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PICATINNY ARSENAL

Authorization: Ordnance Research and Development Division, ORDTH

Project No.: TW2-9201A; Second Progress Report

Priority Designation: 3A

Project Titlei Long Range Research on Pyrotechnics:
Burning Characteristics of Binary Mixtures.

Object: To conduct a fundamental study of the physical
and chemical characteristics of binary mix-
tures of, oxidizing and reducing agents employed
in pyrotechnic compositions to provide the
basic data from which pyrotechnic compositions
having specific characteristics can be formulated.

Summary: The physical, chemical and burning character-
istics of binary mixtures containing atomized
magnesium and the following oxidizing agents
have been determined: potassium perchlorate
and the nitrates of sodium, potassium, lithium,
barium, strontium and calcium. A more detailed
study was made of red light compositions con-
taining strontium nitrate, magnesium (both ground
and atomized), and organic binders and color
intensifiers. The major results may be
summarized as follows:

(a) The candlepower and burning rate values of
the binary mixtures studied, increased with
increasing amounts of magnesium to a maxi-
mum value which was obtained at 60 to 80
percent magnesium. This is far in excess
of the stoichiometric quantity of magnesium.

(b) Of all the oxidizing agents used in these
binary mixtures, sodium nitrate produced
the highest candlepower values which were
usually, though not always, accompanied
by higher burning rates. The efficiencies
(candle-seconds per gram) obtained with
sodium nitrate compositions were greater
than those obtained with all of the other
binary mixtures except those containing
calcium nitrate.

1
RESTRICTED



RESTRICTED

(c) With the addition of increasing amounts
of binder or color intensifier, the candle-
power and burning rate values of strontium
nitrate mixtures decreased, while the red
color values increased. However, red color
values greater than 0.40 were obtained only
when the binder or color intensifier was a
chlorine compound. Spectrograms showed that
in the absence of a chlorine compound, the
red color was due to SrO bands, while the
presence of a chlorine compound produced
red SrCl bands in addition to the SrO bands
already present.

Conclusions: Basic data were obtained from which red light
illuminant compositions can be formulated which
will have a wide variety of candlepower, color
and burning rate values. From these data, com-
positions can be formulated which will have
greater candlepower and color values for the
same burning rates than those now standard
for use in Aircraft and Ground Signals.

.For red color values greater than 0.40, the
presence of a chlorine compound is necessary
in strontium nitrate compositions. From the
data obtained it is concluded that the use of
sodium nitrate in standard white or yellow
illuminant compositions will increase the
efficiency of the compositions.
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INTRODUCTION:

1. It was proposed (Ref. A) that a long range basic research pro-
gram in pyrotechnic compositions be undertaken for the purpose of fur-
nishing the fundamental data necessary for the development of optimum
pyrotechnic compositions for photoflash bombs, reconnaissance flares,
signals for ground and air forces, tracer ammunition, and other military
pyrotechnics. The basic research program was approved (Ref. B) and this
is a progress report' covering the first phase of the fundamental study
of the physical and chemical characteristics of binary mixtures of
oxioizing and reducing agents employed in pyrotechnic compositions.

RESULTS:

2. The burning characteristics were determined for binary mix-
tures containing atomized magnesium, Grade A (Ref. C) and the following
oxidizing agents: potassium perchlorate and the nitrates of sodium,
lithium, potassium, barium, strontium and calcium. The data which are
given in Table I and Figures 1 to 3 may be summarized as follows:

(a) Candlepower and burning rate values increased with in-
creasing amounts of magnesium to a maximum value which was obtained at
60 to 80 percent magnesium (Figures 1 to 3).

(b) The maximum candlepower values were obtained with sodium
nitrate compositions.

(c) For compositions containing up to 60 percent magnesium,
the candlepower values decreased depending upon the oxidants employed.
The order was as follows: sodium nitrate, barium nitrate, strontium
nitrate, lithium nitrate, calcium nitrate, potassium nitrate and
potassium perchlorate.

(d) All of the above binary mixtures were found to be com-
paratively insensitive to impact and friction.

3. The effect of particle size and shape of the magnesium upon
the characteristics of strontium nitrate-magnesium mixtures mas studied,
(Table II). The results were as follows:

(a) Candlepower and burning rate values were found to increase
with decreasing particle size (Figures 4 and 5).

(b) Compositions containing ground magnesium gave higher candle-
power and burning rate values than those with atomized magnesium of the
same granulation.

