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Extinction Performance of Nano-Ni Powder to 1.06 pm and 10.6 pum Laser
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Abstract: The extinction performance of 30 g nano-Ni powder smoke to 1. 06 pum and 10.6 pm laser were tested in

20 m’ smoke chamber. Its mass extinction coefficient is 1.542 and 1.078 m’ -

is1.035x10 > m s’

g 'respectively, and the sedimentation rate

. Compared with the smoke performance of conventional materials such as HC, RP, oil, graphite,

carbon black, nano-Ni powder smoke has better extinction capability to 1. 06 pm and 10. 6 pm laser and possesses the

better suspending characteristic in the air.
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1 Introduction

In recent years, the laser-guided weapon has been
widely used in modern warfare because of its high
precision. Since smoke can weaken the energy of incident
laser and reduce its efficiency by scattering and absorba-
bility, it becomes a reliable and effective passive interfer-

121 At the same

ence means to the laser-guided system'
time, exploiting and using new obscurant materials is one
of the important factors which develop smoke technology.

Although the conventional metal powder has satifac-
tory wave-absorbing property” ~*' | it is not suitable for
smoke composition, because it has great sedimentation
rate in the air due to its big particle size and specific
gravity. Compared with those conventional materials,
nanostructured materials, often characterized by a physi-
cal dimension of 1 =100 nm (such as grain size) and a
significant amount of surfaces and interfaces, have been
attracting much interest around the world because of their
demonstrated or anticipated unique properties’””’. For
example, many nanostructured materials exhibit excellent
wave-absorbing ability in broad band and have been
widely used in camouflage paints®’. Furthermore, As
obscurant materials, they may improve the extinction and

suspending characteristics of smoke.

Received Date: 2008-07-23 ; Revised Date: 2008-09-09
Corresponding Author: LIU Xiang-cui, e-mail: liuxiangcui2001 @ yahoo.

com. cn

Document code: A

In this paper, nano-Ni powder, as a new smoke
material, was tested in 20 m’ smoke chamber for its

extinction performance to 1.06 pm and 10.6 pm laser.
2 Experiments

2.1 Materials

“1as the smoke

The nano-Ni powder sample'’
material , is sphericity. Its particle size is 20 ~70nm with
average diameter of 47nm and specific surface area of
14.23 nm. Its purity is 98.24% . The transmission elec-
tron microscope ( TEM ) photo of sample, magnified to

100 thousand times, is shown in Fig. 1.

Fig.1 TEM of nano-Ni powder

2.2 Experimental apparatuses
The smoke chamber is 6.1 m x2.0 m x1.8 m, and
the effective volume is 20 m”, including weighing, spra-

ying, stirring and sampling equipments (see Fig. 2).
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Fig.2 Sketch of smoke chamber
1,2—dual laser testing system, 3—air pump,
4—sampling head of mass concentration,

5—mixing fan, 6—spray nozzle, 7—air compressor

Output wavelengths of dual laser testing system is
1.06 pm with over 50 mW average power export and
10.6 pm with over 10 W average power export. Trans-
mittance rate is directly collected and displayed per
second by the signal control system.

2.3 Experimental methods

All the experiments were finished in 20 m® smoke

chamber.

After the emitter and the receiver of laser were

adjusted, the transmittance rate of background was
collected. 30 g nano-Ni powder was sprayed into the
smoke chamber by the spray nozzle with high-pressure
air. At the same time, two mixing fans were operated
continuously 20 s at a low speed to maintain uniform
concentration. After the laser signal passed the smoke,
its power data were collected. The sampling device was
worked to make smoke concentration measurements at a
flow rate of 40 L - min~'. In the end, opened the door of
smoke chamber and started up the exhaust set to exhaust

the remainder smoke particles.
3 Results and discussion

3.1 Transmittance rate

Fig. 3 shows the transmittance rates of nano-Ni powder
smoke to 1. 06 wm and 10. 6 pm laser. From that, the
transmittance rates drop sharply and rapidly reach the
minimum of less than 1% with the spraying of nano-Ni
powder. It indicates that, as the time goes by, the
transmittance rates of nano-Ni powder smoke to dual laser
increase slowly and smoothly. Generally speaking, attenua-
tion of nano-Ni powder to 1.06 pm laser is better than that

to 10. 6 pum laser. Because the particle size of nano-Ni

powder is much smaller than the wavelength of laser, and
the incident laser radiation obeys Rayleigh scattering law'”
that is, scattering light intensity I is inversely proportional
to the biquadrate of incident light wavelength A : I oc1/A".
And the shorter A is, the more intensive the scattering effect
is. Then the extinction effect of nano-Ni powder to 1.06 pm

laser is better than that to 10.6 pwm laser.
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Fig. 3 Curves of the transmittance rate of

