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By citrate sol-gel auto-combustion method, the nanophase M-type planar hexagonal ferrite is prepared. The transmission
electron microscopy (TEM), X-ray diffraction (XRD) and thermal analysis are used to study the grain size, phase composition,
microstructure and crystallization process. The results show that the nanophase M-type Sr-ferrite prepared by this method
is single, and its grain size is smaller than 100 nm. Moreover, most of the grains present hexagonal sheet shape. Tests are
carried out for its attenuation to 1.06 m laser. It is found that the extinction capability of the nanophase M-type Sr-ferrite
smoke is good, and its mass extinction coefficient is 1.628 m2/g.
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In recent years, with the latest development in radar and mi-
crowave communication technology, the new and efficient
electromagnetic wave absorbing materials have become a
focus and attracted more interests around the world[1-4]. The
hexagonal ferrite, a main radar absorbing material, has been
widely used at home and abroad[5-11] because of its strong
absorbing ability, broad-band absorbency and low-cost
preparation. But the bigger particle size and specific gravity
by traditional preparation methods can’t fulfill the strategic
requirements of future applications for radar absorbing
materials. Therefore, preparation and application of nano-
phase hexagonal ferrite are turning into the research focuses
now[12-14].

In this paper, the nanophase M-type planar hexagonal
Sr-ferrite is prepared by means of citrate sol-gel auto-com-
bustion method. Its performance, including grain size, phase
composition, microstructure and crystallization process, is
characterized. Moreover, as a new smoke material, its at-
tenuation performance to 1.06 m laser is tested in a 20 m3

smoke chamber.
The nanophase M-type SrFe12O19 is synthesized by cit-

rate sol-gel auto-combustion process as follows. Analytically
pure strontium nitrate, iron nitrate and citric acid are selected
as raw materials. Firstly, strontium nitrate and iron nitrate in
stoichiometric proportion are added to proper amount water
solution of citric acid. With stirring, the mixed system in water
bath is heated at 80 oC till the insoluble matters are dissolved

completely. Secondly, adjust pH to about 7 using ammonia
and keep on stirring for 2 h at 80 oC in water bath. Then the
mixed solution is moved into the oven where it is dried in
130 oC till dark brown brittle xerogel is formed. As soon as
the xerogel is ignited at a certain condition, the combustion
can spread out rapidly and stably, as far as the xerogel is
burned away to make fluffy powder. Then the powder is
moved into the muffle furnace where it is presintered for 2 h
at 450 oC and is sintered for 4 h at 900 oC. Lastly, after natu-
ral cooling, the brown-red Sr-ferrite powder is gained.

In this paper, main complex reactions are:
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Citric acid is a complexing reagent and can complex with
some metallic ions. Solid state reaction of metal complex
occurs at high temperature, which produces nanophase M-
type hexagonal SrFe12O19.

The phase composition of brown-red SrFe12O19 powder
is analyzed by means of XD-D1 X-ray diffractometer pro-
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duced by Shimazu (Cu diffraction target, target voltage of 20
kV, target current of 35 mA, scanning speed of 10°/min and
scanning range of 20° 80°). On the other hand, its topogra-
phy and particle size are observed by the transmitted elec-
tron microscope (H-700, Hitachi, Japan). And the crystalli-
zation process of xerogel is studied by thermal analyzer
(heating rate of 10 oC/min and air flow rate of 20 mL/min).

The transmission electron microscope (TEM) image of
the sample, magnified to 48 thousand times, is shown in Fig.1.
From that, the particle size of the sample is 40 70 nm and its
crystal grain is regular planar hexagonal sheet, which is the
optimum shape of absorbing materials[12,15-17].

Fig.1 TEM image of the SrFe12O19 sample

The XRD pattern of SrFe12O19 sample is shown in Fig.2.
Compared with the standard pattern of M-type SrFe12O19, dif-
fraction peaks of the sample basically agree with the stan-
dard diffraction peaks. Consequently, the main production
of the sample is M-type SrFe12O19.

Fig.2 XRD pattern of the SrFe12O19 sample

Furthermore, the grain size of sample can also be deter-
mined according to Scherer formula[18]:

cos2 D
KB                                 ,                                                        (4)

where B2  is the half height of diffraction peaks, K is ap-
proaching a constant 0.89,  is X-ray wavelength, D is the
average diameter of crystal grain, and  is the angle of dif-
fraction peak.

By means of Eq.(4), D is given by:

from which the average diameter of crystal grains is 63.3
nm, which is consistent with the analytical results of TEM.

Thermogravimetric (TG) and differential scanning calo-
rimeter (DSC) curves of xerogel are shown in Fig.3 and Fig.4,
respectively. The data obtained reveals its crystallization
process. At 220 oC, an acute and narrow exothermic peak
occurs in DSC curve. Simultaneously, the violent weight loss
appears from TG data. It shows that at this temperature, main
thermal reactions occur with great quantity of released heat
and rapid reaction rate. It can be thought that the xerogel can
spontaneously combust under the condition of thermal
excitation. At the same time, the oxygen can accelerate the
process of combustion. Accordingly, at 220 oC, the nitrate
can produce autocatalytic redox reaction with carbonaceous
groups of xerogel, which results in the nitrate decomposing.
From Fig.4, the exothermic peak at 350 450 oC is caused by
the decomposition of nitrate of xerogel. In this temperature
range, the xerogel is predecomposed to ultrafine -Fe2O3 and
SrCO3, and obvious weight loss also occurs in TG curve.
After 750 oC (crystals have formed completely), no apparent
exothermic peak appears in DSC curve and the TG curve is
flat, which means that main chemical reactions have already
been accomplished. Combined with XRD pattern, it can be
educed that the single uniform M-type Sr-ferrite has been
produced since 750 oC.

