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SUMMARY 

The burning rates and the light outputs produced by burning binary mixtures of 
aluminum and sodium nitrate have been studied as a function of composition and of 
atmospheric content. Also studied were the effects of loading pressure upon the 
combustion process. The gaseous atmospheres Investigated were mixtures of oxygen 
and nitrogen, argon, or helium. For all systems, except those in which the 
composition was pressed at high loading pressure, the burning rate was unaffected as 
oxygen concentration was changed, indicating that heat and radiation feedback from 
the flame have only a minor influence on the burning rate. Consequently, it is 
hypothesized that the burning rate is essentially controlled by the exothermic 
processes occurring at or very near the burning surface. 

For all systems, the burning composition produced low light output when oxygen 
was excluded from the atmosphere. With increasing oxygen content, the light output 
increased by a large factor. This indicates that at low oxygen concentrations much 
of the metal escaped from the flame unburned. 

For compositions with low metal content, propagation is very difficult. It is 
believed that the decomposition of excess sodium nitrate removes heat from the 
burning surface. This heat loss may reduce the rate of vaporization of the metal, 
causing this vaporization to become the rate controlling step. At the point at 
which the vaporization rate becomes considerably lower than the rate of oxidation of 
the metal, the flame will be quenched due to lack of fuel. 
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INTRODUCTION 

The combustion of aluminum-sodium nitrate (Al-NaN0 3) flare compositions appears 
to consist of a two-stage process. In the first process occurring in the flare per 
se the oxidlzer and/or its decomposition products react with the solid, liquid, or 
gaseous metal. The second stage, occurring solely in the vapor phase outside the 
solid flare, consists of the combustion of hot or incandescent metal particles 
and/or metal vapor, both with gases produced by the oxidlzer and with oxygen (0 2) 

from the air. 

The obiect of this study was to investigate the second stage process, primarily 
that involving the reaction of atmospheric gases with metal particles or vapor. To 
our knowledge, this type of Investigation has not been conducted before; however, it 
is believerthat the extensive investigations of single particle combustion m gases 
of controlled temperatures and compositions (refs 1,2,3) are directly related to 
these studies. It was found in previous work by this Laboratory (ref 4) that 
poSered aluminum (Al) , when mixed with various additives would --^^ -^--J^ 
with oxidizing gases well below its melting point, and that the additives which 
produced these gases from sodium nitrate (NaNO3) at low temperature would cause a 
large Increase in the luminosity when the composition was burned. These results 
also indicated that experiments should be conducted m which metal-oxldant 
compositions were burned In atmospheres containing differing amounts °f "2 with 
various diluents such as nitrogen (N2), argon (Ar), or helium (He). This report 
presents the results obtained in an investigation conducted by this Laboratory into 
the effect of atmospheric composition on the performance characteristics of burning 

Al-NaN0 3 pyrotechnic compositions. 

EXPERIMENTAL PROCEDURE 

Samples consisted of 300 to 400 mg of the flare composition capped with 100 to 

200 mg of nonlllumlnatlng igniter composition. ^^^^^f ^.^^^^^^ ,%^,7t^/'3f 000 
pressing the above samples in a 6 mm die at pressures of either 10 000 or 33 000 
Ssf Ihe pressed pellets formed were about 6 mm long. The pellets were then 
wrapped with two layers of Kraft paper tape to form a case which prevented side 

burning. 

The combustion chamber was an upright cylindrical chamber 25 cm in diameter by 
23 cm in height, with a total volume of 11.5 liters. There was a removable quartz 
window in thf center of the wall for observing the burning pellet ^^^e Pel et was 
placed on a stand in the center of the chamber; the chamber was then filled with th^ 

proper gas mixture to a total pressure of 760 torr. _ The pellet -^^/J^^f'^^^^, J^^^^ 
wire, and the light intensity produced by the burning was measured by ^^^^^^^f ^^ 
RCA 926 vacuum Phototube (having corrective filters to give response ---^^ J^ 

equivalent to that of the human eye) located in front -'-^''^^^l^'ZolL a standard 
flame. The voltage developed by the phototube current flowing through a standard 
resTs^or was recorded by a fast response oscillograph. The durat on of burning was 
reported in seconds; the burning rate (BR) in cm/mln and in /m n; the -erage 
luSnous output (LO) in candles/ln2 of flare surface area; the luminous efficiency 
(LE) in candle-sec/g of composition; and the adjusted LE m candle-sec/g of M. 