(c) Strontium nitrate mixtures containing ground magnesium,

3
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Grade A (Ref. C) were found to have lower ignition temperatures and to
be more ignitable and more sensitive to friction than those mixtures con-
taining the corresponding atomized magnesium.

(d) With increasing amounts of ground magnesium in the com-
positions, larger amounts of gas were evolved in the 1200 C. Vacuum
Stability Test. Compositions containing atomized magnesium gave only
about 0.2 ml. of gas regardless of the amount of magnesium present.

4. A more detailed study was made of the physical and chemical
characteristics of binary mixtures of strontium nitrate and magnesium,
both ground and atomized. The effects of the addition of organic binders
and color intensifiers upon the characteristics of these mixtures also
were determined. The substances added were asphaltum, phenolformaldehyde
resin, polyvinyl chloride, ethyl cellulose, calomel and hexachlorbenzene.
The results are recorded in Tables III to X inclusive. Curves showing
the effect of the addition of these substances on the candlepower, burn-
ing rate and color ratio values of the compositions are given in Figures
6 to 23 and 29 to 32. Spectrograms were prepared (Figures 24 - 28).
The results may be summarized as follows:

(a) Lower candlepower and burning rate values were obtained
with increasing amounts of binder or color intensifier except in the
case of a few 80/20 mixtures of strontium nitrate and magnesium.

(b) Red color values increased with increasing amount of binder
or color intensifier. Color values greater than 0.40 were obtained only
where chlorine compounds were added.

(c) The addition of specific amounts of asphaltum, phenolformalds-
hyde resin or polyvinyl chloride decreased the candlepower and burning
rate values to a greater extent than the corresponding addition of ethyl
cellulose, calomel or hexachlorbenzene.

(d) The addition of polyvinyl chloride to strontium nitrate-
magnesium mixtures lowered the ignition temperatures about 300C. and
increased the ignitibility of the compositions when atomized magnesiums
Grade A, was employed. However, when ground magnesium, rads Aý, was
used, the ignition temperatures were increased about 460C. with the
addition of 10 or more parts of polyvinyl chloride. Here too, the
ignitibility of the compositions was increased.

(e) The addition of polyvinyl chloride did not appreciably
affect sensitivity to impact.

(f) In mixtures containing atomized magnesium, the sensitivity
to friction was increased slightly with increasing amounts of polyvinyl

4.
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chloride. When ground magnesium was employed, the sensitivity to
friction decreased with increasing amounts of polyvinyl chloride.
However, in no case was a reaction obtained when the fibre shoe was em-
ployed in the friction pendulum test. This may be due to the differences
in specific surface of ground and atomized magnesium of the same sieve
granulation.

DISCUSSION OF RESULTS:

5. Some of the most commonly used oxidizing agents in illuminant
compositions are potassium perchlorate and the nitrates of barium, strontium,
sodium and potassium (Ref. I). Therefore, a fundamental ntudy was begun
of the physical and chemical characteristics of binary mixtures containing
these oxidizing agents and magnesium.

6. Although it was recognized that calcium and lithium nitrates
are very hygroscopic, they were included among the oxidizing agents
studied in order to determine the effect of calcium and lithium on the
candlepower values of the compositions without introducing another factor
such as a different anion. Should the presence of calcium and lithium
be found desirable as spectral emitters, less hygroscopic salts than the
nitrates would be employed. Because of their hygroscopicity, calcium
and lithium nitrates are not likely to be used in pyrotechnic compositions.
Therefore, characteristics such as ignition temperature, ignitibility,
and sensitivity to impact and friction were not determined for composi-
tions containing these salts.

7. The higher candlepower values obtained when the magnesium was
present in excess of the stoichiometric quantity are believed to be due
to the flames produced by the excess metal burning in air. It was ob-
served that the size of the flame increased with increasing amount of
magnesium in the compositions within the range studied.

8. The color of the flames produced by these binary mixtures was
essentially white. However, the sodium nitrate mixtures gave a yellow
tinted flame due to the spectral lines of sodium, the barium nitrate
mixtures gave a green tinted flame due to spectral bands of barium
oxide and the strontium nitrate mixtures gave a pink tinted flame due
to spectral bands of strontium oxide. Compositions containing potassium
nitrate and potassium perchlorate gave almost pure white lights, since
potassium salts yield very few spectral lines in the visible region.
Calcium nitrate mixtures gave light orange flomes due chiefly to the CaO
band. Lithium nitrate mixtures gave a very pale pink flame due to
lithium lines.

