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Abstract
The efficient nanocomposite of CoFe2O4 diatomite for electromagnetic microwave adsorption was 
assembled by CoFe2O4 nanoparticles (NPs) and diatomite via a simple citric acid-nitrate sol-gel 
auto-combustion method. The electronic microscopy results show that the magnetic CoFe2O4 
NPs are uniformly dispersed in the surface and porous structure of diatomite to form stable 
CoFe2O4/diatomite nanocomposite. The magnetic and dielectric properties with various mass 
ratios of CoFe2O4 to diatomite was investigated. It was showed that nanocomposite of CoFe2O4/
diatomite has strong superparamagnetic and electromagnetic microwave absorbing properties 
with optimized conditions of coercive force of 837.07 Oe, the saturation magnetization of 96.5 
emu/g, and the remanence ratio (Mr/Ms) of 0.52, respectively. The maximum reflection loss is 
-12dB, and <-10dB frequency ranges from 10Hz to 12Hz when the ratio of CoFe2O4 to Diatomite is 
1:10. The results indicate that CoFe2O4/diatomite composites can be used as the highly efficient 
microwave absorption materials, which expanded the application field of diatomite-based 
functional nanomaterials.
Keywords: diatomite; CoFe2O4, electromagnetic microwave adsorbent, nanocomposite, porous 
minerals
Kulcsszavak: kovaföld, CoFe2O4, elektromágneses mikrohullámú adszorbens, nanokompozitot, 
porózus ásványok
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1. Introduction

With the rapid development of electronic technologies, the 
electromagnetic interference (EMI) caused by electromagnetic 
microwaves (EMW) is becoming serious problems. The 
harmful electromagnetic radiation (EM radiation or EMR) not 
only affects sensitive electronic equipment, but also harmful to 
human health [1, 2]. In order to reduce the impact of EMW, 
scientists pay much attention to explore and design high-
performance electromagnetic wave absorbing materials with 
properties of lightweight, wide frequency range and low cost 
[3-7]. The EM absorbing material has been applied not only 
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in the stealth technology of military, but also the ordinary 
commercial productions in all aspects to effectively reduce the 
reflection and transmission of EMW by converting EM into 
thermal energy [7-9]. Generally, the typical electromagnetic 
wave absorbents are constructed by embedding an EMW 
adsorbent into a host matrix, whose microwave adsorbing 
properties are primarily determined by the suspended 
materials.

Ferrite is one of the main frequently used microwave 
absorbing materials, which can efficient absorbing harmful 
electromagnetic radiation [10, 11]. Spinel ferrite (MFe2O4, M 
= Mn、Mg、Co、Cu、Zn、Ni、Fe etc.) exhibits adjustable 
saturation magnetization, excellent chemical stability, low 
real dielectric constant and high magnetic loss. Among these 
spinel ferrites, CoFe2O4 received particular attention due 
to their remarkable properties, which include a moderate 
saturation magnetization, excellent chemical stability, and high 
mechanical hardness [12]. On the basis of these characteristics, 
CoFe2O4 ferrite can be used as a powerful EMW adsorption 
material [13]. However, bulk magnet CoFe2O4 ferrite has 
disadvantages of high density, narrow bandwidth and large 
absorber thickness, which restricted their applications. In order 
to overcome these disadvantages and improve its adsorbing 
efficiency, one effective strategy is to immobilize ferrite 
nanoparticles (NPs) on high physical and chemical stability 
porous supports such as activated carbon [14], silica [15, 16] 
and grapheme [17, 18], which realized to wide absorbing band 
(below -10 dB), lightweight, corrosion resistance and high 
temperature resistance [3, 19-21].

Diatomite is a low-cost silicate mineral composed by silica 
microfossils of aquatic algae with high permeability and 
porous structure that possesses the properties of large surface 
area, small particle size, and remarkable thermal stability  
[22, 23]. Therefore, diatomite is one of the most promising 
supports for dielectric materials [9, 24], which explored 
for preparation of EMW adsorbing nanocomposite. It has 
technical challenges for general utilization of the coal-derived 
diatomite due to its high contents of organic matters and 
iron in diatomite industrial of China. Thus, the large-scale 
sustainable utilization of coral-derived diatomite as a porous 
support for preparation of EMW adsorbing materials was 
taken into consideration. In the presented work, the CoFe2O4/
diatomite nanocomposite for EMW adsorbing was prepared 
by citric acid-nitrate sol-gel auto-combustion method using 
coal-derived diatomite as support. The electromagnetic 
properties of the as-prepared nanocomposites were studied in 
the frequency range of 0~18GHz.

