
R ESEARCH  ARTICLE

doi: 10.2306/scienceasia1513-1874.2021.074
ScienceAsia 47 (2021): 585–593

Synthesis and characterization of low-density porous
Ni0.55Zn0.25Cu0.20Fe2O4 (NZCFO) by sol-gel
auto-combustion method
Qiushan Yua,b, Yuchang Sua,∗, Rabigul Tursuna, Zhongbao Luoa, Jing Zhanga

a School of Materials Science and Engineering, Central South University, Changsha 410083 China
b School of Physics and Optoelectronic Engineering, Yangtze University, Jingzhou 430023 China

∗Corresponding author, e-mail: emlink@csu.edu.cn
Received 24 Jan 2021
Accepted 14 Jun 2021

ABSTRACT: Ni-Zn-Cu ferrite plays an important role in soft magnetic material applications due to its excellent magnetic
properties, but its high bulk density hinders its practical use. Therefore, some low-density porous Ni-Zn-Cu ferrite
powders were prepared by a sol-gel auto-combustion method using metal nitrates and citric acid as raw materials to
solve the problem. The microstructure, morphology, magnetic properties, and microwave absorption performance of
the ferrite were studied by TG-DSC, XRD, SEM, BET, FT-IR, VSM, and Vector Network Analyzer. The results revealed that
the xerogels formed from nitrate and citric acid could undergo auto-combustion in air under the external conditions,
and the release of heat and gas during the process can promote the formation of a multi-layered internal cavity
structure in the ferrite to yield only a half bulk density of the general ferrite. The purity, morphology, grain size, and
saturation magnetization of Ni0.55Zn0.25Cu0.20Fe2O4 could be controlled by heat treatments at different temperatures
and durations. The synthesized Ni0.55Zn0.25Cu0.20Fe2O4 had excellent soft magnetic properties, low-density, and good
microwave absorption properties, which make it an excellent microwave absorbing material with great promising
practical application.
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INTRODUCTION

The rapid development of information technology
in recent years has precipitated an ever-increasing
abundance of electromagnetic signals in space, con-
tributing to various sources of “electromagnetic pol-
lution” to people’s living environment [1]. A promis-
ing strategy to reduce electromagnetic pollution
of human habitats is utilized by electromagnetic
protection technology in building materials to re-
duce the electromagnetic impact. Ni-Zn-Cu ferrite
(NixZn1-x-yCuyFe2O4, NZCFO) has become one of
the leading materials used for soft magnetic and
microwave absorbing applications due to its high
saturation magnetization, high resistivity, low coer-
cive force, low preparation cost, and good absorbing
performance [2–11].

NZCFO could be synthesized by several meth-
ods, such as sol-gel method [2], laser deposition [3],
co-precipitation [4, 5], auto-combustion [6], hy-
drothermal method [7], ball milling [8], precursor
method [9], microemulsion technique [10], and
ultrasonic cavitation [11]. As one of the most widely

used building materials, sol gel had been prepared
in combination with ferrite materials. The gel mate-
rial exhibited good microwave absorbing properties
and, consequently, effectively reduced pollution by
electromagnetic waves. Therefore, this material
enabled a simple and feasible method for protecting
against electromagnetic pollution. Since the density
of general ferrite of about 5.8 g/cm3 is far ex-
ceeding the average density of composite materials,
strategies toward reducing the problematically high
density of ferrite materials focus primarily on com-
bination and hollowing technologies. Ferrite and
bamboo-charcoal were combined to effectively re-
duce bulk density and achieved good microwave ab-
sorption performance [12]. Nanoscale ferrite pow-
der with a bulk density of only 4.03–4.32 g/cm3 was
produced using a hydrothermal template method
with sulphates of nickel, zinc, and iron as raw ma-
terials, and triethylamine and polyethylene glycol
as template [13]. A diatomite/nickel zinc ferrite
composite was prepared by the sol-gel method, the
density was reduced to 3.2–3.8 g/cm3, and the
dielectric and magnetic losses were higher than that

www.scienceasia.org

http://dx.doi.org/10.2306/scienceasia1513-1874.2021.074
http://www.scienceasia.org/
mailto:emlink@csu.edu.cn
www.scienceasia.org


