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Double-layer microwave absorber of nanocrystalline

strontium ferrite and iron microfibers∗

Wei Chun-Yu(韦春余), Shen Xiang-Qian(沈湘黔)†, and Song Fu-Zhan(宋福展)

School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China

(Received 17 August 2011; revised manuscript received 16 September 2011)

Microwave absorption properties of the nanocrystalline strontium ferrite (SrFe12O19) and iron (α–Fe) microfibers

for single-layer and double-layer structures are investigated in a frequency range of 2 GHz–18 GHz. For the single-

layer absorbers, the nanocrystalline SrFe12O19 microfibers show some microwave absorptions at 6 GHz–18 GHz, with

a minimum reflection loss (RL) value of −11.9 dB at 14.1 GHz for a specimen thickness of 3.0 mm, while for the

nanocrystalline α–Fe microfibers, their absorptions largely take place at 15 GHz–18 GHz with the RL value exceeding

−10 dB, with a minimum RL value of about −24 dB at 17.5 GHz for a specimen thickness of 0.7 mm. For the double-

layer absorber with an absorbing layer of α–Fe microfibers with a thickness of 0.7 mm and matching layer of SrFe12O19

microfibers with a thickness of 1.3 mm, the minimum RL value is about −63 dB at 16.4 GHz and the absorption band

width is about 6.7 GHz ranging from 11.3 GHz to 18 GHz with the RL value exceeding −10 dB which covers the whole

Ku-band (12.4 GHz–18 GHz) and 27% of X-band (8.2 GHz–12.4 GHz).
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1. Introduction

The electromagnetic wave absorbing materials for

both commercial and military applications have at-

tracted numerous studies.[1−4] The absorbing materi-

als can usually be classified as single-layer absorber

and multi-layer absorber. Lu et al.[5] reported on

the single-layer absorber of the amorphous Ni–P nan-

otubes. Sun et al.[6] investigated the single-layer ab-

sorber containing hierarchical dendrite-like magnetic

materials of Fe3O4, γ–Fe2O3 and Fe. As one lay-

er absorbing material is hard to simultaneously meet

the demands for broad frequency (f) range, light in

weight and strong absorption, multi-layer microwave

absorbing materials therefore are required technolog-

ically. Recently, researchers were interested in double

layer and multi-layer microwave absorbers.[7−9] Qing

et al.[10] investigated the single-layer and the double-

layer microwave absorbers of BaTiO3 and carbonyl

iron powders with various constituents. The results

showed that the double-layer absorber with a thick-

ness of 1.4 mm, which consisted of the matching layer

with 50 wt% BaTiO3 and the absorption layer with

60 wt% BaTiO3 and 20 wt% carbon iron, had a much

better microwave absorbing characteristic than the

single-layer absorber, with a band width of 10.8 GHz–

14.8 GHz where the reflection loss (RL) value was be-

low −10 dB and the minimum RL value was −59 dB

at 12.5 GHz.

Hexagonal ferrites are common microwave ab-

sorbers in the gigahertz (GHz) range because of their

high saturation magnetization, large anisotropy field,

excellent chemical stability and high microwave mag-

netic loss.[11] The strontium ferrite is a typical hexago-

nal ferrite and has been investigated extensively.[11−13]

Ghasemi et al.[14] reported on the electromagnetic

properties and the microwave absorbing characteris-

tics of the doped barium hexaferrite. Meanwhile, as

ferromagnetic metals each have a high saturation mag-

netization and complex permeability, they can be good

microwave absorbers.[15−18] However, the ferromag-

netic metals usually each have a high electric conduc-

tivity and their permeability will drastically decrease

at high frequencies due to the eddy current effect in-

duced by electromagnetic waves.[19] As the hexagonal

ferrite fibers and ferromagnetic metallic fibers general-

ly feature shape anisotropy, they can be used as struc-

tural function materials. According to our previous

preparation of the nanocrystalline M-type ferrites and

ferromagnetic metals microfibers,[20,21] in the present
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work we investigate the electromagnetic characteris-

tics and microwave absorption of the nanocrystalline

SrFe12O19 and α–Fe microfibers.

