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Abstract: Obscurant and optronic decoy compositions are the pyrotechnic
formulations that are an effective way to protect naval ships from optical guided
missile seekers. In this work, the obscurant characteristics (i.e. the transmittance
and the extinction coefficient) and the infrared emission characteristics (i.e. the
infrared emission distribution and the radiance) of the obscurant and optronic
decoy compositions were described. The results showed that the obscurant cloud
made from the mixture of red phosphorus, Ba(NO;), and Viton rubber has a low
transmittance, high extinction coefficientwith 1.06 um laser and strong infrared
emission in the wavelength range of 8.0 to 14.0 um. On the other hand, the infrared
emission radiance (in the wavelength range of 2.5 to 5.0 um) of the optronic decoy
composition based on Mg-Al, hexachloroethane and Viton rubber reaches maximum
values (i.e. 17.77E-3 W.cm™.Sr”") at about of 17 wt% Mg-Al Finally, the above
obscurant and optronic decoy compositions can be usedcombinationin in naval
ships against the anti-ship missile.
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1. INTRODUCTION

Guided weapons such as laser-guided missiles and infrared-guided missiles are
themost used widely electro-optically guided precision weapons to attack several
military targets (i.e. naval ships, main battle tanks, aircraft, etc.) [1-4]. To protect
these targets, optronic decoys and obscurant clouds were used as a countermeasure
to infrared-guided and laser-guided missiles, respectively. Optronic decoys set up a
false optical target near the protected ship in the form of a smoke-screen which
ensures retargeting of the homing heads of the attacking projectiles [5-7].
Meanwhile, the purpose of obscurant clouds is to scatter and absorb laser radiation
and thereby to interrupt the line of sight between the target and observer [8].

Over the last 50 years, a lot of optronic decoy compositions (i.e. metal/halocarbon
compositions, metal/aromatic-compound compositions, etc.) and obscurant
compositions (i.e. HC-based mixtures, phosphorus-based mixtures, etc.) have been
developed, manufactured and used for the military purpose [9-13]. These
compositions can be used individually or in combination to increase the ability to
protect the target, especially with large-sized targets such as the naval ships, which
have distinct sources of infrared radiation provided by the chimney and the exhaust
plume (i.e. primarily in the range of 2.5 to 5.0 pm and 8.0 to 14.0 um) [10, 14].

This work aims to investigate the infrared emission and the obscurant
characteristics of optronic decoy formulation (based on Mg-Al
alloy/hexachloroethane mixture) and obscurant formulation (based on red
phosphorus) using in naval ships. The infrared radiation characteristics (i.e the
infrared emission spectrum and the infrared radiance in the range of 2.5 to 5.0 um
and 8.0 to 14.0 pm) of these compositions were determined using a
spectroradiometer. On the other hand, the absorption and scattering of a screening
smoke at 1.06 pm laser radiation were also determined.
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2. MATERIALS AND METHODS

2.1. Materials

The Mg-Al alloy powder (with average particle sizes below 63 um) was obtained
from Sichuan Hermus Industry Co., Ltd. Hexachloroethane fine powder (with an
average particle size of 100 um); red phosphorus fine powder (with an average particle
size of 100 pm) and barium nitrate powder (with an average particle size of 60 um)
were provided by Xilong Scientific Co., Ltd. Viton A rubber (i.e. vinylidene fluoride-
hexafluoropropene copolymer is an elastomer with a fluorine content of 66%, and a
density of 1.81 g.cm™) was commercially obtained from Dupont company.

2.2. Methods
2.2.1 Sample preparation

Optronic decoy composition: Viton rubber was dissolved in acetone and kept
overnight to obtain a homogeneous solution. The binder solution was mixed with
hexachloroethane powder in a mixer with a stirring rate of 600 rpm. Then, Mg-Al
alloy powder was added to the suspension and mixed for about 30 minutes. The
final mixture was covered on both sides of a 50x50 mm fiberglass fabric and was
vacuum-dried at 60 °C for 3 hours to remove the solvents.

Obscurant composition: Viton rubber was dissolved in acetone and kept
overnight to obtain a homogeneous solution. The binder solution was mixed with
red phosphorus powder and barium nitrate powder in a mixer with a stirring rate of
700 rpm for about 30 minutes. The final mixture was covered on both sides of a
50x50 mm fiberglass fabric and was vacuum-dried at 60 °C for 3 hours to remove
the solvents. The formulations of optronic decoy and obscurant composition are
expressed in Table 1.

Table 1. The formulations of optronic decoy and obscurant composition.