586 ScienceAsia 47 (2021)

of general Ni-Zn ferrite within the 1–1000 MHz fre-
quency band [14]. The citrate solution gel method
was used to form strontium cobalt nickel barium
ferrite composite powder which exhibited good mi-
crowave absorbing properties in the 5–8 GHz band
on the surface of hollow beads [15]. However, these
existing preparation methods had some disadvan-
tages, such as fragile hollow templates, complex
preparation processes, high preparation costs, and
high density end products. In order to solve the
shortcomings of the existing technologies, a method
of xerogel formation using nitrate and citric acid as
law materials could accomplish auto-combustion in
air under the external conditions to obtain NZCFO.
This method has the advantages of lower-density,
simpler process, lower preparation cost, and better
wave absorbing property of the product.

MATERIALS AND METHODS

Fe(NO3)3 ·9 H2O, Ni(NO3)2 ·6 H2O, Zn(NO3)2 ·
6 H2O, and Cu(NO3)2 ·3 H2O were used as synthesis
raw materials. Dilute NH3 ·H2O served as a means
of adjusting pH, while citric acid (CA) was used as
chelating agent, NZCFO powder was prepared by
the sol-gel auto-combustion method.

Typical preparation of NZCFO powder be-
gan with 0.1 mol Fe(NO3)3 ·9 H2O, 0.0275 mol
Ni(NO3)2 ·6 H2O, 0.0125 mol Zn(NO3)2 ·6 H2O,
0.01 mol Cu(NO3)2 ·3 H2O, and 0.16 mol CA, which
were each weighed, combined in 250 ml deionized
water, and stirred until completely dissolved. Dur-
ing stirring, the pH value of the solution was ad-
justed to 7 via dropwise addition of dilute NH3 ·H2O
[16–21]. After 12 h continuous stirring, the so-
lution was moved to a 120 °C blast drying oven
and concentrated to form a brown xerogel which
was ignited by external conditions and, therefore,
underwent auto-combustion. After combustion, the
resulting NZCFO, which exhibited fluffy dendrite
morphology, was collected and subjected to heat
treatment at various temperatures.

In order to test and characterize the sample’s
structure and properties, the thermogravimetric and
differential scanning calorimetry (TG-DSC) analyses
were carried out using a simultaneous thermal ana-
lyzer (STA449C, NETZSCH) from room temperature
to 1000 °C at a heating rate of 10 °C/min in air. The
crystalline phase of the powders was characterized
using X-ray diffraction (XRD) at room temperature
with a Rigaku D/Max 2500 powder diffractometer
and Cu Kα radiation (λ = 1.5406 Å) at a scan-
ning rate of 8°/min in the 2θ range of 10–70°.
The sample structure bonding was characterized
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Fig. 1 TG-DSC curves of the xerogel.
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Fig. 2 IR spectra of: (a) xerogel before auto-combustion,
(b) post auto-combustion xerogel, and (c) xerogel after
auto-combustion and calcination at 600 °C for 4 h.

by Fourier-transform infrared (FT-IR) spectroscopy
(Nicolet Nexus) over a range of 400–2000cm−1

and the magnetic properties of the NZCFO sam-
ple were characterized using a vibrating sample
magnetometer (VSM, Lake Shore 7410) within 1T
magnet at room temperature. Pycnometer method
was used to acquisition the density of powders,
Scanning electron microscopy (SEM, MIRA3 TES-
CAN) was used to obtain the morphology of the
samples. Then, Surface area and porosity analyzer
(Micromeritics, ASAP2460)was used to obtain the
adsorption-desorption and the mesoporous distri-
bution curves. The dielectric and magnetic losses
of the sample were analyzed by Vector network
analyzer (AV3672B-S).
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Table 1 Density of xerogel powder after calcination at 600 °C for 4 h.

