04/L. T h i s  
va lue  compares t o  approx imate ly  30 ug  TOC/g H3P04 f o r  smokes produced 
f r o m  R P B R  a t  an a e r o s o l  c o n c e n t r a t i o n  o f  2.9 mg H 3 P 0 4 / L  and 
approx imate ly  400 pg TOC/g H3P04 f o r  WPF smokes a t  a c o n c e n t r a t i o n  o f  
4.2 rng H3P04/L. The h i g h e s t  -1'OC c o n c e n t r a t i o n  found i n  t h e  RPNO3 
ae roso l  was 242 vg/g H3P04 a t  2.4 mg H3POd/L. The va lues a r e  i n t e r -  
mediate between those f rom t h e  RF'BR and WPF aerosols ,  and a r e  l i k e l y  a 
r e f l e c t i o n  o f  t h e  o r g a n i c  c o n t e n t  of t h e  uncombusted fo rmu la t i ons .  

The c o n c e n t r a t i o n  of  o rgan ics  i n  t h e  gas phase was determined w i t h  
a t o t a l  h y d r o c a r b o n  m o n i t o r .  The p a r t i c u l a t e s  were f i l t e r e d  and 
removed, and t h e  vapor phase drawn th rough  a Bendix Model 8401 T o t a l  
Hydrocarbon Analyzer which u t i l i z e s  a f lame i o n i z a t i o n  d e t e c t o r  for  
e s t a b l i s h i n g  ambient o rgan ic  l e v e l s .  The ins t rumen t  was c a l i b r a t e d  
w i t h  n-hexane. By measuring t h e  weight  loss of hexane i n  a d i f f u s i o n  
c e l l  p laced w i t h i n  t h e  exposure chamber a t  a g i v e n  f low r a t e ,  an exact  
c o n c e n t r a t i o n  can be determined. Resu l t s  a r e  presented i n  F i g u r e  9. 
The chamber was s imu l taneous ly  moni tored f o r  b o t h  t o t a l  hydrocarbon and 
f o r  p a r t i c l e  concen t ra t i ons .  Response curves f o r  RPBR and hlPF a r e  a l s o  
shown. The analyses were conducted over  a 20 minute t ime  i n t e r v a l  
d u r i n g  which t h e  aerosol from t h e  d i f f e r e n t  f o r m u l a t i o n s  would f i l l  t h e  
chamber and then  empty a t  t h e  end o f  a burn. The RPNO3 smoke was found 
t o  c o n t a i n  e s s e n t i a l l y  no o rgan ics  when burned. WPF and RPBR so f tened  
w i t h  hexane produced o r  re leased  -some v o l a t i l e  organics.  The concen- 
t r a t i o n s ,  however, were low ( i .~ .~ l e s s  than  10 ppm a t  an ave rage  
ae roso l  c o n c e n t a r t i o n  o f  5 t o  6 mg/L). 
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The vapor phase was a l s o  analyzed chromatographically. The vapor 
phase was concentrated by pass'ng approximately 1 L o f  t h e  f i l t e r e d  
aerosol through Tenax adsorbent c a r t r i d g e s ,  The trapped v o l a t i l e s  were 
then thermally desorbed and analyzed by GC/FID on a 30 m x 0.25 mm 
fused s i l i c a  c a p i l l a r y  column coated w i t h  a nonpolar s t a t i o n a r y  phase. 
A chromatogram is shown i n  Figure 36) along w i t h  a blank obtained by 
c a l l e c t i n g  and  analyzing P 1 of chamber a i r  which d i d  not contain any 
phosphorous a e r o s o l .  The p r o f i l e s  show t h a t  t h e r e  a r e  no h i g h  
molecular weight  organics present ( i * e * $  peaks a r e  observed only i n  t h e  
f i r s t  port ion of the chromatogram). Peaks t h a t  were detected were not 
s i g n i f i c a n t l y  higher i n  concentret ion than t h e  blank values. 

Overal l ,  the organic content in the gas and p a r t i c l e  phase of the 
RPNO3 aerosol was very low. T h i s  r e s u l t  i s  sima'lar t o  t h a t  found f o r  
RPBR and WPF. 

Gaseous Const i tuents .  The gas phase o f  t h e  aerosol  was analyzed 
f o r  carbon monoxide, carbon dioxide,  and oxides o f  nit rogen.  Carbon 
monoxide was determined on an Ecolyzer  2 0 0 0  s e r i e s  c o n t i n u o u s  G O  
moni tor  ( E n e r g e t i c s  S c i e n c e ,  S l m s f o r d ,  NJ) which q u a n t i t a t i v e l y  
converts  CO t o  GO2 and measures the cu r ren t  produced by t h e  r eac t ion .  
Carbon d i o x i d e  was a n a l y z e d  on a C a r l e  111 G C  w i t h  a t he rma l  
conduct ivi ty  de t ec to r .  I t  was separated from o the r  c o n s t i t u e n t s  on a 
concentr ic  packed column containing molecular s i e v e  o f  nit rogen were 
determined w i t h  a Beckman Model 951A NO/NO, Analyzer. In t h i s  instru- 
ment, n i t r i c  oxide (NO) r e a c t s  with ozone t o  produce ni t rogen dioxide 
( H O E ) .  A c e r t a i n  population of the NO2 molecules produced a r e  i n  an 
exci ted s t a t e  and when they decay t o  ground l e v e l ,  emit l i g h t  which i s  
detected by a photomult ipl ier .  T h e  sum o f  NO and NO2 (NO,) is detected 
i n  t h e  same manner, although N02 i n  t h e  o r i g i n a l  samples i s  i n i t i a l l y  
reduced t o  NO. A l l  samples f o r  gas a n a l y s i s  were co l l ec t ed  i n  Tedlar 
bags ( S K C ,  I n c . ,  E i g h t y  F o u r ,  PA) and were analyzed immediately 
following c o l l e c t i o n .  

The average values obtained f o r  t h e s e  c o n s t i t u e n t s  i n  t h e  RPNO3 
smoke a r e  given i n  7able  V I 1  along with t h e  values previously obtained 
for RPBR and WPF ae roso l s  produceld under s i m i l a r  burn condi t ions (1). 
The GO? c o n c e n t r a t i o n s  reported a r e  t h e  l e v e l s  above ambient a i r .  
Oxides of nitrogen were not deter,mined i n  RPBR or WPF. The cu r ren t  
OSHA standard f o r  carbon monoxide i s  50 ppm i n  a i r  averaged over an 8 
hr (TWA) exposure period ( 5 ) .  The standard f o r  NO i s  25 ppm and a 5 
ppm c e i l i n g  (not t o  be exceeded) has been s e t  f o r  NO2. 

Residue 

A black carbonaceous residue remained from t h e  combustion of  t he  
RPN03 material .  I t  was hard and b r i t t l e  immediately following t h e  burn 
but became s o f t  and p l i a b l e  upon standing. Phosphoric  a c i d s  were 
adsorbed upon t h e  surface.  I t  a l s o  appeared t o  be very hygroscopic. 
The weight o f  the  residue was approximately 50 percent o f  t h e  weight of 
the uncombusted raw mater ia l .  A s i m i l a r  type o f  residue was obtained 
from the combustion of RPBR and WPF. 
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Table V I 1  

Gaseous Const i tuents  i n  Phosphorous Smokes 

Aerosol Concentration 
Formulation (mg/L) 

RPN03 
RPBR 
WPF 

3.08 
3.20 
3.50 

100 89 19 21 
120 6 -- 
250 26 -- 

-- 
-- 
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