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Ordnance Research and Development Division, ORDTM
TM2-92014; Second Progress Report
3A

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

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 pe formulated,

The physical, chemical and burning character-
istics of binary mixtures containing atomized
magnesium and the following oxlidizing 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 atamized), and organic binders and color
intensifiers. The major results may be
summarized as follows:

(a) The candlepower and buming 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.
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(¢) 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
ih 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,

.Basic data were obtained fram 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 Alrcraft 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.

2
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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

_oxidizing 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,
lithlum, 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,

(e) 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 was 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 magrnesium gave hisher candle-~ -
power and burning rate values than those with atomized magnesium of the .
same granulation.

(¢) 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 120°C. Vacuum
Stability Test. Compositions containing atomized magnesium gave only
about 0,2 ml. of gas regardless of the amount of magnesium present.

4e 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.

(¢) The addition of specific amounts of asphaltum, phenolformalde-
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 hexachlorbenzense,

(d) The addition of polyvinyl chloride to strontium nitrate-
magnesium mixtures lowered the ignition temperatures about 30°C. and
increased the ignitibility of the compositions when atomized magnesium,
Grade A, was employed. However, when ground magnesium, Grade A, was
used, the ignition temperatures were increased about 40°C, 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

L-
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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 study 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, calecium
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.
Caleium nitrate mixtures gave light orange flames due chiefly to the Ca0
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,

5
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ignitibility, sensitivity to impact and friction, and liberation of gas \
in vacuo at 1209C,, it was decided to make & 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°C. 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
amaller surface than ground magnesium particles for the same granulation,
will contain less hydrogen on the surface than ground magnesium.

11l. Binary mixtures containing strontium nitrate and ground magnesiunm,
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 & reaction cbtained 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 & blnary mixture of
strontiun 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 candlepower 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 binding

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 Sr0 bands at wavelengths of 5940 to 6500 Angstrom units. According tc
P. C. Mahanti (Ref. F) the bands marked SrO in Figures 24 to 28 are due to
Sro. Some other observers, however, suggested that they were due to Sr0
(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 SrQ 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 strontiun 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.ZI.
trichromatic coefficlents of the flame-colors, These values will deseribe
both the hue and the saturation of the colors,

7
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16. The spectra shown in Figures 2, 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 gquantitative 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.chow
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, VI
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 gselected from Table X which will have increased candlepower 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 binmary mixtures from which 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 atomlzed 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 burnine wate 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.

¢. In the absence of organic material, mixtures containing
ground magnesiun 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 of magnesium, the ignitability and sensitivity to
friction of the resulting mixtures are approximately the same,

d. Ground magnésium 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 satisfastory material for this purpose and
produced red color values as high as 0,55.

f. Basic data was obtained from which red light illuminant
compositions can be formulated which will have greater candlepower and
color values for the same burning rates than those now standard 1in
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:

ILithium nitrate, C.P.
Calcium, nitrate, C.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, l.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
d%stance 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-
?itivit to impact and friction determined by standard Arsenal procedures
Ref. J).

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

10
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ENTRICTHY
Table X

Characteristics of I'vrotechnic Compositions Containing Strontium Nitrate, atomized ltagnesium,
Grade A and rolyvinyl Chloride.