At least six pellets were burned in each atmosphere. If the results for a 
pellet were very far from the average in at least 2 of the 3 reported parameters, 
the values were discarded and several more pellets were burned. The average 
deviation for each average value was ± 10 to 15%, and all points were within a 
standard deviation of 1.96. 

Determinations of the amount of Al actually burned in Al-NaNO3 flares were made 
on the residues from pellets burned in a bomb calorimeter. All of the combustion 
products were washed with water to remove water-soluble components, then filtered, 
dried, and weighed. These water-insoluble residues were treated with concentrated 
NaOH to dissolve the Al (which was the only product soluble in NaOH); the remaining 
material was then filtered, dried, and weighed again for each sample. Any weight 
lost from the water-insoluble samples was due to Al which had not reacted; from this 
the amount of Al consumed by each of the burning flares was determined. This is 
reported as percent (within ±  5%). 

MATERIALS USED 

Aluminium powder, atomized, average particle size 6 p, Alcan Company. 

Sodium nitrate powder, average particle size ?-2y, Davies Nitrate Company. 

Sodium hydroxide electrolytic pellets, certified ACS grade. Fisher Scientific 
Company. 

Nitrogen gas, 99.9% purity, Linde Corporation. 

Oxygen gas, 99.6% purity, Linde Corporation. 

Argon gas, 99.995% purity, Linde Corporation. 

Helium gas, 99.995% purity, U.S. Government. 

RESULTS AND DISCUSSION 

Compositions of Al-NaNO3 pressed at 10,000 psi and mixed in proportions of 50- 
50, 45-55, 40-60, and 35-65 weight percentages and were burned in N2-O2 atmospheres 
in which the O2 content was 0, 20, 40, 60, 80, and 100 volume percent. The 50% Al 
composition was also burned in atmospheres containing Ar or He instead of N2. The 
effect of loading pressure was investigated by studying the 50% Al composition 
pressed at 33,000 psi and burned in the N2-O2 atmospheres listed above. 



Effect of Aluminum Content on the Performance Characteristics 

FiKure 1 (the data plotted in the figures are given in tables 3 through 10) 
shows that in air the BR's of the compositions pressed at 10 K psi increased sharply 
with increasing Al content. This effect is attributable to increasing energy 
feedback from the burning surface to the composition, due to increasing thermal 
conductivity of the composition. Table 1 shows that the BR's of these systems 
remained unchanged as the O2 content was changed, indicating the lack of radiation 
feedback from the flame zone to the burning surface. In regard to the light output 
of the compositions, the LO and LE increased as the O2 content of the atmosphere was 
increased as shown in figures 2 and 3. The output and efficiency values for the 4U 
and 45% Al compositions reached plateaus at about 80% O2 and did not increase as 
more O2 was added, while those for the 50% Al composition continued to increase. 
One would expect a leveling off for compositions containing smaller amounts of Ai, 
for with increasing 0 2 concentrations in the atmosphere the compositions cannot 
supply sufficient metal to the flame zone to effect increasing LO s. However, m 
this series of experiments the metal deficient 35% Al composition did not plateau as 

expected. 

Table 1. Burning rate of 50-50 aluminum-sodium nitrate in N2-O2, He-02, and Ar 02 

atmospheres 

Burning Rate 

% 02 N? He Ar 

cm/min In./min cm/rain in./min cm/min In./min 

0 18.4 7.25 17.7 6.97 19.9 7.83 

20 19.1 7.51 18.6 7.34 16.9 6.66 

40 18.2 7.18 18.0 7.08 16.0 6.32 

60 17.1 6.74 18.5 7.28 17.0 6.69 

80 18.0 7,10 18.5 7.28 16.0 6.31 

100 17.9 7.06 17.9 7.06 17.9 7.06 

An interesting effect was noted for low Al compositions. For an Al content of 
34% the pellet burned completely in N2, but propagation became increasingly 
difficult as the O2 content of the atmosphere increased, with failure to ignite in 
pure 02. The same phenomenon also occurred using compositions containing J. and JJA 
Al. This detrimental effect of O2 on the combustion of low Al content compositions 
was corroborated by bomb calorimetry studies by others in which difficulty was 

encountered burning Al in pure O2 (ref 5). 