Content (Wt%)

Materials Optronic decoy Obscurant

composition composition
Mg-Al alloy (Mg4Als) 10.0 = 20.0 -
Hexachloroethane, C,Clg 60.0 - 70.0 -
Red phosphorus, RP - 65.0 = 75.0
Barium nitrate, Ba(NO;), - 10.0 +20.0
Viton A 20.0 15.0

2.2.2. Experimental techniques

The heat of combustion (Q) was measured by the Parr 6200 calorimeter (Parr
Instrument Company, US). 2.0 grams powder of samples were prepared and the
combustion processes were initiated by the electrically heat igniter.

The burn rate of samples was determined by high-speed digital camera Fastcam
SA 1.1 RV (Photron, Japan) with a recording speed of 500 fps, if the time interval
needed for the flame front to travel the known distance through the sample was
recorded, the burning rate is calculated. The samples were prepared in the form of
a sheet with a size of 10x100 mm.
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To evaluate the performance of the obscurant composition, the mass extinction
coefficient oy, (m*kg™") can be considered as figures of merit. According to the
Lambert-Beer law, the mass extinction coefficient @ can be expressed as [1,8]:

—InT,,
o, =—>* 1
g c.L o
where ¢ is the concentration of obscurant aerosol in the obscurant cloud (g.m?); L
is the optical path-length through the obscurant cloud (m); 7, is the degree of

transmission determined by[12]:
Ty == 2)

where [y and [,,;, are the initial radiant intensity without smoke and the minimum
value of radiant intensity transmitted after passing the obscurant cloud. The
spectral extinction was measure by burning a known amount of obscurant
composition in the test chamber. A continuous-wave (CW) laser source is used
with an output power of 22.0 mW and a beam diameter of 2.0 mm. The path-length
through the aerosol was 600 mm. The experimental setup used to measure the mass
extinction coefficient of 1.06 um laser radiation is shown in Figure 1.
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Obscurant

cloud
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Figure 1. Setup used to measure the mass extinction coefficient.

The emission characteristic of the optronic decoy composition was determined
using the Spectral Master 12-550 Mark III Radiometer (US) with a spectral range
from 2.5 to 14.5 um. 5.0 grams of the sample (i.e. five 50x50 mm thin plates) were
burned in the test chamber by an electric prime, and the optronic decoy cloud was
opposite the lens. The infrared radiance and the infrared radiation intensity were
determined by the built-in software. The experimental setup used to measure the
emission characteristic is shown in Figure 2.

TEST CHAMBER

Spectral Sou rce“
radiometer  window .
Optronic
decoy cloud

$
I-W-I sample

Figure 2. Setup used to measure the emission characteristic.
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3. RESULTS AND DISCUSSION

3.1. Combustion characteristics

Before the experiments, the heat of combustion (Q,) of the mixture was
measured. The theoretical temperature flame (7y) and the composition of its
combustion products were calculated using the REAL software based on the
chemical balance according to the principle of minimizing free energy [15, 16].
The 7y and the Q, values of the obscurant composition or the optronic decoy
composition were determined as a function of red phosphorus or Mg-Al alloy
weight content, respectively. The burn rate of both compositions was also
determined. The results are given in table 2 and figure 3.

Table 2. Combustion characteristics of the screening smoke composition.

Component o, T; | Burn rate Main ingredients
(%) (kcal/kg | (K) (mm.s™) of smoke (mol/kg)
)

RP - 60; Ba(NO3); - 161 P,: 0.78; P4: 3.97;
25; Viton - 15 445 0 2.80 C:1.12
RP - 65; Ba(NO3), - 146 Py: 0.27; P4: 4.63;
20; Viton - 15 451 s 2:42 C: 1.89
RP - 70; Ba(N03)2 - 134 . .-
15: Viton - 15 395 0 2.10 P4:5.12;C:2.91
RP - 75; Ba(NOs3); - 122 ) A
10: Viton - 15 370 0 1.40 P4: 5.50; C: 3.98
RP - 80; Ba(N03)2 - . - C-
5. Viton - 15 310 910 1.25 P4:5.95;C: 3.51
Mg,Als - 10; CoClg - 465 223 12.6 C: 11.52; MgCl,: 1.55;
70; Viton - 20 5 ) MgF,: 0.70; AlF;: 0.60
MgsAls - 12; CoClg - 500 242 14.2 C: 11.33; MgCl,: 2.38;
68; Viton - 20 0 ’ AlF5: 0.71; MgF,: 0.31
MgAls - 15; CoClg - 625 297 165 C: 11.08; MgCl,: 3.00;
65; Viton - 20 5 ’ MgF,: 0.34; AlF;: 0.53
Mg,Als - 17; CoClg - 690 325 1.0 C:10.81; MgCl,: 2.28;
63; Viton - 20 0 ’ MgF;: 0.39; AlF;: 0.43
Mg,Als - 20; CoClg - 720 333 299 C: 10.25; MgCl,: 3.56;
60; Viton - 20 5 ’ MgF;: 0.46; AlFs: 0.34
Mg,Als - 25; CoClg - 700 319 255 C: 9.76; MgCl,: 3.80;
55; Viton - 20 0 ’ MgF,: 0.53; AlF;: 0.25