Measurement Mass of m1 (g) Mass of m2 (g) Mass of m3 (g) Density ρ (g/cm3)

1 0.1389 16.4664 16.5621 2.5105
2 0.2271 16.4639 16.6208 2.5259
3 0.1193 16.4656 16.5479 2.5175
Average 0.1618 16.4653 16.5769 2.5193

Table 2 Grain sizes and magnetic parameters (Ms, Mr , Hc and Mr/Ms) of NZCFO samples at room temperatures.

Sample Grain size (nm) Ms (emu/g) Mr (emu/g) Hc (Gauss) Mr/Ms

NZCFO-NHT† 19.1±0.3 45.72±0.14 9.67±0.17 101.92±0.18 0.211
NZCFO-600 18.8±0.3 61.49±0.17* 13.38±0.08 126.63±0.27* 0.218
NZFCO-700 20.7±0.5 64.29±0.23 13.84±0.09 91.08±0.29 0.215
NZFCO-800 22.3±0.4 67.13±0.22 8.69±0.08 49.44±0.16 0.129

† No heat treatment.
* Reported by Gao: Ms = 36 emu/g and Hc = 167 Gauss [37].
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Fig. 3 The XRD patterns of: (a) NiZnFe2O4 standard and
(b–f) Ni0.55Zn0.25Cu0.20Fe2O4 calcinated at 600–900 °C in
air.

RESULTS AND DISCUSSION

The prepared xerogel was analyzed by TG-DSC in
air, and the obtained curves are shown in Fig. 1.

As the in air temperature increased from ambi-
ent to 200 °C, the sample existed in the endothermic
state, with two weak peaks appearing near 132.6 °C
and 168.6 °C indicating a combined mass loss of
5.35%. As shown in the FT-IR test curve (Fig. 2), the
as-prepared xerogel (depicted by curve (a)) exhib-
ited a strong water absorption characteristic peak
near 1630 cm−1 that was significantly weakened af-
ter auto-combustion (curve (b)). Hence, it could be
deduced that the sample underwent substantial wa-
ter loss during the auto-combustion process. There-

fore, the endothermic peak observed in this process
between room temperature and 200 °C corresponds
to the loss of CA hydrated water (Formula (1)) and
the melting transformation of nitrate [22–24]. With
further increasing temperature, the first exothermic
peak formed near 206.4 °C and indicated a mass loss
of about 54.12%. From the rate of mass loss, it could
be inferred that the CA was oxidized by O2 to gen-
erate exothermic reaction (Formula (2)) [24]. Near
289.2 °C, thermal decomposition mainly occurred
according to Formula (3), following a relatively
gentle process and, therefore, forming a relatively
subdued second exothermic peak. Around 396.0 °C,
the thermal decomposition mainly followed For-
mula (4), wherein the oxidation of nitrate occurred
very rapidly, resulting in the formation of a steep
third exothermic peak [22–25].

C6H8O7 ·H2O→ C6H8O7+H2O−QT1 (1)

2 C6H8O7+9O2→ 12CO2+8 H2O+QT2 (2)

NH4NO3→ N2O+2 H2O+QT3 (3)

2 NH4NO3→ 2N2+O2+2 H2O+QT4 (4)

Comparing the IR spectral curves of xerogel before
(Fig. 2a) and after (Fig. 2b) auto-combustion re-
vealed that the characteristic absorption peaks of ni-
trate and organic matter were rapidly weakened af-
ter combustion, indicating the involvement of these
two substances in the reaction. In fact, Formula
(4) indicated that the auto-combustion reaction was
a thermally-induced redox reaction. The oxygen
released from the redox reaction greatly increased
the reaction rate, prompting the rapid release of
a large amount of heat and gas from the melted
xerogel and, thereby, promoting the reaction and
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Fig. 4 SEM images of NZCFO: (a) xerogel morphology; (b) morphology of post auto-combustion xerogel; (c) low
magnification; and (d) high magnification; (e) and (f) EDS spectrum of NZCFO.

organization of metal ions to form a loose nano-
powder with spinel structure [26, 27].