2. Experiment

The nanocrystalline SrFe12O19 microfibers and

α–Fe microfibers were prepared by the citrate–gel pro-

cess at a calcination temperature of 950 ◦C for 4 h and

by the citrate–gel precursor reduction process under

the reduction atmosphere (V (H2): V (N2) = 1:4)

at 700 ◦C for 2 h, which was described in detail in

our previous investigations.[20,21] The microfiber mor-

phology was investigated with field emission scanning

electron microscope (FESEM, JSM-7001F) and the

X-ray diffraction (XRD) patterns were collected on a

Rigaku D/Mmax2500PC diffractometer with Cu–Kα

radiation. The magnetic properties of the microfibers

were investigated at room temperature using a vibrat-

ing sample magnetometer (VSM).

The microfibers-wax composites for microwave

absorption estimation were prepared by mixing

67 wt% nanocrystalline SrFe12O19 microfibers and

33 wt% wax (Specimen 1) and 50 wt% nanocrystalline

α–Fe microfibers and 50 wt% wax (Specimen 2), re-

spectively. Then, the microfibers-wax composite was

cast into toroidal-shape specimens each with an inner

diameter of 3.04 mm and an outer diameter of 7.00 m-

m. The scattering parameters of the specimens were

measured using a Hewlett Packard 8722ES network

analyzer. The relative permittivity (εr = ε′–jε′′) and

permeability (µr = µ′–jµ′′) values for these specimens

were determined from the scattering parameters mea-

sured at a frequency range of 2 GHz–18 GHz.

For a single layer microwave absorber, the RL

value was calculated from the complex relative per-

meability and permittivity at a given frequency and

absorber thickness by the following equations:[22,23]

Zin = Z0(µr/εr)
1/2 tanh[ j(2πfd/c)(µr · εr)1/2], (1)

RL = 20 log |(Zin − Z0)/(Zin + Z0)| , (2)

where f is the frequency, d the absorber thickness, c

the light velocity, Z the air impedance and Zin the

absorber impedance.

For a multi-layer microwave absorber, it is as-

sumed that the relative complex permeability, the rel-

ative complex permittivity and the thickness for each

layer are: µri, εri and di (i = 1, 2, . . . , n), respec-

tively. According to the transmission line equivalent

theory,[22,23] the input impedance of every layer is

Zi = ηi
Zi−1 + ηith(kidi)

ηi + Zi−1th(kidi)
. (3)

Here, ηi is the characteristic impedance of the i-th

layer and expressed as

ηi =
√
µri/εri =

√
(µ′

i − jµ′′
i )/(ε

′
i − ε′′i ), (4)

ki is the magnitude of the i-th wave vector and the

electromagnetic wave incidence is vertical, so it is a

constant and given as

ki = jω
√
(µriεri)/c, (5)

therefore the RL value for a multi-layer microwave

absorber can be calculated by Eq. (2).

3. Results and discussion

3.1.Characteristics of nanocrystalline

SrFe12O19and α Fe microfibers

Figure 1 shows the SEM morphologies and XRD

patterns of the nanocrystalline SrFe12O19 microfiber-

s and α–Fe microfibers. From Figs. 1(a) and 1(b), it

can be observed that the microfibers are characterized

by diameters about 1 µm–8 µm and high aspect ratios

about 20–150. Their XRD reflections (Figs. 1(c) and

1(d)) belong correspondingly to the magnetoplumbite

structure (JCPDS 33-1340) and the α–Fe structure

(JCPDS 06-0696). The values of average crystallite

size (D) of SrFe12O19 and α–Fe can be estimated from

the prominent reflections (114) and (110) using the

Scherrer formula (D = 089λ/(β cos θ), where λ is the

wavelength of the X-ray radiation, β is the full width

at half maximum (FWHM) of relevant reflection peak,

and θ is the diffraction angle. And the calculated D

values are 67 nm for SrFe12O19 microfibers and 44 nm

for α–Fe microfibers respectively.