2. Materials and methods
2.1 Materials

The experimental used diatomite is the purified from the 
Xianfeng coal mine of China. CoCl2.6H2O of analysis grade 
was purchased from the pharmaceutical group of chemical 
reagents; FeCl3·6H2O, PVP, NaOH, and anhydrous ethanol 
were obtained from Chengdu Kelon Chemical Reagent 
company. All other chemicals or reagents were used without 
further purification.

2.2 Preparation of CoFe2O4/diatomite nanocomposite
2.2.1 Purification of diatomite
Generally, 250 g of diatomite was added into water to prepare 

aqueous suspension with water-diatomite ratio of about 20:1 
(water depth: 40 cm). Then, the upper aqueous layer of 5 cm 
was taken out after stirring at a suitable speed (300 rpm) for 30 
min. The remaining sample was centrifuged to obtain pellets 
of purified diatomite. The wetly pellets of purified diatomite 
was dried by common muffle furnace at 70 °C for experiments. 

2.2.2 Preparation of CoFe2O4 NPs
For sintering was chosen based on the SiO2-Al2O3 phase 

diagram [17], waiting for the following phase transitions: 
450 °C – kaolinite–metakaolinite; 575 °C. 

2.2.3 Preparation of nanocomposite 
The purified diatomite was added into above mentioned 

first preparation process of CoFe2O4 NPs for preparation 
of suspension with various ratios. The as-prepared samples 
after auto-combustion process was homogenous dispersed 
into ethanol, and then ultrasonic treated 20 min and shaken 
at room temperature for 5h. The as-prepared samples were 
finally dried in a vacuum oven at room temperature overnight 
for characterization. Finally, the nanocomposite samples were 
calcined at different temperatures for 2 h in muffle furnace.

2.3 Characterization
The mineral phase characterization was carried out using 

X’Pert Pro X-ray diffractometer (XRD) from PA Nalytical, 
Netherlands.  The ULTRA55 field emission scanning electron 
microscopy (FE-SEM) and Libra 200FE-type transmission 
electron microscopy (TEM) were used to observe the 
morphological characteristics. The magnetic characterizations 
were carried out using the BKT-4500Z high precision vibration 
sample magnetometer of Beijing Xinke GaoShan Technology 
Co., Ltd. An Agilent N5230C microwave network analyzer was 
used to analyze the microwave absorption characteristics of 
the material.

3. Results and discussions
3.1 Morphological observations

The FE-SEM and TEM were used for characterizing the 
morphology of samples. Micrographs show the formation of 
spherical CoFe2O4 NPs with average particle size of 40 nm 
(Fig. 1a, 1e). As shown in Figures 1b and 1f, the distinctive 
porous structures of the diatomite were occupied by 
CoFe2O4NPs. The elemental components of CoFe2O4 NPs and 
CoFe2O4/diatomite nanocomposite (DCNC) were identified 
by EDX analysis (Fig. 1c, 1d). The EDX patterns qualitative 
confirmed the presence of Co, Fe and O in the DCNC.

3.2 XRD characterization
The XRD characteristics of CoFe2O4 NPs, DCNC and 

diatomite are show in Fig. 2. The diffraction peaks appeared 
at Bragg angles 2θ~18.3°, 30.1°, 35.4°, 37.1°, 43.1°, 53.4°,57.0° 
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and 62.6° corresponding to (111), (220), (311), (222), (400), 
(422), (511) and (440) planes of CoFe2O4, respectively with 
a=b=c=8.377, by which confirmed the formation of cubic 
spinel structure. The natural diatomite is in the amorphous 
form without showing crystalline peaks. The diffraction peaks 
show small amount of impurities of magnetite Fe3O4 and 
Quartz. The XRD pattern of CDNC shows that CoFe2O4 is 
successfully compounded with diatomite.