9. After obtaining the characteristics of the binary mixtures,
such as candlepower, burning rate, color value, ignition temperature,
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ignitibility, sensitivity to impact and friction, and liberation of gas
in vacuo at 1200 C., it was decided to make a detailed study of the strontium
nitrate-magnesium mixtures for the purpose of developing improved red
light compositions. Here it was observed that ground magnesium mixtures
gave considerably more gas in the 120 0C. Vacuum Stability Test than atomized
magnesium mixtures (Table II). Analysis of the gases evolved when ground
magnesium was heated showed that they contained over 95 percent hydrogen.
According to E. G. Bobalek and S. A. Shrader of the Dow Chemical Company
(Ref. D), the gases ordinarily extracted from magnesium and its alloys
consist of about 85 percent hydrogen, 10 percent oxides of carbon and less
than 5 percent nitrogen. R. S. Busk and E. G. Bobalek (Ref. E) have shown
that the hydrogen found in metallic magnesium and its alloys is due
chiefly to the reaction of the magnesium with atmospheric moisture.
They found that the storage of degassed metal in a hydrogen-filled desicca-
tor for as much as six months did not affect its hydrogen content.
However, when exposed for a few days to the normal humid atmosphere,
the same metal absorbed hydrogen readily. They concluded that hydrogen
forms an interstitial solid solution with magnesium to the extent of
15 to 20 cc. per 100 grams of metal.

10. Since magnesium normally reacts with water at room tempera-
ture with the formation of magnesium hydroxide, the presence of hydro-
gen on the surface is normal under atmospheric conditions. However,
since the extent of this reaction or corrosion is dependent upon the area
of the surface exposed, atomized magnesium particles, which have a much
smaller surface than ground magnesium particles for the same granulation,
will contain less hydrogen on the surface than ground magnesium.

11. Binary mixtures containing strontium nitrate and ground magnesium,
Grade A, were found to be more ignitible and more sensitive to friction
than similar mixtures containing atomized magnesium, Grade A (Table II).
This is believed to be due to the greater surface area of the ground
magnesium. However, upon the addition of polyvinyl chloride to mixtures
containing either type of magnesium, the ignitibility and sensitivity
to friction of the resulting corresponding mixtures were approximately
the same (Tables IX and X). In no case was a reaction obtained with
the fibre shoe, in the pendulum friction test, indicating that it was
safe to load these compositions in paper or fiber cases.

12. From the results obtained in Tables III to VIII., the effect
of the addition of a binder or color intensifier to a binary mixture of
strontium nitrate and magnesium upon the candlepower and burning rate
appears to be a function of its binding character. Thus, substances
which have the stronger binding action such as asphaltum, phenolformalde-
hyde resin and polyvinyl chloride, produced lower candlepoter and burning
rates than those which have less binding action such as calomel, hexachlor-
benzene and ethyl cellulose. The last would probably have a better bindcbng

6
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action if used in an alcoholic solution for wet mixing. However. only dry
blending was employed in this study. The effect of wet blending will. be
studied and reported at a later date.

13. From the spectrograms prepared for each of the strontium nitrate
compositions (Figures 24 to 28) it is evident that the red color of the flame
for those compositions in which no chlorine compound was employed, was due
to SrO bands at wavelengths of 5940 to 6500 Angstrom units. According to
P. C. Mahanti (Ref. F) the bands marked SrO in Figures 24 to 28 are due to
Sr2. Some other observers, however, suggested that they were due to SrO
(Ref. M). Therefore, spectrograms were taken at this Arsenal of strontium
chloride excited in an atmosphere of nitrogen and in air. The SrO bands
were very intense in the spectrograms taken in air. However, in nitrogen.
these bands almost disappeared. This indicated that they were most likely
SrO bands. The presence of very feeble bands of SrO when an atmosphere of
nitrogen was used, is probably due to traces of oxygen in the nitrogen gas
and in the electrodes (Fig. 33). Attempts are being made to further purify
the nitrogen and to degass the electrodes. The strongest SrO band was found
between 6,000 and 6,100 Angstrom units in the orange region, whereas the
other less intense SrO bands occurred chiefly in the red region. Therefore,
the light produced was essentially orange. Since the glass filter No. 2412
employed in measuring the red color value does not transmit very much light
in the orange region (Ref. G), the red color values of these compositions
were low.