nano-Ni powder to 1.06 pm and 10.6 pm laser

3.2 Mass extinction coefficient
The bigger mass extinction coefficient ¢( m* + g~ ')
is, the better the attenuation effect is. The line-of-sight
attenuation of incident laser radiation ,I;, as a function of
a, mass concentration C,, and pathlength L (L =
6.1 m), is given by
I =1exp( —aC, L) (1)
Where I, is the transmitted intensity, equivalently
expressed in the terms of the transmittance rate T as
Lambert-Beer law
T=1/1,=exp( —aC,L) (2)
Formula (2) shows that T is depended on « if the
mass concentration and thickness of smoke are fixed
Therefore ,

values. o is one of the most important



%5 1

LIU Xiang-cui ,et al: Extinction Performance of Nano-Ni Powder to 1.06 pm and 10.6 pm Laser 601

performance parameters that are used to judge smoke
performance of a material. By means of formula (2), «
is given by
o= éln - (3)

3.3 Mass concentration

Pumping a certain volume of smoke, smoke particles
are collected onto glass fiber filters that have been
weighed beforehand. In formula (3), the mass concen-
tration C | is calculated by means of expression (4)

C w—w, w—w, (4)
m = v - Q't

Where w, is the pure filter mass, w is the filter mass after
catching smoke particles, v is pumped smoke volume, @
is the flow rate of rotometer (40 L + min '), ¢ is the
sampling time( 1 min).

Drawing on expression (4 ), the average C, of
smoke in different time was computed, and the transmit-
tance rate of sampling intervals was averaged, which was
used in formula (3) to obtain the mass extinction coeffi-

cient of different intervals, as shown in Table 1.

Table 1 Mass extinction coefficients of nano-Ni powder

to 1.06 pm and 10.6 pm laser

] 1.06 um 10.6 um
time C, — —
/min /o +em T/% @ @ T « @
/gem™ T/% s gt /m e g T/ % Jm? gt /mt g
1~2 0.870 0.0370 1.489 0.209 1.163
1.542 1.078
4~5 0.812 0.0370 1.595 0.728 0.994

Note: « is the average of a.

From Table 1, the mass extinction coefficients of
nano-Ni powder smoke to 1. 06 pm and 10. 6 pm laser
are above 1 m”> - g, and remarkably higher than that of
conventional halogenated organic compound ( HC), red
phosphorus (RP) , oil, graphite, carbon black in Refer-
ences[ 10 =15 ] (as shown in Table 2). This is because
nano-Ni powder has a smaller particle size and larger spe-
cific surface area which is over a thousand times greater
than powders commercially available. Excessive atoms
activity,, consequently, nano-Ni powder exhibits remarka-
ble wave-absorbing ability and excellent extinction
performance.

3.4 Sedimentation rate
The suspending characteristic of smoke is directly

related to the sedimentation rate , which is obtained from

Table 2 Mass extinction coefficients of the conventional

smoke compositions on electromagnetic wave

1.06 pm 10.6 pwm 8 ~14 pm
HC - - ~0.1
oil "] - 0.1664 -
RpL12-13] - <0.7 -
graphite! '] 0.67 - 0.70
carbon black "’ - - 0.62

sedimentation rate. And the better the suspending charac-
teristic of smoke is, the longer the valid interference time
of smoke is. The sedimentation rate V, is calculated by
the formula (5) .

H C (1)
Va= 'lnCZ(m (5)

Where H is the height of smoke (H =1.8 m), C,

(t,) is the mass concentration at t,, C,(t,) is the mass

concentration at t,. By formula (5), the V, of nano-Ni
powder smoke was obtained as 1.035 x 10 > m + s™',
lower than that of the materials in References [ 17 - 19 ]
(as shown in Table 3 ). It indicats nano-Ni powder
smoke has good suspending characteristic in the air. This
is mainly because the bigger aerosol size is, the more
rapidly it descends. If the particle radius is under 1 pm,
the sedimentation rate is reduced by 2 orders of magni-
tude when the radius is reduced by 1 order of magni-
tude .

powder increases the suspended time of smoke.

Consequently, as smoke composition, nano-Ni

Table 3 Sedimentation rate of some materials

materials  copper powder 800 mesh''”)  sample 1" sample E [

Vi/m s 3.44 x10 73 2.68x107°  2.33x10°°

Notes: V, of sample 1 in reference 18 or sample E in reference 19 is mini-
mum among all samples. The particle size of sample E in reference
18 is about 1 pm. The properties of sample 1 in reference 19 are

unknown.

4 Conclusions

The experimental results show that, nano-Ni
powder, as a new obscurant material, effectively inter-
feres with 1.06 pm and 10. 6 pm laser, and has excel-
lent extinction capability. The mass extinction coefficients
to 1.06 pm and 10. 6 pm laser are above 1 m® + g ',
furthermore, it possesses the outstanding suspending

characteristic in the air.
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