Obscurant composition: Figure 3 shows that when the content of red
phosphorus increases, the adiabatic flame temperature 7y and the heat of
combustion Q, decrease due to the oxygen balance becomes more negative.
Therefore, the burning rate of composition also decreases when the content of red
phosphorus increases.
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Figure 3. The Ty and the Q, values of smoke compositions.

Optronic decoy composition: When Mg-Al content increases, the adiabatic
flame temperature 77 and the heat of combustion Q, increase. When the Mg-Al
content is approximately 20% (i.e. the stoichiometric mixture), the 7y and Q, values
reach the maximum value. After that, the more Mg-Al content increase (i.e. the
fuel-rich formulations), the values of 7y and O, tend to decrease. The more
surprising correlation is with an increase in the content of Mg-Al alloy results in a
higher burning rate. This may be due to the increase in Mg-Al alloy content which
increases the thermal conductivity (i.e. efficient energy feedback) of the mixture
from the reacting zone to the pre-reacting material, results in increasing the
burning rate.

It can be assumed that for the obscurant composition, soot particles (i.e.
Carbon) and P4O,¢ particles formed in a reaction of P,, P4 with atmospheric
oxygen are main components of the smoke; for the optronic decoy composition,
soot particles and chloride/fluoride of magnesium/aluminum are main components
of the smoke [17].

3.2. Obscurant characteristics

To determine the performance of obscurant compositions, 0.20 g samples were
ignited to produce smoke inside the chamber. After 10 seconds (to get uniform
mixing of smoke), 10-values of radiant intensity, which transmitted after passing
the obscurant cloud, were recorded every 10 seconds. The minimum value of
radiant intensity (/,;,) was used to calculate the transmittance (7,5s) according to
the Eq. (2), and then the mass extinction coefficients were calculated according to
the Eq. (1). These results are expressed in table 3.

It can be seen that the aerosol concentration of the obscurant mixture increases
with the increasing of red phosphorus content (i.e. from 60 to 80 wt%), which
reduces the transmittance. The measurement results of the transmittance show that
the mixtures tested provide good attenuation of 1.06 um laser radiation.
Interestingly, when the red phosphorus content increases from 60 to 70 wt%, the
extinction coefficient increases from 3.1 to 3.5 mz.g'l, but at a higher red
phosphorus content, the extinction coefficient has a constant value. This may be
due to the relationship between the aerosol concentration and the transmittance in
the Eq. (1). It is noteworthy that the values of the extinction coefficient are also
equivalent to the values of the RP/NaNOs/Binder mixture previously reported by
E-C. Koch [11].

112 N. T. Toan, ..., N. P. Hung, “Obscurant and emission ... used in naval ships.”



Research

Table 3. Results of the mass extinction coefficient measurements.

Component Aerosol. Transmittance Extinc?ion

(%) concentritlon Tope (%) coeffigle_lllt

c(g.m”) a; (m".g"™)
RP - 60; Ba(NO3); - 25; Viton - 15 1.16 11.3 3.1
RP - 65; Ba(NO3), - 20; Viton - 15 1.27 7.7 3.4
RP - 70; Ba(NO3), - 15; Viton - 15 1.39 5.2 3.5
RP - 75; Ba(NO3), - 10; Viton - 15 1.49 4.3 3.5
RP - 80; Ba(NO;3),-5; Viton - 15 1.60 33 3.5

3.3. Infrared emission characteristics

The infrared spectral distributions of Mg-Al/C,Cl¢/Viton mixtures were
measured and the results are shown in figure 4.
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Figure 4. Infrared radiance distribution of Mg-Al/C,Cls/Viton mixtures with
different Mg-Al/C,Cls ratios.
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As shown in fig. 4, the infrared emission spectra distributions of all samples are
similar and more radiant at infrared near- and medium-wavelength radiation area.
To make a comparison, the average values of the radiance of all samples in the
range of 2.5 to 5.0 um are summarized in table 4.