14. A deep red light, rather than an orange light is desirable for
pyrotechnic compositions. Therefore, it was necessary to add substances to
the binary mixtures of strontium nitrate and magnesium which would produce
intense bands in the red region of the spectrum. It was found (Ref. G)
that chlorine compounds, when added to strontium nitrate mixtures, produced
strontium chloride (diatomic SrCl)'bands in the red region which are very
much more intense than the SrO bands. Therefore, the addition of chlorine
compounds produced much higher red color values under proper excitation
conditions. The addition of asphaltum, ethyl cellulose and phenolformalde-
hyde resin, none of which contains chlorine, gave a maximum red color value
of 0.41. The increase in color value with increasing amount of these three
substances was due to the decrease in the flame temperature. However, with
the addition of polyvinyl chloride a maximum red color value of 0.55 was
obtained, while the addition of hexachlorbenzene gave 0.52.

15. The color values as expressed above and in accordance with the
present standard procedure (Ref. G) represent only relative saturations.
They do not describe the actual hue of the flame. Therefore, a new I.C.I.
color meter is being developed at this Arsenal which will measure the I.C. I.
trichromatic coefficients of the flame-colors. These values will describe
both the hue and the saturation of the colors.

7
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16. The spectra shown in Figures 24 to 28 are qualitative, indicating
only the nature of the emitters. Work is in progress which will determine
the quantitative distribution of spectral intensity for these and other
compositions. From the quantitative data, it is believed that the flame
temperatures and other data necessary to formulate a flame theory for
pyrotechnic compositions, may be obtained.

17. Of the binders and color intensifiers tested, only polyvinyl
chloride behaved as both a binder and color intensifier. Compositions
containing polyvinyl chloride appeared to burn much more smoothly and
evenly than those containing hexachlorbenzene. This is believed to be
due to the binding action as well as the presence of hydrogen in the
polyvinyl chloride, whereas hexachlorbenzene is completely saturated with
chlorine and contains no hydrogen. The data in Tables V and VIII, show
that for similar compositions, larger red color values were obtained with
the addition of polyvinyl chloride than with the addition of hexachlor-
benzene to strontium nitrate-magnesium mixtures.

18. Because of the use of calomel in the standard Army M3 tracer
composition (Ref. H), the effect of calomel on strontium nitrate-magnesium
mixtures was included in this study (Table VII). Despite the fact that
calomel contains chlorine, the highest red color value obtained with it
was 0.36. The low color values are believed to be due to the fact that
proper excitation conditions were not obtained. As indicated by the high
candlepower values, the addition of calomel did not lower the flame tem-
peratures as much as polyvinyl chloride or hexachlorbenzene. A higher
red color value is obtained with the standard M3 tracer composition
because in addition to the 23 percent calomel, there is present 9 percent
asphaltum which lowers the flame temperature sufficiently to excite the
SrCl molecules.

19. In October 1945 (Ref. I) a compilation was made of data on
the characteristics of illuminant and signal compositions. Tables V, V1
and VII of this compilation contain the essential data on all pyrotechnic
items employing illuminant compositions and used in World War II. A
comparison of the burning characteristics of a number of the red light
compositions used in aircraft and ground signals with the burning character-
istics of strontium nitrate, magnesium, polyvinyl chloride mixtures as
given in Table X of this report shows that red light illuminant compositions
can be selected from Table X which will have increased candlepovwer values
for the same burning rate and color value (Table XI). In some cases im-
proved color values together with increased candlepower values can be
obtained.

CONCLUSIONS:

20. Basic data were obtained for binary mixtures from vwhich it

8
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may be concluded that:

a. Candlepower and burning rate values increase with increasing
amounts of magnesium beyond the stoichiometric quantity up to about 60
to 80 percent magnesium.

b. Compositions containing spectral emitters in the visible
region yield higher candlepower values than compositions which do not
contain these emitters.

c. In the absence of organic substances, the binary mixtures
containing atomized magnesium are comparatively insensitive to impact
and friction.