The magnetic hysteresis loops of nanocrystalline

SrFe12O19 and α–Fe microfibers are shown in Fig. 2.

From Fig. 2 it follows that the nanocrystalline

SrFe12O19 microfibers have an average specific satu-

ration magnetization (Ms) about 64.2 Am2/kg and

an average high coercivity (Hc) of 319.5 kA/m while

the specific saturation magnetization (Ms) and coer-

civity (Hc) of the nanocrystalline α–Fe microfibers

are on average about 142.5 Am2/kg and 7.6 kA/m re-

spectively. In the present work, these hard magnetic

nanocrystalline SrFe12O19 microfibers are used as the

matching layers and the soft magnetic nanocrystalline

α–Fe microfibers are the absorbing layers for the de-

sign of double-layer microwave absorbers.
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Fig. 1. SEM morphologies of nanocrystalline SrFe12O19 (a) and α–Fe (b) microfibers, XRD patterns of

nanocrystalline SrFe12O19 (c), and α–Fe (d) microfibers.
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Fig. 2. Magnetic hysteresis loops of nanocrystalline

SrFe12O19 and α–Fe microfibers.

3.2. Electromagnetic properties

Figure 3 shows the relative permeability (µr) and

permittivity (εr) values of specimen 1 and specimen 2

in a frequency range of 2 GHz–18 GHz. From Fig. 3(a)

for the nanocrystalline SrFe12O19 microfibers, it can

be seen that the real part ε′ exhibits a decrease ten-

dency with frequency increasing, except for a smal-

l peak around 8.5 GHz, which can be due to the

damping of the electrical dipole vibrations and inter-

face polarizability.[24,25] For the imaginary part 4ε′′,

it is almost constant with the frequency increasing

from 2 GHz to 12 GHz, while in the frequency range

12 GHz–18 GHz, it has a broad peak around 14 GHz

and an increasing tendency from about 16 GHz to

18 GHz, implying that the nanocrystalline ferrite mi-

crofibers can have some dielectric losses at a frequency

of about 14 GHz and in a range from about 16 GHz to

18 GHz due to intrinsic electric dipoles and interfacial

polarization. The frequency dependences of the real

part µ′ and the imaginary part µ′′ of µr are shown in

Fig. 3(b) for the nanocrystalline SrFe12O19 microfiber-

s. The µ′ value shows a reduction tendency in a fre-

quency range of 2 GHz–10.5 GHz, with a broad peak

around 8 GHz and then increases in the remaining

range. For the imaginary part µ′′, it is basically lo-

cated at zero in a frequency range of 2 GHz–7 GHz,
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while it shows an increase with a value 0.1 in a fre-

quency range from about 10.5 GHz to 15.5 GHz and

then decreases. Thus, it can be reasoned that the

magnetic loss should be little in a low frequency range

(2.0 GHz–7.0 GHz). The microwave adsorption in a

frequency range from about 10.5 GHz to 15.5 GHz can

be attributed to the magnetic hysteresis and domain

wall displacement[22,26]

Figures 3(c) and 3(d) show the values of relative

permittivity and permeability for the nanocrystalline

α–Fe microfibers. From Fig. 3(c), the real part ε′

exhibits a decrease tendency in a frequency range of

2 GHz–18 GHz, while the imaginary part ε′′ has an

increasing tendency from 2 GHz to 5 GHz and then

decreases in a frequency range of 5 GHz–18 GHz.