florizontal Irnitability
Composition & Luninous Ignition at 10,00) pei. Ispsct  Pendulum Friction 120°C. Vacuum 2eticioncy
Parts by Height Intensity  Burning Color Tanper= A4 Black Teat Tost .eaction with Stability Candle
Strontium Atom, Gr.A Folyv: Candles Ter Hate, Value ature, Powder, BoM,Appe, Steel  Flbre Test, Density Seconds
Nitrate ¥agnesius Chloride Square Inch in./ain. led  _°C.  __ grems  _em. _ Shoe  Shoe  gccogas/LO brs. gns./ec. PerOrem
% 2 o 10,500 27 0.20 615 >5 1004 None - 0.13 2,32 6,500
1 10,000 3.5 O 575 >5 1004 None - 0.19 2,20 4,850
5 13,000 3.9 0,28 570 >5 100 None - [ 7% 2,16 5,500
10 s 4l 027 s10 >5 1004 None - 0.36 2,12 4,560
15 13,000 4l 0 560 1,00 1004 16 crackles None 0,10 2,06 5,600
0 10,000 3.4 Oulils 555 0.7 1oof None - 2,07 5,300
70 k¥ 0 34,000 6,0 0,19 600 >5 1004 hone - 0.16 2,05 10,000
1 33,500 5uk 0,19 $70 >5 100 12 crackles lone 0.29 2,06 11,000
5 33,000 5¢3 0,20 848 0.75 100 None - 0.18 2,01 9,000
10 27,000 4.8 0,28 515 0,75 100 13 orackles None 0,32 1.95 10,500
15 25,000 4.8 0.40 550 1,00 1004 2 cracikles lone 0.11 1,95 10,000
20 25,000 3.8 0.46 555 0,75 1004 None - - 1,95 42,500
25 22,000 45 0.49 550 1.0 100 Yone - 0,22 1.85 G500
6.5 %.5 o 50,500 7.7 018 60 >5 100/ rone - 0.15 1.95 12,500
1 50, 000 7.5 0,17 ns > 1704 6 crackles HNone 0.18 1,98 12,000
5 43,000 6.1 0.21 570 0,75 1304 None - 0.17 1.96 13,000
10 29,000 Sels 0,32 545 1.0 1004 8 erackles ‘'lone 0.30 1.93 10,000
15 32,000 4e9 0,42 578 U 75 1004 19 crackles Nome 0,09 1.83 12,500
20 33,000 43 Uaish 560 0.75 1204 None - - 1.89 15,000
25 21,000 bet 0,51 570 0.75 1004 None - 0.19 1.82 13,500
] 40 1] o8, 500 8,9 0,16 600 > 1004 None - 0.1 1,92 12,000
1 68,000 10.1 0,20 570 5 1004 lone - 0.2 1.8 12,500
5 45,500 [ 0,28 90 1.0 1004 11 crackles None 0.23 1.90 12,000
10 36,000 5.7 0,38 L0 1,00 1004 6 orackles Nons 0.2 1.90 32,000
15 38,000 5.1 i3 570 0,75 1004 2, crackles None 0.16 1.8, 14,500
20 41,500 Py (] 570 1,00 1004 - Nons - - 1.8 18,500
B 33,50 be? 0,51 560 0,75 1004 Rone - 0,20 1% 15,000
50 50 0 152,000 21.1 o 610 b %0 None - 0.1 1.79 U,
1 114,000 13.8 us25 560 5 1004 None - 0.2 .8l 15,500
s 67,000 7.8 0,28 555 1.25 1004 10 crackles Nohe o.a 1,80 16,000
10 75,000 6,1 0,38 550 1,25 1004 7 orackles None 0,12 1.78 25,000
15 55,000 5.8 U8 575 1. 1004 9 crackles None 0.13 1,76 19,500
45,500 he9 V%I 570 0.73 1004 None - - 178 19,000
25 o 8,2 w52 560 1,00 1004 None - 0.23 1,68 13,500
4 &0 0 5 Uoe8 0.2k olu b 3] 100 None - 0,19 1.72 22,000
1 170,000 17.3 0,26 570 >5 1004 Hone - 0,19 1.72 20,500
Hd B 9.3 30 575 1.25 004 Kons - Qok® 1.70 20,000
10 £%,000 6ok Uehd 5 1.0 1006 9 crackles Nome 0. 14 1.69 25,000
13 Qloy 300 3.7 07 570 1,00 95 9 syeskles None 0.29 1.69 28,
20 3, be? U5 50 1,00 1004 None - - 1.69 1
28 16,000 5.2 0,50 555 .00 1004 None - [ XY 1.6b o
70 4] 307,000 22,0 0,206 615 5 1004 tone - 0.7 1.63 2,000
» 1 2000 1%3  mas 588 3 1004  None - 0.2 .62 36,000
s 125,000 LA 13,39 878 »s 1004 None - -3 4 1.62 33,500
10 [ X 5.8 0.8 535 0.7% 1004 None - 0.13 1.6 9,
13 22,000 5.0 0.5 575 1. 1004 Yors - 0.18 1.61 10,000
20 13,500 4.7 U,51 855 1,00 100¢ Yore - - 1.62 6,
20 0 1] 250,000 2.4 0,27 610 >s 1004 Kone - - 1,52 33,000
1 214,000 13,4 0,32 595 >3 1004 None - 0,23 1.5 2,
s 77,000 6.8 03 5 >3 1004 Mone - 0,32 154 26,500
10 26,000 4.8 GaleB 60 > 004 None - 0.1 1.5 10,500
15 11,500 b2 0:48 590 0,75 1004 None - 0,20 1,53 6,300
20 9,500 3.9 049 5% - 100# Kone - - 1.49 6,000
8s 0 Brratic
1 b 7,5%% 3,0 0,35 L3 }] >5 1004 None - 0,22 1.50 2,%0
5 34,000 5.9 U4l 605 >s 1004 None - 0,36 1.5 4,000
10 12,000 5,6 U3 6w >s 1004 None - 0. 1.52 [X
15 6,500 4e3 0,43 605 > 1004 None - 0,18 1.50 500