Table 4. Radiance average values of Mg-Al/C,Clg/Viton mixtures with different

Mg-Al/C,Clg ratios.
Ratio of Mg-Al/C,Cl¢/Viton Radiance x10° (W.cm™.sr™)
10/70/20 4.85
12/68/20 5.14
15/65/20 9.75
17/63/20 17.77
20/60/20 17.21
25/55/20 12.65

When the content of Mg-Al alloy increases, the burning rate of composition
also increases. The increased burning rate leads to generated combustion products
increased, so the intensity of infrared emission increases. When the Mg-Al content
i1s approximately 17%, the emission radiance reaches the maximum value (i.e.
17.77E-3 W.cm™.sr’"). However, when the Mg-Al content increases by more than
20%, the emission radiance tends to decrease. The reason is that the increase in
Mg-Al content resulting in the burning rate increases but the burning temperature
decreases, thus the infrared emission distribution tends to shift to the longer
wavelengths (i.e. out of range of 2.5 to 5.0 um) according to the Wien
displacement law [2, 18].

The most surprising aspect is the radiance distribution of obscurant
compositions. As seen in Fig. 5, all obscurant mixtures have a strong emission
intensity in the wavelength of 8.0 to 14.0 um. These signals can be used as a false
target to simulate the chimney of naval ships. The emission radiance (i.e. in the
range of 8.0 to 14.0 um) of the obscurant mixtures containing 65, 70, 75, 80 wt%
of red phosphorus were 10.10E-3, 10.48E-3, 11.14E-3 and 11.44E-3 W.cm™.sr”,
respectively. These results are not significantly different since the difference in its
burning rates is not large (i.e. from 1.0 to 2.5 mm.s™).
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Figure 5. Infrared radiance distribution of RP/Ba(NQOj3),/Viton mixtures with
various RP/Ba(NQOj3); ratios.

4. CONCLUSION

Several characteristics (include combustion, obscurant and infrared emission
characteristic) of the obscurant composition (RP/Ba(NO3),/Viton) and the optronic
decoy composition (Mg-Al/C,Cl¢/Viton) were investigated. In particular, the
burning rate of optronic decoy composition is much higher than that of the
obscurant composition due to the difference in the thermal conductivity of two
compositions.

The cloud smoke from RP/Ba(NOs),/Viton composition has a low
transmittance, high extinction coefficient for 1.06 pm laser radiation, thus, the
smoke screening of this composition can be used to defend the naval ship from the
laser-guided missile. Besides, while the optronic decoy composition performs high
infrared emission in the wavelength of 2.5 to 5.0 um, the obscurant composition
emits a strong emission at a wavelength of 8.0 to 14.0 um. Thus, the combination
using both compositions is a highly effective counter measure against infrared-
guided missiles.

Further work needs to be carried out to assess the effect of environmental
conditions on the obscurant and emission performance of two compositions.
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TOM TAT
CAC PAC TRUNG CHE PHU VA PHAT XA CUA HON HOP
TAO MAN KHOI SU DUNG TRONG CAC TAU HAI QUAN

Cdc hén hop che phii va nghi trang quang hoc la nhitng thanh phan hoa
thudt dwoc sir dung hiéu qua dé bdo vé cdc tau hai quan khoi sw tan cong
cia cdc tén lira dan dwong bang quang hoc. Trong nghlen cuu nay, cdc ddc
trung che phu (do truyen qua, h¢ so che phu) va cdac dac trung phat xa
hong ngogai (phdn bo phat xa va nang luwong birc xa) cua cac hén hop che
phii va nghi trang dwoc khdo sat. Két qud nghién ciru cho thdy, cdc dam
mdy che phii ciia hén hop trén co sé Phét pho dé, Ba(NO3),, Viton c6 do
truyén qua thdp, hé sé che phii cao doi véi laze 1,06 um va phat xa hong
ngoai manh trong ving 8.0 dén 14.0 um. Mdt khdc, nang lwong birc xa
hong ngoai trong viing 2.5 dén 5.0 um ciia hon hop nghi trang trén co so
hop kim Mg-Al, C,Cls, Viton dat gia tri cao nhdt ]7,77.10’3W.cm'2.Sr'1 VOl
ham lwong 17% Mg-Al. Cudi cing, cdc hon hop che phii va nghi trang
quang hoc ké trén cé thé dwoc sir dung két hop dé bao vé cdc tau hdi quan
khéi cdc tén liva chong ham.

Tiwr khoa: Che phu; Nghi trang; Phét pho d6; Kim loai-Clorua cacbon; Man khoi.
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