% Al 

Figure 1.  Effect of Al content on burning rate of Al-NaNO3 compositions burning in 
80% N2 - 20% 02 atmosphere (loading pressure = 10,000 psi) 
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Figure 2.  Effect of Al content and atmospheric N2/O2 content on luminous output 
(loading pressure = 10,000 psi) 
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Figure 3. Effect of Al content and atmospheric N2/O2 content on adjusted luminous 
efficiency (based on grams of Al) (loading pressure = 10,000 psi) 



The figures also illustrate that with 45 and 50% Al, the LO and LE rose rapidly 
from 0 to 20% O2, but the rise became less steep beyond this point, while both 

parameters increased linearly in this region for 35 and 40% Al. 

In order to understand these results, one must examine the spectra produced by 
these systems. Beardell (ref 6), as well as others working in the field point out 

that the radiation produced by pyrotechnic metal/NaNO 3 systems is ^ ^'^^l]^^^^^^ ^ 
greybody continuum (white light) produced by hot metal oxide P^^^^^^^f' ^^^'l °^ 
broLened sodium D-line emission. Consequently, as the oxide concentration and/or 
temperature increases, the greybody radiation increases and the flame color changes 
from yellowish (sodium emission) to whitish. This change in color corresponds to 

the changes in spectral distributions illustrated in figure 4. 

In the present studies, the Al did not burn in the atmosphere when the 
atmosphere consisted of pure N2, as shown by the fact that under these conditions 
the LO is the same as that obtained for the inert gas Ar (see fig. 5). In the N2 

atmosphere, the reaction is as follows: 

4A1 + 2NaN0 3 -> 2AI2O3 + N2 + 2Na. 

In this reaction, heat is produced, causing sodium D line emission and a small 
amount of greybody emission from hot metal oxides. In addition, some free Al vapor 
n also formed which does not burn in the atmosphere. When the 0 2 content of the 
atmosphere is increased, some of the vaporized Al reacts by the equation 

4A1 + 3 O2 > 2AI2O3 

to produce more greybody emission, making the flame whiter in color. The large 
increase in LO from 0 to 20% O2 atmosphere for 45 and 50% Al compositions as opposed 
to 3T and 40% Al is due to the larger amount of Al available to be vaporized and 

subsequently burned. 

Figure 2 shows that the slopes of the various curves increase as the Al content 
increases! Since the change in slope going from 45 to 50% Al is small the slope is 
apparently reaching a constant value. In general, as the compositions become 
increasingly metal rich, the excess metal begins to act as a strong heat-sink, 
causinr a 'reduction in the reaction rates of the processes occurring m the 

condensed phase and leading to eventual reduction m LO. 

Table 2 presents the results of analyses conducted to determine the amount of 
unburned ll present in the combustion products of several of these compositions. It 
if seen that' approximately 90% of the metal in the 40 and 50% Al con,posit.ons was 

consumed when the compositions were burned in P^^," ^.f "«f ^.^/.^l', compositions 
amount of Al remained in the residues produced by the 35 and 50% Al compositions 

burning in 20% O2 atmospheres. 
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Figure 5. Effect of various inert gases on luminous output of 50% Al - 50% NaN03 
composition (loading pressure = 10,000 psi) 



Table 2.  Amount of aluminum consumed in aluminum-sodium nitrate flares 

Composition by 
weight percentages 

A. 50 Al - 50 NaNOs 

R. ,35 Al - 65 NaNGs 

C. 50 Al - 50 NaNOs 

D. 40 Al - 60 NaNGs 

% G2 in No rraalized Actual fraction 
atmosphere Adjusted LE adj usted LE of Al Consumed 

20 16.9 0.45 0.54 

20 7.52 0.20 0.30 

100 37.6 1.00 0.90 

100 34.5 0.92 0.91 

The above data indicate that there may be a correlation between the amount of 
Al consumed and the light produced by the burning flare. The LE data in figure 3 
are based on the light produced per unit weight of Al, rather than on unit weight of 
composition. This method of representing the data makes it possible to compare 
directly the relative efficiencies of flares of varying Al compositions. Since the 
50% Al composition burning in 100% O2 produces the highest LE observed in this 
study, this LE was used as a standard. On this basis, the ratio of the adjusted LE 
for a given composition to that of the 50% Al-NaNO 2 composition burned in 100% O2 
should be a rough measure of the amount of Al consumed. When the ratios were com- 
puted and listed in table 2, such a correlation was found. For example, this ratio 
was 0.45 for a 50% Al composition burned in 20% O2 whereas the amount of Al actually 
consumed was 54%; for a 40% Al composition burned in 100% G2, the ratio was 0.92 
while the amount of Al consumed was 91%. 