2 1oading Pressure 10,000 pat. in 1,4 Squire Inch ‘Candle Uases.
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Burning Rate Values of 3inary Mixtures Containing

Oxidizing Agents and Atomized Magnesium, Grade A
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Figure 6

Effect of Asphaltum Upon the Candlepower of Mixtures Containing
Strontium Nitrate and Ground Magnesium, Grade A
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Figure 7
Effect of Asphaltum Upon the Burning Rate of Mixtures Containing
strontium Nitrate and Ground HUagnesium, Grade A
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Figure 8
Effect of Asphaltum Upon the Color Value of Mixtures Containing
Strontium Nitrate and Ground Magnesium, Grade A
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Figure 9
Effect of Phenolformaldehyde Resin Upon the Candlepower of MNixtures
Containing Strontium Nitrate and Ground Magnesium, Grade A
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Figure 10 3
Effect of Phenolformaldehyde Resin Upon the Burning Rate of Wixtures
Containing Strontium Nitrate and Ground Magnesium, Grade A
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Figure 11

Effect of Phenolformaldehyde Resin Upon the Color Value of Mixtures
Containing Strontium Nitrate and Ground Magnesium, Grade A
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Effect of Polyvinyl Chloride Upon the Candlepower of Mixtures
Containing Strontium Nitrate and Ground Magnesium, Grade A

Figure 12
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Figure 13 :
Effect of Polyvinyl Chloride Upon the Burning Rate of Mixtures 3
Containing Strontium Nitrate and Ground Magnesium, Grade A 5
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Figure 14 F
Effect of Polyvinyl Chloride Upon the Color Value of Mixtures
Containing Strontium Nitrate and Ground Uagnesium, Grade A
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Figure 15
Effect of Ethyl Cellulose Upon the Candlepower of Mixtures
Containing Strontium Nitrate and Ground Magnesium, Grade A
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Figure 16

Effect 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 18
Effect of Calomel Upon the Candlepower of Mixtures Containing
Strontium Nitrate and Ground Magnesium, Grade A
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Figure 19

Effect of Calomel Upon the Burning Rate of MHixtures Containing

Strontium Nitrate and Ground Hagnesium, Grade A
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Figure 20
Effect of Calomel Upon the Color Value of Mixtures Containing
Strontium Nitrate and Ground Magnesium, Grade A

et WA

(1




—— . TR AT MR SIS MRS R O

STRONTIUM NITRATE, PARTS

R AT R R e A e
...... ‘op. | do. | 70| @ | sb | 4

400,090~

CANDLEPOWER

\ R I I N A
0 20 30 40 80 60
MAGNESIUM, PARTS

70 80 90

M-28065 PICATINNY ARSENAL ORDNANCE DEPARTMENT

Figure 21
Effect of Hexachlorbenzene Upon the Candlepower of Mixtures
Containing Strontium Nitrate and Ground Magnesium, Grade A
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Figure 22

Effect of Hexachiorbenzene Upon the Burning Rate of Mixtures

Containing Strontium 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
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Figure 24
Spectrograms of Strontium Nitrate / Magnesium /
Asphal tum Mixtures
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Figure 27 '
Spectrograms of Strontium Nitrate / Magnesium / Ethyl

Cellulose Mixtures
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Figure 28

Spectrograms of Strontium Nitrate

/ Magnesium /

Hexachlorbenzene lixtures




NIRRT IR I AR FRWTVEE LN &)

=
z
w
. b3
-
x
q
il
w
) o]
i
%]
z
<
z
[s]
o
0
|
«
. r4
m
o
] g«
m > ©
& z 5
zZ &
- - ord
=
> (g ™=
@ ~
u o
§
b 3
J
= o0)
oes U\
2 PN
2= ™
1% DA
. HONI 2¥VNDS ¥3d SITONYI




b ey
NG,
e
.
B SRR RS FEEs, SRRl SETe 1550 w
:3
- et & -
1
. o
T
L.&Jv.
.ol ~.
T
> T
+ »os o4 =
= oray goerey =2 o o
£
. s s

t ' AN [ PR N 1T . L

PARTS

MAGNESIUM,

FE DEPARTMENT

NC

ORDNA

PICATINNY ARSENAL

M-33358/u

)

rure X

Fi




S D5 BN CAN LT B VRSN I U M T SRS AN FRBU TR P LV Cx - - e XL Baihiiaietin b7 80 e she bt o B AR E SRS SIS ) i Atk A 2 apullabind LR