The observed phenomena can be generally attribut-

ed to the damping of the electrical dipole vibration

and interface polarizability.[24,27] The frequency de-

pendences of real part µ′ and imaginary part µ′′ of µr

for the nanocrystalline α–Fe microfibers are shown in

Fig. 3(d). The µ′′ value shows a reduction tendency

in a frequency range of 2 GHz–14 GHz, with a broad

peak around 14 GHz and then increases in the re-

maining range. For the imaginary part µ′′, it exhibits

a decrease tendency in a frequency range of 2 GHz–

18 GHz except for some small peaks. These peaks can

be attributed to the domain wall displacement and

the eddy current loss arising from the intrinsic damp-

ing, interface effect, small size effect and spin wave

excitations.[26,28]
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Fig. 3. Values of relative permeability and permittivity of specimen 1 (panels (a) and (b)) and specimen 2

(panels (c) and (d)) in a frequency range of 2 GHz–18 GHz.

3.3.Microwave absorption of single-

layer and double-layer microwave

absorbers

Figure 4 shows the RL values and frequencies

for single-layer microwave absorber of specimen 1 and

specimen 2 with different thicknesses in a frequency

range of 2 GHz–18 GHz. From Fig. 4(a), for the ab-

sorber of nanocrystalline SrFe12O19 microfibers the ef-

fective microwave absorptions take place in a frequen-

cy range of 6 GHz–18 GHz, with a minimum reflection

loss of −11.9 dB at 14.1 GHz for the specimen thick-

ness of 3.0 mm. Referring to the relative complex per-

mittivity and permeability as showed in Figs. 3(a) and

3(b), the absorption peaks for SrFe12O19 microfiber-

s (Fig. 4(a)) are largely due to the magnetic loss-

es arising from the magnetic hysteresis and domain

wall displacement, as the natural resonance frequency

for SrFe12O19 ferrites generally is around 50 GHz.[29]

While for the absorber of the nanocrystalline α–Fe mi-

crofibers (Fig. 4(b)), it has microwave absorptions in a

frequency range of 2 GHz–18 GHz. For the specimen
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with a thickness of 0.7 mm, the minimum RL value is

about −24 dB at 17.5 GHz and its absorption band

width reaches about 3 GHz ranging from 15 GHz to

18 GHz with the RL value exceeding −10 dB, which

can be mainly attributed to the dielectric loss resulting

from the eddy current dissipation. With the α–Fe mi-

crofibers absorber thickness increasing to 2.0 mm, the

absorption peak is shifted to a lower frequency region

where the absorption is caused by the combination ef-

fect of dielectric loss and magnetic loss according to

Figs. 3(c) and 3(d).
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Fig. 4. Reflection losses of single-layer absorbers for spec-

imen 1 and specimen 2 with different thicknesses in a fre-

quency range of 2 GHz–18 GHz.

For the double-layer of the nanocrystalline

SrFe12O19 and α–Fe microfibers, as the electromag-

netic energy can be produced by the motion of charges

and induced into a dissipative current,[15,23] the ab-

sorption peaks are the complementary results based

on the Maxwell equations for permittivity and per-

meability. The reflection losses of double-layer ab-

sorber with a total thickness of 2.0 mm, which is com-

posed of the matching layer filled with specimen 1 and

the absorption layer filled with specimen 2 with var-

ious thicknesses, are shown in Fig. 5. It can be ob-

served that with the absorbing layer thickness increas-

ing from 0.5 mm to 1.8 mm, the minimum microwave

absorption peak is shifted to a lower frequency region.

When the absorption layer thickness is 0.7 mm and

the matching layer thickness is 1.3 mm, the RL val-

ue achieves a minimum value of about −63 dB at

16.4 GHz, which means that two layers are match-

ing well. With this coupling thickness, the absorption

band width is about 6.7 GHz ranging from 11.3 GHz to

18 GHz with the RL value exceeding −10 dB, which

covers the whole Ku-band (12.4 GHz–18 GHz) and

27% X-band (8.2 GHz–12.4 GHz). By comparison

with the single-layer absorbers as showed in Fig. 4,

the double-layer absorbers are efficient in a frequency

range of 2 GHz–18 GHz.
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For an optimized absorbing layer thickness of

0.7 mm for the nanocrystalline α–Fe microfiber (spec-

imen 2), the variations of RL values for the double-

layer absorbers with matching layer thicknesses rang-

ing from 0.7 mm to 1.5 mm of the nanocrystalline

SrFe12O19 microfibers (specimen 1) are shown in

Fig. 6. With the increase of matching layer thickness,

the minimum RL value first increases, reaches about
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−67 dB at 16.5 GHz when the matching layer thick-

ness is 1.1 mm and then decreases. This coupled layer

thickness is basically consistent with the above cal-

culated results as shown in Fig. 5. With this coupled

double-layer thickness, the absorption band width has

about 6.1 GHz ranging from 11.9 GHz to 18 GHz for

the RL value exceeding −10 dB.