Effect of Inert Gases on the Performance Characteristics 

Factors which may also influence the performance of the Al flare are the 
possibility of reaction with N2 in the high temperature flame, and heat loss from 
the flame zone by transfer to the surrounding atmosphere. To study these effects, 
ambient atmospheres containing He or Ar Instead of N2 were used with compositions 
containing 50% Al. The G2 content was again varied between 0 and 100%. The BRs 
shown in table 1 are essentially constant, irrespective of the inert gas used or its 
O2 content. This again indicates that radiative energy feedback to the burning 
surface is negligible. The substitution of Ar for N2 had no effect when there was 
no O2 in the atmosphere, but had a negative effect on LG at higher O2 content, as 
shown in figure 5. This can be explained by less fragmentation of the Al droplets 
in the flame zone for Ar-0 2 atmosphere. A better understanding of the burning of Al 
in inert and G2 bearing atmospheres together with resulting physical processes such 
as drop fragmentation, can be obtained from the interesting publication on Al and Be 
burning by Prentice (ref 7).  Some important excerpts for the paper are as follows: 

1. The stoichiometric oxide formed in the combustion process (AI2O3) is 
Insoluble in the metal and nonvolatile at temperatures occurring at the surface of 
the burning droplet. 

10 



2. Oxide accumulation on surface of droplet causes droplet dissymmetry 

resulting in spinning, oxide shedding, and fragmentation. 

3 The behavior of Al burning in 0 2/Ar mixtures represents the simplest 
straightforward burning of Al with no product accumulation on the surface during 
burning.  Burning in this case is a linear function of droplet diameter. 

4. Experiments show that N2, rather than being inert as had been supposed for 
some time, is an active participant in the combustion of Al in air. Nitrogen 
appears to be the responsible agent in causing the product to adhere to the droplet 

surface leading to geometric dissymmetry. 

5. Al droplets do not fragment in Oa/Ar. 

6. In summarizing the combustion of Al droplets in air and 20/80 02/Ar all of 
the following are pertinent: (1) the droplets spin in air but not in 02/Ar; U; the 
droplets jet in air but not in 02/Ar; (3) the droplets radiate less intensely in air 
than in 02/Ar; (4) the droplets fall more rapidly in air than in Oil^r; and (5) the 
total burn time is shorter in air than in 02/Ar. 

One major difference observed with the different inert gases was a 50% decrease 
in the LO from a pellet burned in pure He compared to that burned In pure N2 or pure 
Ar. The thermal conductivity of He is about 10-fold higher than that of N2 or Ar 
(ref 8). The increased thermal conductivity decreases the flame temperature by 
Increased transfer of energy to the surrounding gas. This results in reduction of 
radiation output produced by the oxidation of Al and reduction in grey body 

radiation. 

Effect of Loading Pressure on the Performance Characteristics 

The effect of loading pressure was studied by burning the 50% Al composition 
consolidated at 10 K and 33 K psi. The composition pressed at the lower pressure 
displayed a minimal change of BR of 17.0 to 19.1 cm/min (6.7 to 7.5 in./min) with 
increasing O2 content, but the BR for the composition consolidated at 33 K psi, 
decreased from 22.6 to 12.2 cm/min (8.9 to 4.8 in./min) as the atmospheric O2 

concentration increased. 

Figure 6 compares the LO's produced by the pellets at the two loading pres- 
sures. When burned in pure N2. the composition loaded at the higher pressure 
produced somewhat higher LO, due mostly to a slightly higher BR. However the 
addition of only 20% O2 caused a large increase in the LO for the composition loaded 
at 10 K psi, while that for the composition loaded at 33 K psi changed very 
little. Since the gaseous permeability of the pellet is reduced by half upon 
increasing the loading pressure from 10 to 33 K psi, the subsurface heating of Euel 
from hot gases permeating back into the composition is hi.idered, resulting m 
expulsion of metal droplets rather than metal vapor into the flame zone for the 
composition loaded at 33 K psi. Since these droplets do not burn completely before 

passing from the flame zone, the LO is reduced. 

11 
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Figure 6.  Effect of loading pressure and atmospheric N2/O2 content on 
luminous output of 50% Al - 50% NaNOs composition 
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Another problem encountered in the burning of this composition was the loss of 
fuel from the pellet itself. It was found that when the composition was burned in 
20 and 100% O2 atmospheres, a solidified mass of 20% and 3%, respectively, of the Al 
in the pellet was left unburned on the stand. This phenomenon did not occur for any 

other composition or atmosphere. 