Fig.3 TG curve of xerogel

Fig.4 DSC curve of xerogel
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Furthermore, the attenuation performance to 1.06 m la-
ser of nanophase M-type Sr-ferrite is tested in a smoke cham-
ber which is 6.1 m×2.0 m 1.8 m and its effective volume
is 20 m3, including spraying, stirring and sampling equip-
ments (see Fig.5). The output wavelength of laser testing
system is 1.06 m. Transmittance is tested and displayed per
second by the signal control system. After the emitter and
the receiver of laser are adjusted, the transmittance of back-
ground is obtained. 30 g nanophase Sr-ferrite sample is
sprayed into the smoke chamber by the spray nozzle with
high-pressure air. At the same time, two mixing fans are op-
erated continuously for 20 s at low speed to maintain uni-
form concentration. After the laser signal passes the smoke,
its power data is collected. The sampling devices work to
make smoke concentration measurements at a flow rate of
40 L/min. In the end, open the door of smoke chamber and
start up the exhaust set to exhaust the remainded smoke par-
ticles in the chamber.

Fig.5 Sketch of smoke chamber
1, 2-laser testing system; 3-air pump; 4-sampling head of mass
concentration; 5-mixing fan; 6-spray nozzle; 7-air compressor

The transmittance to 1.06 m laser for 30 g nanophase
M-type Sr-ferrite sprayed into the smoke chamber is shown
in Fig.6. It can be seen that the transmittance drops sharply
and reaches the minimum of less than 1% rapidly after the
spraying of sample. It indicates that as the time is going by,
the transmittance to 1.06 m laser increases slowly and
smoothly.

Fig.6 Transmittance of nanophase M-type Sr-ferrite sample
to 1.06 m laser

The mass extinction coefficient  is one of the most im-
portant performance parameters that are used to judge the

attenuation performance of a material. The bigger  (m2/g)
is, the better its attenuation effect on the laser radiation is.
According to Lambert-Beer law[19], the transmittance T is cal-
culated by:

)exp(/ m0 LCIIT

where I0 is the intensity of laser incident radiation, I is the
transmitted intensity, Cm is the mass concentration of mate-
rial (g/m3), and L (L=6.l m) is the length of the chamber.

Eq.(6) shows that T depends on  if the concentration
and thickness of smoke are invariable. By means of Eq.(6),

 is given by:

                                          ,                                            (6)
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By pumping a certain volume of smoke, smoke particles
are collected onto glass fiber filters that have been weighed.
In Eq.(7), the mass concentration Cm is calculated by means of

tQ
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where w1 is the pure filter mass, w is the filter mass after
catching smoke particles, v is the pumped smoke volume, Q
is the flow rate of rotometer (40 L/min), and t is the sampling
time (1 min).

Drawing on Eq.(8), the average Cm of smoke in different
time is computed, and the average transmittance in sampling
intervals is got, which is used in Eq.(7) to obtain the mass
extinction coefficients in different intervals, as shown in Tab.1.
From Tab.1, the mass extinction coefficient of nanophase M-
type Sr-ferrite to 1.06 m laser is 1.628 m2/g, which is higher
than that of some conventional smoke compositions in Ref.
[20] (as shown in Tab.2). This is because it has a smaller
particle size and larger specific surface area which is over a
thousand times greater than that of powders commercially avail-
able[21,22]. Excessive atoms and chemical bonds in its surface
increase the interfacial activity. Consequently, the nanophase
M-type Sr-ferrite exhibits good extinction characteristic to
1.06 m laser.

Tab.1 Mass extinction coefficient of nanophase M-type
Sr-ferrite sample to 1.06 m laser

Tab.2 Mass extinction coefficient of some conventional
smoke compositions to 1.06 m laser in Ref.[20]

        Time (min)        Cm(g/m3) T(%) (m2/g)
_

(m2/g)
             1-2         0.741          0.056           1.657

1.628
             4-5                 0.475          0.973           1.599

        Code for material            1             2            4            5            7
(m2/g)    1.04        1.17        1.09      1.16       1.50
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In conclusion, the nanophase M-type planar hexagonal
Sr-ferrite is prepared by means of citrate sol-gel auto-com-
bustion method. The testing results of TEM, XRD, TG and
DSC show that the M-type Sr-ferrite nano-powder prepared
by this method is single. Its particle size is smaller than 100
nm and its crystal grain is regular planar hexagonal sheet.
Furthermore, the testing results of attenuation performance
show that as a new smoke obscurant material, it has good
extinction capability to 1.06 m laser.
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