21. From a more detailed study of binary mixtures of strontium
nitrate and magnesium it may be concluded that:

a. Candlenower and hbirninp '-e values increase with decreasing
particle size or with increasing surface area of magnesium.

b. Compositions containing ground magnesium give higher
candlepower values accompanied by faster burning rates than those with
atomized magnesium of the same granulation.

c. In the absence of organic material, mixtures containing
ground magnesium are more ignitable and somewhat more sensitive to
friction than those containing atomized magnesium. However., with the
presence of increasing amounts of polyvinyl chloride in mixtures con-
taining both types 6f magnesium, the ignitability and sensitivity to
friction of the resulting mixtures are approximately the same.

d. Ground magnesium contains much more occluded gas than
atomized magnesium.

e. A chlorine containing compound is required in strontium
nitrate-magnesium mixtures to produce red color values greater than
0.40. Polyvinyl chloride is satisfactory material for this purpose and
produced red color values as high as 0.55.

f. Basic data was obtained from which red ligtht illuminant
compositions can be formulated which will have greater candlepower and
color values for the same burning rates than those no standard in
Aircraft and Ground Signals.

EXPERIMENTAL PROCEDURE. '

Materials

22. The following substances employed in this study were of

9
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specification grade:

Magnesium, Type II, Grade A Consolidated Mining and Smelting Co.,
Canada.

Magnesium, Type II, Grade C Golwynne Chemical Co.
Magnesium, Type I, Grade A National Magnesium Co.
Magnesium, Type II, Grade C Magna Mfg. Co.
Sodium nitrate.
Strontium nitrate.
Barium nitrate.
Potassium nitrate.
Potassium perchlorate.
Calomel.
Hexachlorbenzene.
Polyvinyl chloride.
Asphaltum.
Ethyl cellulose.

In addition to the above, the following materials were also employed:

Lithium nitrate, C.P.
Calcium, nitrtate, G.P.
Phenolformaldehyde resin B.R. 4036 Bakelite Co.

Procedures

23. The compositions were blended by passing the ingredients
five times through a No. 30 U.S.Standard sieve. The compositions were
pressed into thin walled paper cases, 1-4 square inches in crossectional
area, in 5 increments of 50 grams each at loading pressures of 6,000
psi. and 10,000 psi. The candles were tested burning end upward at a
distance of 32 feet in accordance with Specification No. 50-56-1 (Ref.
G).

0.
24. The 120 C. Vacuum Stability Tests were conducted and the sen-

sitivity to impact and friction determined by standard Arsenal procedures
(Ref. J5.

25. The ignitability tests were conducted in the Tracer Starter
Sensitivity Tester (Ref. K) modified so as to accomodate a standard
40 mm. Navy Uk. II tracer body which was used as the test piece (Ifef.
L). The compositions were loaded into these test pieces at 10,000 psi.

10
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Table I

C@aractaisti8e of Binar, Mixures •ontaining Widiansa A.jnts and Atomized vagnesium•G•rade A (oef. 0).

Norisontal
OoepMitioef 8"0l0o9 IWnitability innact Pendulum Friction 120°C. VaoUM Efihel

puts kg ilm Intensity aMrMt Yellow Ignitio A4 Black Test h Stability Candle
odM AGn. Ur. A Candles Per aste Color UTepertum. Powder B.M.App., SeeI ibre est, Density Seconds

Nitrate vlohelim. Bonn Inch i./aIn. Val- m ma c. Shoe Shoe 0=,,/4O hbs. ome./o, RlLP

8D 20 4,500 2.4 - 635 >5 85 None - 0.30 1.91 3,600
70 30 37.7 - 630 5 95 None - 0.35 1.67 9,700
58 42 23.1 0.025 630 0.5 1 None - 0.32 1.82 15.500
54 46 155,000 15.6 0.024 635 0.5 2 Noew - 0.31 1.79 20,000
9D 50 180,000 18.8 0.026 635 1.25 N00 None - 0.36 1.74 20,000

40 60 386,000 21.7 0.029 620 1.25 200 None - 0.32 1.71 31,000
3D 70 685,O00 39 0.036 620 1.75 100 None - 0.32 1.65 36,000
25 75 785,000 43 0.033 > 5 1 None - 1.62 41,000
20 so 570,000 43 0.038 570 2.75 2/ nonew 0.33 1.59 30,000D
15 65 445,000 32 0.041 570 100 None - 0.23 1.51 33,000