 1. ábra FE-SEM EDX és TEM képekkel a CoFe2O4 NP-k és a CoFe2O4 NP-k DCNC-
vel, a diatomit aránya 1: 10. CoFe2O4 NP (a, e,), DCNC (b, f). FESEM képek 
(a, b), FESEM-EDX a CoFe2O4 NP-ról (c), DCNC (d). TEM képek (e, f)

 Fig. 1  FE-SEM with EDX and TEM images of CoFe2O4 NPs and DCNC with 
CoFe2O4 NPs to diatomite ratio of 1 to 10. CoFe2O4 NPs (a, e,), DCNC (b, f). 
FESEM images (a, b), FESEM-EDX patterns of CoFe2O4 NPs (c), DCNC (d). 
TEM images (e, f)

 2. ábra A CoFe2O4NP-k, a diatomit és a DCNC XRD mintái, a CoFe2O4 NP-k 1-10 
közötti diatomit arányokkal

 Fig. 2 XRD patterns of CoFe2O4NPs, diatomite and DCNC with CoFe2O4 NPs to 
diatomite ratios of 1 to 10

3.3 Magnetic properties
CoFe2O4NPs is a kind of widely used magnetic nanomaterial 

with large ferromagnetic anisotropy constants. Its magnetic 
properties originated from the magnetic coupling interaction 
between Co2+ and Fe3+ ions through oxygen atoms [25, 26]. 
The magnetic hysteresis loops of all samples were measured 
by VSMat room temperature (Fig. 3). Magnetic parameters of 
CoFe2O4NPs and DCNC such as coercivity (Hc), saturation 
magnetization (Ms), retentivity and Remanence ratio (Mr/Ms) 
are presented in Table 1.

 3. ábra  A CoFe2O4 NP és DCNC mágnesezési görbéi. DCNC 1 és DCNC 3 
CoFe2O4NP-kkel, a diatomit aránya 1:2, 1:5, illetve 1:10 között

 Fig. 3 Magnetization curves of CoFe2O4 NPs and DCNC. DCNC 1 to DCNC 3 with 
CoFe2O4NPs to diatomite ratios of1 to 2, 1 to 5 and 1 to 10, respectively

Samples Coercivity
Hc (Oe)

Saturation 
magnetization
Ms (emu.g-1)

Retentivity
Mr 

(emu.g-1)

Rema-
nenceratio

Mr/Ms

CoFe2O4 NPs 837.07 96.5 49.9 0.52

DCNC 1 262.07 53.43 10.94 0.2

DCNC 2 148.21 43.39 6.04 0.14

DCNC 3 403.07 32.61 9.08 0.28

 1. táblázat VSM-rel mért mágneses paraméterek CoFe2O4 NP-k, DCNC 1 és DCNC 3, 
CoFe2O4NP-k, diatomit arányaránya 1:2, 1: 5, illetve 1:10 között

 Table 1 Magnetic parameters measured from VSM for CoFe2O4 NPs, DCNC 1 to 
DCNC 3 with CoFe2O4NPs to diatomite ratios of 1 to 2, 1 to 5 and 1 to 10, 
respectively

The hysteresis graphs for CoFe2O4 NPs and DCNC are 
typical of the soft magnetic material. CoFe2O4 NPs exhibits 
significant ferromagnetic behavior with Hc of 837.07Oe, Ms 
of 96.5 emu·g-1, Mr of 49.9 and Mr/Ms of 0.52. It seems that 
existing strong ferromagnetic coupling among CoFe2O4 NPs, in 
which them ferromagnetically coupled together and behaving 
as magnetic nanochains rather than as individual NP [17]. As 
shown in Fig. 3, it is clear that the saturation magnetization 
of DCNC is much lower than the corresponding value of 
CoFe2O4 NPs. Lower saturation magnetization is contributed 
to the addition of non-magnetic diatomite to CoFe2O4 NPs. 
Therefore, from the aspect of engineering application, the 
magnetic properties of DCNC can be adjusted to meet the 
requirement of actual design by changing the compositions 
between diatomite and CoFe2O4 NPs.