The cause of this occurrence was the reduction of subsurface heating which 
allowed the metal to flow from the surface instead of vaporizing; the increase ia 
temperature caused by the addition of O2 to the atmosphere (ref 9) would help to 
reduce this problem, and since more of the pellet was burned, would result in 
apparently longer burning time. However, the expulsion of metal droplets into the 
flame mentioned above would keep the LO low compared to the composition pressed at 

10 K psi. 

CONCLUSIONS 

The burning process for Al-NANO3 compositions appears to fall into two parts: 
one in the condensed phase and the other in the vapor phase. Tn the condensed phase 
reaction, the nitrate melts and decomposes, and the Al melts and begins to vaporize. 
For the compositions pressed at low loading pressure, the above phenomena occur at a 
rate which is unaffected by the atmospheric composition, evidenced by the constant 
BR for each composition, and therefore heat and radiation feedback from the flame 

play a very minor role in the condensed phase process. 

The decomposition of excess NaNO3 will remove heat from the compositions with 
low Al content, resulting in a lower BR and LO (from slower vaporization of Al) and 
also in a cooler flame. This cooler flame would be very Inefficient in burning 
Al. Indeed, Ihis could cause nonpropagation when, as occurs in high O2 atmospheres, 
the burning process proceeds faster than vaporization can supply metal to the 
flame. The burning process would be slower in N2, however, and thus propagation 
would be possible in this atmosphere even for low metal compositions. 

Unlike the condensed phase reactions, the vapor phase burning is greatly 
affected by the atmosphere. Whereas the Al is vaporizing at a steady rate, the 
fraction of it which is actually burned is determined by the amount of atmospheric 
O2 with nearly all being consumed in pure 0 2, but with a great deal remaining 
unburned in 20% O2. it appears that there are two important processes which govern 
the combustion of' Al. The first is the coalescence of molten metal into large 
droplets encased in protective oxide shells. These shells inhibit the burning and 
may enable the droplets to pass through the flame zone unburned. The second factor 
is fragmentation of the coated droplets followed by complete burning of the 
fragments. This factor is enhanced by high fractions of both O2 and Al (ref 10), 
while the detrimental coalescence Is enhanced by high metal content but is affected 
very little by the atmosphere. We would then have coalescence predominating for all 
compositions in low O2 atmospheres, leaving much Al unburned. but with increasing 
fragmentation to negate this effect as O2 is increased. Coalescence would be 
(xreater for 50% than for 45% Al compositions, and therefore 45% Al produces the 
highest adjusted efficiency for all compositions studied. Fragmentation falls off 
more than coalescence as the Al content is reduced so that the composition 
containing 35% Al, burning in pure O2, produces an adjusted LE only 70% as great as 
that for the other compositions, due to its lesser fragmentation. 

13 



Prentice (ref 7) has shown that there is no fragmenting of Al droplets when 
burning in Ar-02 atmospheres, but that there is a great deal of fragmenting when 
using N2 instead of Ar. Therefore, in Ar atmospheres, fragmentation which in N2 
atmospheres normally overcomes coalescence in atmospheres with higher O2 content, is 
greatly reduced allowing more Al to pass from the flame zone unburned. The effect 
of this phenomenon can be clearly seen by comparing the LO of compositions burned in 
N2 and in Ar containing atmospheres (shown in fig. 5). The LO for the composition 
burned in Ar-02 atmospheres drops further and further below that for the composition 
burned in N2-O2 atmospheres as the O2 content in increased. 

When the loading pressure in increased, the condensed phase reactions and vapor 
phase burning are much more dependent on each other. The vaporization now is 
strongly affected by the heat from the flame, which is in turn dependent on the 
amount of O2 in the atmosphere. This is due to a reduction in the gaseous 
permeability of the composition, caused by the high loading pressure, which prevents 
hot gases from permeating back through the composition, to heat Al below the 
surface. In the hotter flame achieved In high O2 atmospheres, more of the Al is 
vaporized and burned, rather than being lost from the pellet. Because more of the 
pellet is therefore burned, the BR appears to become lower with Increasing 0 2* 
However, coalescence Is so strongly favored by the close packing of the metal In 
this composition that much of the Al still escapes from the flame unburned, and 
consequently the light output remains low. 