Barlum Atm. Or. A
Nitrate M L--

80 20 6,500 2.9 pale peen 680 > 5 200/ Nooe - 0.25 2.48 3,300
68 32 45,000 5.1 Pale gren 670 >5 0 Nne - 0.25 2.24 14,000
61 36 53,00 6.7 paegreen 640 P5 1000 None - 0.15 2.21 23,000
60 40 59,500 10.7 pale green 635 05 2*00 None - 0.18 2.08 9,800
50 90 186,000 26.8 pale green 615 1.25 None - 0.21 1.96 13,000
40 60 380 38.1 pale peon 625 1.25 200/ None 0.16 1.8 17,500
30 70 36,0 40.) Pal en 615 5 10, None - 0.20 1.4 17,500
20 80 brratic Buning 625 75 200 None - 0.22 1.9

Strontium Atam. Or. A Ned Color
Nitrate M-miesium Value

so 20 10,500 2.7 0.20 615 > 5 1o/ None - 0.13 2.32 6,500
70 30 34,000 6.0 0.19 600 p 5 00/ None - 0.16 2.05 10,000
63.5 36.5 50,500 7.7 0.18 600 7p5 None - 0.15 1.95 12,500
60 40 608500 8.9 0.16 600 l5 100/ None - 0.14 1.92 12,000
50 50 152,000 21.1 0.22 610 75 90 None - 0.24 1.79 124,0
40 60 260,500 24.8 0.24 610 >5 200 None - 0.19 1.72 22,000
3D 70 309,000 28.0 0.26 615 ;I 2 None - 0.27 1.63 24,000
25 75 2i6,000 24.0 0.31 620 75 1 None - 0.18 1.57 27,500
20 80 250,000 20.4 0.27 610 5 2.1 None - - 1.52 33,000

Lithium Atom. Gr. A Red Color
Nitrate me - Value

so 20 Erratic Burning 1.8 -

70 30 21,000 6.01 0.17 1.17 7,200
60 40 78,500 13.3 0.16 1,U 12.,50
53 47 109,000 13.9 0.18 1.62 17,50
40 60 236,000 27.9 0.20 1.5% 20,000
30 70 350,000 41.6 O.21 1.49 20,000
20 80 390,000 45.1 0.20 1.43 22,009

Calcium Atom. Or. A Mod color
Nitrate - im Veslmve

80 20 3,500 1.8 0.22 1.99 3,500
70 30 25,000 4.0 0.16 1.96 11,500
57 43 64,000 6.8 0.16 1.86 18,500
52 48 86,000 8.4 0.18 1.m 20,000
40 60 18,000 12..5 0.25 1.73 32,000
30 70 38,000 22.0 0.28 1.56 40,000
25 75 400,000 23.3 0.29 1.51 41,000
20 so 362,000 21.5 0.30 1.50 41,000

Potassium Atom. Or. A
Nitrate va~meiulm

so 20 900 2.3 White 660 so 80 None - 0.16 1.81 aOD
70 30 1,100 4.7 White 650 2.75 80 None - 0.13 1.79 500
02 38 27,500 6.9 White 660 1.5 90 None - 0.15 1.73 8,400
58 42 36,000 8.5 White 655 2 75 Non - 0.21 1.72 9,000
50 50 5ss000 133 White 650 1.75 90 None - 0.15 1.68 9,OO0
40 60 86,000 22.8 White 645 1.75 90 None - 0.13 1.62 9,000
30 70 119,000 29.3 White 635 1.5 100 None 0.23 1.56 9,w00
25 75 216,000 31.1 mite - 4 1000 Nonm 0.19 1.53 9,000
20 80 70,000 26.4 White 630 > 5 2t None 0.13 1.53 6,300

Potassium Atom. Jr. A
Ferchlorate V/A~rflium

90 20 2,500 2.2 White 700 )1 200/ None - 0.30 1.91 2,100
70 30 17,50 3.8 White 71.0 7 5 100 None - 0.24 1.78 9,500
59 41 37,000 5.2 White 705 "v5 0 100 oaN N 0.28 1.72 15,000
50 50 45,000 7.0 White 715 75 100/ None - • 0.25 1.66 21,ODO
40 60 54,000 10.3 White 700 1 100/ None - 0.26 1.60 12,000
30 70 lIl,O00 q2.5 White 700 None - 0.35 1.54 14,500
0 s 2,o00 i0t '4ite - 101, None - 0.22 1.51 12,500

1i 85 1b7,000 47 White 10Z !Ionsne - -4,5D

a Loadtna Pressure 10,000 Pei. in 1.4 Sqftre Inch Candle Cases.