3.4 Dielectric properties
The microwave dielectric properties of CoFe2O4 NPs and 

DCNC were measured at frequencies (0-18 GHz) by the 
microwave network analyzer. The electromagnetic properties 
are mainly characterized by two basic parameters[4, 27]as 
described by Eq.(1) and Eq.(2):

Complex permittivity,  (1)
Complex magnetic permeability,  (2)

Where εʹ and ε˝ are the real part or dielectric constant and 
imaginary part or dielectric loss of the complex dielectric 
permittivity. Where μʹ and μ˝ are the real magnetic permeability 
and magnetic loss.

In addition, the dielectric loss tangent (tan δ) characterizes 
the dielectric loss of a dielectric material after applying an 
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electric field. Where δ is dielectric loss angle. The electric loss 
tangent is determined by the complex permittivity:

     (3)

The magnetic loss tangent is determined by the complex 
permeability:

       (4)

3.4.1 Dielectric properties
It is well known that the dielectric constant is the expression 

of the polarization capacity of the material. Dipoles, interfaces, 
ions and electron polarization favor dielectric loss. At lower 
frequencies, dipole and interfacial polarization are important 
for dielectric loss. However, ion and electron polarization make 
a most significant contribution to the dielectric loss at higher 
frequency[28]. Polarization and variation of dielectric constant 
in CoFe2O4 and its complexes may be related to changes of Fe2+ 
and Fe3+ concentrations [29]. Moreover, the dielectric constant 
of CoFe2O4 and its complexes depends on the amount of Fe2+ 
in the microwave frequency because they are susceptible to 
polarization than Fe3+ [30]. 

Fig4-a Fig4-b

Fig4-c Fig4-d

Fig4-e
Fig4-f

 4. ábra A CoFe2O4 NP-k, a diatomit és a DCNC dielektromos tulajdonságai. 
DCNC 1 és DCNC 3 CoFe2O4 NP-k, a diatomit aránya 1:2, 1:5, illetve 
1:10 között. Komplex permittivitás (ε, a, b), komplex permeabilitás (μ, 
c, d) és veszteségtangens (tanδ, e, f). Az ε (εʹ, a) valódi része, az ε (ε ", b) 
képzetes része. Μ (μʹ, c) valódi része, μ (μ", d) képzetes része. Elektromos 
veszteségtangens (tanδE, e), mágneses veszteségtangens (tanδM, f)

 Fig. 4 Dielectric properties of CoFe2O4 NPs, diatomite and DCNC. DCNC 1 to 
DCNC 3 with CoFe2O4 NPs to diatomite ratios of 1 to 2, 1 to 5 and 1 to 10, 
respectively. Complex permittivity (ε, a, b), complex permeability (μ, c, d) and 
loss tangent (tanδ, e, f). Real part of ε (εʹ, a), imaginary part of ε (ε”, b). Real 
part of μ (μʹ, c), imaginary part of μ (μ”, d). Electric loss tangent (tanδE, e), 
magnetic loss tangent (tanδM, f)