Table 1 shows the microwave absorption proper-

ties of some recently reported double-layer absorbers.

Compared with the double-layer absorbers reported

in Refs. [4], [16] and [19], the double-layer absorber in

the present work is thin and strong and in particular,

its absorption covers the whole Ku-band (12.4 GHz–

18 GHz). The enhancement in microwave absorp-

tion for the nanocrystalline SrFe12O19 and α–Fe mi-

crofibers each with a large surface-to-volume ratio can

be ascribed to their shape anisotropy, small size effect

and interface polarization.[13,25,30] As the permittivi-

ty and the permeability are coupled on the basis of

the Maxwell equations, an obvious coupling frequency

band occurs around 16.4 GHz (Fig. 6) for the 0.7-mm

thick absorbing layer of α–Fe microfibers and the 1.3-

mm thick matching layer of SrFe12O19 microfibers.

Table 1. Comparison of microwave absorption properties of some recently reported double-layer absorbers.

Absorbing layer Matching layer

Absorbing layer Total Minimum Band Ref.

thickness/mm thickness

/mm

RL value/dB width/GHz

(RL < −10 dB)

50 wt%

Ba(Zn0.5Co0.5)2Fe16O27

powder

50 wt%

carbonyl iron powder

2.7 3.7 –55

(at 7.5 GHz)

5.2–9.3 [4]

30 wt% carbon black

powder

10 wt% α–MnO2

powder

3 4.5 –28

(at 15.7 GHz)

13–18 [16]

80 wt% carbonyl iron

powder

50 wt% BaTiO3

powder

1.9 2.3 –64

(at 3.5 GHz)

2.8–4.3 [19]

50 wt% α–Fe microfibers 67 wt%

SrFe12O19 microfibers

0.7 2.0 –63

(at 16.4 GHz)

11.3–18 This Work

4. Conclusions

(i) For the single-layer absorbers, the nanocrys-

talline SrFe12O19 microfibers show some microwave

absorptions in a frequency range of 6 GHz–18 GHz,

with a minimum RL value of −11.9 dB at 14.1 GHz

for the specimen thickness of 3.0 mm, while for the

nanocrystalline α–Fe microfibers, their absorptions

largely take place in a frequency range of 15 GHz to

18 GHz with the RL value exceeding −10 dB, with a

minimum RL values about −24 dB at 17.5 GHz for

the specimen thickness of 0.7 mm.

(ii) With the double-layer structure consisting of

the nanocrystalline α–Fe microfibers and nanocrys-

talline SrFe12O19 microfibers, the microwave absorp-

tion performance is clearly enhanced by comparison

with the single-layer absorbers.

(iii) For the total thickness of 2.0 mm, the mi-

crowave absorption peaks for the double-layer ab-

sorber of the matching layer filled with 67 wt%

SrFe12O19 microfibers and the absorption layer filled

with 50 wt% α–Fe microfibers shift toward a lower

frequency region with the increase of absorption layer

thickness. With a coupled absorbing layer thickness

of 0.7 mm and a matching layer thickness of 1.3 mm,

the RL value is about −63 dB at 16.4 GHz, the ab-

sorption band width is about 6.7 GHz ranging from

11.3 GHz to 18 GHz with the RL value exceeding

−10 dB, which covers the whole Ku-band (12.4 GHz–

18 GHz) and 27% X-band (8.2 GHz–12.4 GHz).
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