MtSTITIM. 6-3j71.
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Table X

tlaracteeristics of Pyrotechnic Compositions Contaln~r.i .trontium Nitrate, Atomizod !!A.Inesi•m,

Grade A and "ol1vinyl Chloride.

Hlorizontal I(nitability
Composition A Luminous Igition at 10,0001 paI. Impact Pendulum Friction 120

0C. VaAum Micency
bZ8 Lght Intensity Burning Color Thnar- A4 Black Teat. Test .jeaction with Stability Candle

strontium Ato. r.A FoIY inyI Candles Per !ate, Value ature, Powder, D...App., .lteel Fibre Test, Density Second*
Nitrate Magnesium Chloride Square Inch in./nd lkd_ 

0
C. gm M. Shoe Shoe cc.gaz/4O hre. MAS./OO Per Grass

O0 20 0 10,500 2.7 0.20 615 > 10 None - 0.13 2.32 6,500
1 10.000 3.5 0.22 575 1 None - 0.19 2.20 4,850
5 13,000 3.9 0.25 570 75 100 None - 0.24 2.16 5,500

10 21,000 4.1 0.27 510 75 1o00 None - 0.36 2.12 4,50
15 13,000 4.1 0.37 560 1.00 16 16 crackles None 0.10 2.06 5,600
20 10,000 3.4 0.44 555 0.75 1 None - 2.07 5,30

70 30 0 34,000 6.0 0.19 600 5 1 Lone - 0.16 2.05 10,00
1 33,500 5.4 0.19 570 >5 1 12 crackles lione 0.29 2.06 1LO00
S 33,0o0 5.3 0.20 565 0.75 100 flown - 0.18 2.07 9,000

10 27,000 4.8 0.24 515 0.75 00 13 Crackles None 0.32 1.95 10,500
15 25:OO0 4.8 0.40 550 1.00 10 21 crackles fleon 0.11 1.95 10,000
20 25,000 3.8 0.46 555 0.75 1W None - - 19 " .2,500
25 22,000 4.5 0.49 550 1.00 1W :lone - 0.22 1.85 9,500

63.s 36.5 0 50,500 7.7 o.01 600 >s 10oo/ "one - 0.15 1.95 122,00
1 50.000 7.5 0.17 71 1S 100/ 6 crackles None 0.18 1.91 12,000

5 43,000 6.1 0.21 570 0.75 1.W Nios - 0.17 1.96 13,000
10 29,000 5.4 0.32 545 1.0 10 8 crackles 1one 0.30 1.93 10,000
15 32,000 4.9 0.42 575 u.75 10 19 crackles None 0.09 1.88 12.500
20 33,000 4.3 0.46 560 0.75 1 None 0 1.89 15,000
25 31,000 4.6 0.51 570 0.75 100 one - 09 1. 13,500

60 40 0 .8,500 8.9 0.16 600 Js 10/ Nione - 0.11 1.92 12,000
1 65,000 10.1 0.20 570 5 1C00 None - 0.21 1.8" 12,50
5 45,50D 7.4 0.25 570 1.03 10 11 crackles Mone 0.23 1.90 12,000

D0 36,000 5.7 0.35 540 1.00 1 6 crackles low 0.21 1.90 12,000
15 38,000 5.1 3.43 570 0.75 2 2. crackles Non 0.16 1.84 214500

20 41,50 4.4 U.49 570 1.00 I NIone -- 1.86 18,500
25 33",50 4.7 0.51 %60 0.75 1 one 0.20 1.74 25,000

50 50 0 152,000 21.1 0.22 610 > 5 90 Now - 0.14 1.79 14,500
1 2114000 13.8 u.25 560 W5 lot# None - 0.21 1.1 5,500
5 67,000 7.8 0.28 555 1.25 2W 30 crackles None 0.21 1.30 16,000

10 75,000 6.1 0.35 550 1.25 zoo 7 crackles None 0.12 1.78 aso00
15 55,000 5.4 U.45 575 1.00 100/ 9 crackles None 0.13 1.76 19,500
20 45,,5D 4.9 0.53 570 0.75 10/ N-one -1.78 19,000