14 
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Al % 
BR 

Table 3.  Effect of aluminum content on burning rate 

(Loading pressure = 10,000 psl) 

35 40 45 30 
cm/mln  in./mln  cm/mln  In./mln  cm/min  In./mln  cm/mln In./min 

10.9 4.29 11.8 4.63 15.8 6.23 18.1 7.14 

Table 4.  Effect of aluminum content and atmospheric N2/O2 content on luminous 
output 

N2 - O2 

1 - 0 
0.8 - 0.2 
0.6 - 0.4 
0.4 - 0.6 
0.2 - 0.8 
0  - 1 

Luminous output (candles per In^-) 

35% Al 

4.25x10 3 
5.33 
10.3 
11.3 
18.0 
20.5 

40% Al 

7.26x10 3 
15.3 
19.1 
23.3 
31.5 
33.3 

45% Al 

10.2xl03 
28.5 
34.7 
44.1 
51.9 
49.8 

50% Al 

10. ,2x 103 
30, .5 
40, .5 
49, .1 
56, .1 
67 .1 
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Table 5.  Effect of aluminum content and atmospheric N2/O2 content on luminous 
efficiency 

N2 - O2 

Luminous efficiency (candles sec/g) 

35% Al 40% Al 45% Al 50% Al 

1       - 0 2.10X 10 3 3.005! :10 3 3.15X :10 3 2.75x103 
0.8  -  0.2 2.63 6.57 9.08 8.45 
0.6  - 0.4 4.84 8.33 10.9 11.2 
0.4 -  0.6 5.68 10.3 14.1 14.4 
0.2  - 0.8 7.28 13.9 16.8 15.6 
0      -  1 8.91 13.8 16.0 18.8 

Table 6.  Effect of aluminum content and atmospheric N2/O2 content on adjusted 
luminous efficiency (based on g of Al) 

N2 - O2 

Luminous efficiency (candles - sec/g of Al) 

35% Al 40% Al 45% Al 50% Al 

1       - 0 6.01x103 7.51: K10 3 7.00x10 3 5.58x10 3 
0.8 - 0.2 7.52 16.4 20.2 16.9 
0.6  - 0.4 13.8 20.8 24.3 22.4 
0.4 -  0.6 16.2 25.7 31.3 28.9 
0.2  - 0.8 20.8 34.7 37.4 31.3 
0      -  1 25.5 34.5 35.5 37.6 



Table 7.  Effect of Inert gases on luminous output of 50-50 Al-NaNO3 compositions 

Luminous output (candles per in2) 

N2 He Ar 

10.2x103        5.56x103 12.4x103 
30.5 12.2 30.2 
40.5 35.4 32.6 
49.1 51.9 38.3 
56.1 65.3 ^5.6 
67.1 67.1 67.1 

Gas - O2 

1 _ 0 
0.8 - 0. ,2 
0.6 - 0. ,4 
0.4 - 0. .6 
0.2 - 0. .8 
0 - 1 

Table 8.  Effect of inert gases on luminous efficiency of 50-50 Al-NaNO3 

compositions 

Luminous efficiency (candles - sec/g) 

Gas - O2 N2 
He  Ar 

1 _ 0 
0. .8 - 0. ,2 
0, .6 - 0. ,4 
0, .4 - 0, .6 
0, .2 - 0, .8 
0 - 1 

2.79x103 1.58x103 
8.45 6.02 

11.2 9.93 
14.4 14.1 
15.6 17.8 
18.8 18.8 

3. ,16?! :10 3 
8, .97 

10, .2 
11, .4 
14, .3 
18 .8 
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Table 9.  Effect of loading pressure and atmospheric N2/O2 content on luminous 
output of 50-50 Al-NaN0 3 compositions 

Luminous output (candles per in2) 

N2 - O2 P = 10 K psl P = 33 K psl 

1  - 0 10.2x103 
0.8 - 0.2 30.5 
0.6 - 0.4 40.5 
0.4 - 0.6 49.1 
0.2 - 0.8 56.1 
0  - 1 67.1 

17, .9x 10 3 
19, .4 
21, .6 
22, .1 
21, ,9 
25, .6 

Table 10.  Effect of loading pressure and atmospheric N2/O2 content on luminous 
efficiency of 50-50 Al-NaNO3 compositions 

Luminous efficiency (candles-sec/g) 

N2 - O2 P = 10 K psl P = 33 K psl 

1 - 0 2.79x103 3.36x103 
0.8 -  0.2 8.45 3.73 
0.6 - 0.4 11.2 4.78 
0.4 - 0.6 14.4 5.09 
0.2 - 0.8 15.6 5.77 
0 -  1 18.8 8.88 
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