™
z
u
b3
-
[ 4
<
o
w
[a]
[ ]
ff [§)
4 o 2
S 8 6 g
E9E & :
SRS NG
ol o [
Paord = A
£38 3
ol o o
e O0an ©n <
LSO F 4
tsmu o e u
« (1]
sgg & : |2
O, ord 0 < 9
ST ° W >t
"0 g 2 Z 3
ens § o z &
$i3 2 (¢4
O 0 = v
A5 % m 2
(SR 3]
235 8
230
At  ©
Wusa $o
3 5 3
SoH @
PmN ]
.
G4 & a.
owng
3 ot ad
PLoL o
Q [« o
e.mm o
555 3 o
”
m 4

SIWNVYD




€ eandpy
ANIWLHYLIA ADNVNQHO TIVNISHVY ANNILYDIA 09EEE~N
S14vd WNISINOWN f
i 3 st RO e
t X 8 :
faaes: Beiae m @
TS ITSSTIRT B ! anye. o
dagusade sl : z
i T e s iz
THE T T ‘
Setgatsay pe T eTese) 40y S
& MT mm pe m
s T
TR gf]
t T m
ety + (]
- T & = o
Tt 5 1T m
- r Sas T ol u
ir"h» T -
e e z
T T T i I T 2
sewges: v ot ins soades iy N T z
¢ e m Hethy Lt T T -I-_-.
H Atk your aembg Jad spunog Q00T eJmssedg Fuppeo]
i o P S ¥ epean ‘umrseudey pazworv
= 5 S s : pue 33BIJIN UMEqUOI)S FUTUTERUO) S8JNGFXTN JO
: esaaaasizgsean = @%ey Suruang ayq uo spTJoTY) TAUTALTOg JO 399IF%

e SAemle? datk t Mt EEES ¢ LEed MR



T/0%ECEN €€ ord

-ate uy axe S(foN)ag ‘3

OT/01/09 SpAuepIemIOz-Tousul/In /2(foN)ag :amwis otuyossouly ‘g
02/02/08 *splaotye 25»22\»:\ manoztn iewe1y JdTuUYdejoasg D
uaBoagtu LIp ug saw N.no.un snoxpfyuy °g

a9 uy oaw Croag -y

SLINN WOMLSONY ‘HLONITIAYM

T T B FF
N A | i 3

B3ENVI4 Qid DINHOZIONXL ANV SITVE MOIINOHIS JO
NMYLOZIS JO SNOIINOL @Iu ANV JONVHO DNIMOHS
SAVHDONIDAIS NOIINIOSAM HOIH

o ALEAN M sR e ARt AIKS POl A N -



GLRAYT

ATI- A6283 .

RES2NMOEED

irg ¢f Lipery Uixbwre

TITLE: Long Tenje Resesrch on Pyrotuchnics urrin, Clrre~tarjsci
— AD-B803 228

AUTHOR(S) PHart, Levil; oppiz, Hemwry Jd.
ORIG. AGENCY : Piustinny irsensl, Dover, . J.
e [ I
DATE US. CLASS, COUNTRY PAGH
oes. 'L7 -t t. , Znglish 9
ABSTRACT :

¢ Biphir |
4 . g f
0 A v A LT
Y
2703
2 5

Eo0. bsci ol '; Nev. §3 \
<P r N S Ty \

- »

(0T  ESTR4CIED)

/‘)':c/ //
fresr

Cilfher. Urce

DISTRIBUTION: 11ty Copios o ks report ofteine™le Proe I25C by @, 3,
SUBJECT HEADIW

FIELD

DIVISION : ST T T T -t
NP

SECTION : Chewterts~n Hrerierotiise o «

L 5] e sinies

Central Alr Documents Office
Wright-Patterson Air Forcs Base, Dayton, Ohio

CADO TECHNICAL INDEX
RESTRHIUSED




Reproduced by
CENTRAAL AIR DOCUMENTS OFFICE

WRIGHT-PATTERSON AIR FORCE BAS -~ DAYTCN.OHIO

ey /%N NN
—
T

%5 covemmmzi

FROM ANY LITIGATION WHICH MAY ENSU{ FROM ANY
INFRINGEMENT ON DOMESTIC OR FOREIGN PATENT RIGHTS
WHICH MAY BE INVOLVID.




REQUEST FOR/OR NOTIFICATION OF REGRADING ACTION

For use of this form, see AR 380-5; the proponent agency is OACS!.