The dielectric properties of CoFe2O4 NPs, diatomite and 
DCNC are shown in Fig. 4 in the frequency range of 2~18GHz. 
The ε’ of the samples always show a rapid decline and then a 
small increase, and finally a downward trend. ε” appears to 
fall and then rise and then fall again, finally in rising trend. 
At 4~6Hz, 7~9Hz Fig. 4a and Fig. 4b appear more obvious 
dielectric resonance peak. The values of ε’, ε” in single CoFe2O4 
are the smallest in the range of 2~18Hz. The value of ε’ fluctuates 
between 1.26~1.13 and the value of ε” fluctuates in the range of 
0.09~0.18. With the decrease in the mixing ratio of CoFe2O4 and 
diatomite, the values of ε’, ε” have been significantly improved. 
When the ratio of CoFe2O4 to diatomite is 1:5, the values of ε’, 
ε” are the largest and the best. The maximum values of ε’, ε’’ are 
1.47 and 0.18 respectively, and the minimum values are about 
1.23 and 0.09 respectively. The peaks in the range of 4~6Hz 
are about 1.29 and 0.075 respectively, and the peaks in 7~9Hz 
are about 1.32 and 0.1. Significant relaxation peaks appeared at 
around 6 GHz and 15 GHz, indicating that there is dielectric 
relaxation in both CoFe2O4 NPsand composites [31] and the 
polarization is strong. But only when CoFe2O4 and diatomite 
ratio of 1:5 and 1:10, The values of ε’, ε” are greater than a single 
diatomite and the effect is better after compositing. Although 
the composite of 1:10 is relatively smaller than that of 1:5, it 
is relatively close to that of 1:5. The maximum value of ε’ is 
about 1.44 and the minimum value is about 1.22 when the ratio 
of CoFe2O4 to diatomite is 1:10. And its peaks in 4~6Hz and 
7~9Hz are about 1.29 and 1.31 respectively. Its value of ε” is 
almost the same to the value of 1:5, so it is more economical 
in practical application. And when CoFe2O4 and diatomite 
ratio is 1:2, the values of ε’, ε” are between single CoFe2O4 and 
single diatomite. Thus, the effect is general. The loss tangent 
represents the loss of the microwave absorbing material 
and supports the dominant contribution of conductivity to 
dielectric loss. It can be seen from the Fig. 4e that the value of 
a single diatomite is the largest and the value of single CoFe2O4 
is the smallest, which is mainly because diatomite is a dielectric 
loss material and CoFe2O4 is electromagnetic loss material. As 
the ratio of CoFe2O4 to diatomite decreases, the loss tangent is 
also reduced.

3.4.2 Permeability properties
In the range of 2~18Hz, the values of μ’ of each sample shows 

a trend of decreasing at first and then rising, and fluctuating in 
a small range. The value of μ” has a more complex change with 
a greater degree fluctuating. The value of μ’ of a single CoFe2O4 
is the largest in the range of 2~18Hz and the maximum is about 
0.045, which is close to the ratio of CoFe2O4 to diatomite at 
1:10. However, as the ratio of CoFe2O4 to diatomite increases, 
the value of μ’ decreases at the same frequency. When the ratio 
of CoFe2O4 to diatomite is 1:2, the value of μ’ is the smallest 
in the range of 2~18Hz and the minimum is about 0.92. The 
single diatomite is slightly larger than it. In addition, the value 
of μ” is the largest in the low frequency range whose maximum 
is about 0.045 but the single diatomite is the smallest and its 
minimum is about 0.015. In the high frequency range, the 
volatility is more complicated. The single diatomite is the 
largest in 12~14Hz and 16~18Hz and the peaks are about 0.023 
and 0.015 respectively. Moreover, in 14~16Hz, the largest value 
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is 0.015 when the ratio of CoFe2O4 to diatomite is 1:10. It can 
be seen from Fig. 4d that the magnetic permeability fluctuates 
greatly with frequency, and multiple resonance peaks appear, 
indicating the presence of ferromagnetic resonance behavior 
[32]. Dues to the influence of CoFe2O4 spinel structure on the 
anisotropy field, the magnetic field anisotropy causes a large 
change in magnetic permeability. The main source is that the 
unpaired electrons in the ferromagnetic medium use magnetic 
materials to absorb energy from the microwave magnetic field 
and cause magnetic energy loss. According to the analysis of 
magnetic loss tangent, in the low frequency range, the loss is 
the largest when the ratio of CoFe2O4 to diatomite is 1:2 and the 
performance is closer when the ratio of CoFe2O4 to diatomite is 
1:5 and 1:10. In the High-frequency range, the ratio of CoFe2O4 
to diatomite is 1:10 better than 1:5, and the loss angle tangent 
is greater.

In general, when the dielectric and magnetic properties of 
the composites are matched with each other, the microwave 
absorption effect will be better. Considering the economic 
rationality and the absorbing effect, when the ratio of CoFe2O4 
to diatomite is 1:10, the dielectric dissipation effect of diatomite 
and the magnetic dissipation effect of CoFe2O4 NPs can be 
combined to achieve the best absorbing properties.