25 37,000 5.2 0.52 560 1.00 None - 0.23 1.68 1 5,50

0 60 0 2.50 .4.8 0.24 olu 705 10 None -. 0.19 1.72 22,000

1 170,000 17.3 U.4 570 5 100/ ,lone - 0.19 1.72 20,5

5 M,00U 9.3 13.1(3 575 s 1.2" 0 ime - O.5. 1.70 20,000
t0 88,00 6. U..441 565 1.00 9 orackles NoW5 0.12 1.69 25,000
15 74%00 5.7 0.47 570 1.00 95 9 evesklas None 0.18 1.69 28,000
20 35,000 4,.7 .1.5 5W0 1.00 iono - - 1.69 26,000

25 16,000 S. 0.5S3 55 1.00 Mone - O.x 1.64 7,000

30 70 0 )07,000 14.0 (1.26 615 75 10/ one 0.27 1.63 24,000
1 292,000 18.3 0i.2i6 545 5 100 None 0.,U 1.62 36,000

5 125,v000 .4 (1.39 575 )5 1W Nons - 0.37 1.62 33,500
10 56,000 5.8 0.48 535 0.75 1 lons - 0.13 1.61 23,000

15 22,000 5.0 (0.55 575 LOU I00 Nmom 0.18 1.61 10,000
20 13,500 4.7 0.51 51 5 1.00 1 on - - 1.62 6,500

20 80 0 250,00) 20.4 0.27 610 •5 101W Wone -o . 1.52 33,000
1 214,0(XX 13.4 0.32 595 25 10001 Non 0.23 1% 38,000

5 77,0,0 6.8 0.43 605 75 100v oJ - 0.32 1. 26,500
10 26,00 4.8 0.48 60U 75 2W None - 0.16 1.55. 10,50
15 21,500 4.2 0.48 590 0.75 .0 None - 0.20 1.53 6,500
20 9,500 3.9 0.49 S80 - 0 None - - 1.59 6,O00

1 5 8 0 0 Irratio
1 71,5W 8.0 0.35 6W 75 100/ Nine - 0.22 1.50 21,500

5 34,UXD 5.9 (.43 605 05 100/ None - 0.36 1.51 14,000
10 12,00(3 5.6 0.43 601) 75 100; None - 0.16 1.52 5M00
15 6,500 4.3 0.43 605 >5 1* Nooe - 0.18. 1.50 3,500

. LodLtP preSsure 1:,,W0 psi. in 1.4 Squta Innch Candle (.ases.
;U :'.J• CT:I) I3l3744
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Horizontal LumiUnous, Intensity Val ues .. t....
*of B~inary Mixtures Containing Oxidizing .. ...Agents and Atomized Magnesium, Grade A

Loading Pressure 10,000 Pounds Per
4 Square Irch
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Figure 8
Effect of Asphaltum Upon the Color Value of Mixtures Containing

Strontium Nitrate and Ground Uagnesium, Grade A
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Effect of Phenolformzaldehyde Resin Upon the Candlepower of MixturesContaining Strontium Nitrate and Ground Magnesium., Grade A
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STR ONTIUM NITRATE, PART S
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Figure 11
Effect of Phenolformaldehyde Resin Upon the Color Value of Mixtures

Containing Strontium Nitrate and Ground Magnesium,, Grad. A
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Figure 12
Effect of Polyvinyl Chloride Upon the Candlepower of MixturesContaining Strontium Nitrate and Ground Magnesiium,. Grade A
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Figure 15
Effect of Ethyl Cellulose Upon the Candlepower of Mixtures
Containing Strontium Nitrate and Ground Magnesium, Grad. A
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Figure 16
E~ffect of Ethyl Cellulose Upon the Burning Rate of Mixtures
Containing Strontium Nitrate and Ground Magnesium,, Grade A
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Figure 17
Effoct, of Ethyl Cellulose Upon the Color Value of Mixtures
Containing Stontium Nitrate and Ground Magnesium., Grade A
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Figure 23
Effect of' Hexachlorbenzene Upon the Color Value of Mixtures
Containing Strontium Nitrate and Ground Magnesium., Grade A fo,
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Figure 24
Spectrogram. of Strontium Nitrate / Magnesium/

Asphaltum Mixtures
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Figure 25
Spectrograms of Strontium Nitrate / Magnesium /

Asphaltum Mixtures
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Figure 27
Spectrograms of Strontium Nitrate / hgnesium Ethyl

Cellulose Mixtures
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Spectrograms of Strontium Nitrate / Maipnesium /

Hexachlorbenzene Mixtures
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