DATE

31 Oct 2003

FILE

READ INSTRUCTIONS ON REVERSE SIDE BEFORE COMPLETING THIS FORM

YO (Include ZIP Code)

Defense Technical Information Center
ATTN: DTIC-OMx

8725 John J. kingman Road, Ste.
Ft. Belvoir, VA 22060-6218

FROM: (Include ZIP Code)

0944

Chief, Technical Research Center
AMSTA-AR-WEL-TL, Bldg. 59
Picatinny Arsenal, NJ 07806-5000

LXI THE DOCUMENT(S) DESCRIBED BELOW HAS/HAVE BEEN REVIEWED FOR REGRADING AND ACTION HAS BEEN TAKEN AS
INDICATED. APPROPRIATE ACTION SHOULD BE TAKEN TO MARK YOUR COPIES AND NOTIFY ALL RECIPIENTS TO WHOM
ADDITIONAL DISTRIBUTION WAS FURNISHED IN ACCORDANCE WITH AR 380-5. DOCUMENTS CONCERNING THIS SAME
SUBJECT SHOULD BE REVIEWED FOR POSSIBLE REGRADING.

D REQUEST DOCUMENTI(S) DESCRIBED BELOW BE REVIEWED TO DETERMINE WHETHER THEY CAN BE DOWNGRADED OR
DECLASSIFIED AT THIS TIME. (Include justification in the “REMARKS" section of this form.)

DREQUEST APPROPRIATE CLASSIFICATION/REGRADING INSTRUCTIONS FOR DOCUMENTS DESCRIBED BELOW.

CONTROL NUMBER

DESCRIPTION

INDORSEMENTS, INCLOSURES)

(TYPE, FILE REFERENCE, UNCLASSIFIED SUBJECT OR SHORT TITLE,

CLASSIFICATION/
REGRADING INSTRUCTIONS

IAW Document Markings

oLD NEW
ADB803228 Long Range Research on Pyrotechnics:
Burning Characteristics of Binary Mixtures U/Ltd u/u
per James Wejsa, Chief Pyrotechnics Systems Team
10/24/03
ADC040972 /| Burst fire demonstration of a liquid propellant
travelling charge system. S U/Ltd
IAW Document Markings Gov't onlyj
ADC040003 . | Test and analysis of a liquid propellant travelling S U/Ltd
charge system. Govt only
IAW Document markings
ADC029469 | Advanced multipurpose projectile concepts S U/Ltd
IAW Document Markings Govt only
ADC045544 | Liquid propellant travelling charge optimization S U/Ltd
study DoD only
per Dr. David Downs, Chief, Energetics & Warheads
Team 10/15/03
ADC002633 / Kinetic energy projectile options for the 90mm C U/Ltd
M41 tank gun Govt only
TAW Document markings
ADC003648 Design and development of the cartridge, 105mm, C U/Ltd
APFSDS-T, XM774 (formerly Delta 24) Govt .only
IAW Document markings
ADC043590 « | Dev. Test II (PQT-G) of Modular Pack Mine System S U/Ltd
(MOPMS) Govt only

PRINTED OR TYPED NAME AND TITLE OF OFFICER
Suseela Chandrasekar
C, Tech. Res.

SIGNATURE

Ctr, WEL-TL

FORM
1 SEP 77

DA

1575

g ‘i/mc".{/(fq Ce A '\/\jﬂ;mj\/{\/

P — A
EDITION OF 1 SEP 62 IS OBSOLETE.



REMARKS

ACTION TAKEN OR RECOMMENDED BY RECIPIENT

INSTRUCTIONS

1. Prepare sufficient number of copies to furnish one copy
to each addressee of the original document and one copy
for retention. Entries on form may be printed in ink.

2. Care will be taken to completely identify the document(s)
being regraded to prevent error by the recipient. All

inclosures being regraded will be accounted for. When cover-
ing document only is being regraded and there are inclo-

sures (classified or unclassified) which are not being regraded,
the symbol ““n/c”’ will be entered in the OLD/NEW columns.
The regrading form will contain unclassified information

only. Short titles will consist of the first letter of each word
in the subject or title except.when a formal short title has

3. The abbreviations authorized by DoD 5200.1-R and AR
380-5 will be used to indicate the old and new classifications
and regrading instructions. Include declassification dates.

4, When the document(s) will be regraded upon the occur-
rence of an event, the classification will be followed by an
asterisk (*) and the event described at the bottom of the
form or in the “REMARKS” section, above.

5. When the form is used as a request for review, the need
for a lower classification for the document or documents
will be shown.

been assigned.

¥ U.S. Government Printing Office: 1984—421-645/8216

REVERSE OF DA FORM 1575