3.4.3 Microwave absorption properties
As shown in Fig. 5, the microwave absorption performances 

of the samples are basically the same, which have the best 
absorption effect when nearing 11 GHz. This phenomenon 
is consistent with the above analysis of the permeability. The 
porous structure of the diatomite as the matrix causes the 
electromagnetic wave traveling path to cause the formation 
of multiple internal reflections and multiple scattering, which 
significantly enhances the attenuation capability, thereby 
contributing to the enhancement of microwave absorption 
performance [33]. When the ratio of CoFe2O4 to diatomite is 
1:2, the composite has the best absorbing effect. When the ratio 
of CoFe2O4 to diatomite is 1:10 and 1:5, the wave absorbing 
performance is the second. The peak is about -9dB in 4~6Hz. 
The range of <-10Hz is between 10Hz and 12Hz and the 
maximum reflection loss is about -12dB. In addition, when the 
ratio of CoFe2O4 to diatomite is 1:10, the composite has the best 
absorbing effect whose maximum reflection loss is about -9dB 
ranging from 12 to 18Hz, while the maximum reflection loss 
of other materials is only about -7Hz. As shown in Table 2, it 
reflects the maximum reflectivity loss for each material. From 
the economic point of view, when the ratio of CoFe2O4 to 
diatomite is 1:10, the absorbing performance is close to that 
of CoFe2O4 and diatomite of 1:2 in the low frequency range. 
Moreover, in the high frequency range, the composite of 1:10 
has the best absorption effect. 

Therefore, the composite of 1:10 is most conducive to the 
promotion. It is worth noting that CoFe2O4 and its complex 
have two secondary absorption peaks near the 5 GHz and 15 
GHz frequencies, which correspond to the minimum value of 
the sample loss tangent rather than the sub-peak corresponding 
to the loss tangent. The absorption peak has moved. In a word, 
the absorbing ability of the material is not only closely related 
to its permeability, but also has a significant relationship with 

the thickness of the absorbing plate, which will result in the 
left and right offset of peak positions of absorption peaks 
and values of loss tangent. Therefore, the wide peak value of 
the loss tangent will be of great importance to the expansion 
of absorbing capacity, so that the material can meet the 
requirements of multi-band and various thicknesses.

Sample Maximum reflectivity 
loss/dB

The corresponding 
frequency/Hz

CoFe2O4 NPs 10.73 10.83

Diatomite 8.42 18

DCNC 1 12.04 10.74

DCNC 2 10.59 10.74

DCNC 3 11.17 10.83

 2. táblázat A CoFe2O4 NP-k, a diatomit és a DCNC maximális reflexiós vesztesége. 
DCNC 1 és DCNC 3 CoFe2O4NP-k, a diatomit aránya 1:2, 1:5, illetve 1:10 
között

 Table 2 The maximum reflectivity loss of CoFe2O4 NPs, diatomite and DCNC. DCNC 
1 to DCNC 3 with CoFe2O4NPs to diatomite ratios of 1 to 2, 1 to 5 and 1 to 
10, respectively

 5. ábra A CoFe2O4 NP-k, a diatomit és a DCNC mikrohullámú abszorpciós 
tulajdonságai. DCNC 1 és DCNC 3 CoFe2O4NP-kkel, a diatomit aránya 1: 2, 
1:5, illetve 1:10 között

 Fig. 5 Microwave absorption properties of CoFe2O4 NPs, diatomite and DCNC. 
DCNC 1 to DCNC 3 with CoFe2O4NPs to diatomite ratios of1 to 2, 1 to 5 and 
1 to 10, respectively

4. Conclusions
In summary, the DCNC of CoFe2O4/diatomite were 

fabricated via citric acid-nitrate sol-gel auto-combustion 
method. The FE-SEM and TEM observations confirmed that 
the magnetic NPs were uniformly dispersed in the surface and 
porous structure of diatomite to form stable DCNC. Magnetic 
measurements show that all samples are ferromagnetic, and 
that the Co2+ occupies the octahedral (B) site, will result in a 
reduction in the A-O-B super exchange interaction and a total 
of the magnetic properties of Fe3+ ions reduce. The microwave 
dielectric properties of the DCNC show that the dielectric 
and magnetic properties of the composites are optimized. The 
optimized best absorption performance of DCNC with ratio 
of CoFe2O4 to diatomite is 1:10 considering the economic 
rationality and the absorbing performances. In generally, our 
study shows a promising way for construction of diatomite-
based functional nanomaterials.
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