An appropriate amount of xerogel sample, post
auto-combustion sample, and calcinated sample
each was mixed with KBr, and three mixtures were
obtained and pressed into tablets. The tablets were
measured across a wavenumber of 400–2000 cm−1

by FT-IR spectrometer. Curve (a) in Fig. 2, corre-
sponding to the xerogel, exhibited a strong peak
near 1630 cm−1 indicating water H−O−H bend-
ing vibration absorption, which was related to the
crystal water of CA and adsorbed water of ni-
trate [28]. Near 1600 cm−1, the characteristic
absorption peak of citrate (antisymmetric stretching
vibration band) indicated that CA formed a stable
complex in the gel with metal cation. The CA salt
exhibited characteristic vibration absorption bands
near 1380 cm−1 and 830 cm−1, while the character-
istic absorption band of ferrite near 570 cm−1 was
very weak, indicating that while the gel contained
abundance of nitrate, the ferrite had not yet been
formed in large quantities [28]. The curves corre-
sponding to post auto-combustion samples in Fig. 2,
namely curves (b) and (c), featured substantially
weakened characteristic absorption peaks of water
molecules near 1630 cm−1, characteristic absorp-
tion peaks of citrate near 1600 cm−1, and charac-

teristic vibration absorption bands near 1380 cm−1

and 830 cm−1. Furthermore, the 400–830 cm−1

region of curve (a) contained relatively modest
features, while those of the post auto-combustion
samples showed strong absorption bands at the
ferrite characteristic peak near 570 cm−1, indicating
the involvement of both CA and nitrate ions in the
processes of colloid formation and auto-combustion
reaction, thereby contributing to the formation of
ferrite. As such, these FT-IR spectra corroborated
that the proposed Formulas (1)–(4) suitably de-
scribed the auto-combustion process in the samples
[28–31]. However, because the auto-combustion
process always occurred in an unsealed container,
the combustion reaction was incomplete, and traces
of organic groups such as CA and residual nitrate
ions remained in the sample. Nonetheless, high-
temperature treatment elicited removal of these
residues, so pure ferrite could be obtained (curve
(c) in Fig. 2).

From Fig. 3, the XRD patterns of all sam-
ples contained the diffraction peaks of NiZnFe2O4
(JCPDS No.08-0234) with the spinel structure at
2θ diffraction angles of 18.3°, 30.1°, 35.4°, 37.1°,
43.0°, 53.4°, 56.9°, and 62.5° reflecting crystalline
surfaces with (111), (220), (311), (222), (400),
(422), (511), and (440), respectively. The absence
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Fig. 6 M-H loops of NZCFO nanopowder.

of obvious miscellaneous peaks in the diffraction
patterns after 4 h at 600–800 °C in air indicated
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and (c) the reflection loss curve with frequency.

that the samples had good purity. Conversely, there
were some clutter peaks after 4 h at 900 °C in
air. Based on these data, the pure phase could
be synthesized below 900 °C. Moreover, the XRD
patterns established that the product synthesized
from auto-combustion was a single phase of NZCFO.
Subsequent heat treatment of the product caused
the diffraction characteristic peak to grow sharper,
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which indicated improvement of crystallinity.
The average grain size of the sample could

be calculated from the half height and width of
the (311) crystal surface and the location of the
strongest diffraction peak. The calculation was
performed via Debye Scherrer’s formula [32]:

D =
kλ

β cosθ
(5)

Here, D is the crystal grain size, 0.89 is Scherrer’s
constant, λ = 1.5406 Å is the wavelength of the X-
ray Cu Kα source, β is the width at half-maximum
of the diffraction peaks, and θ is the diffraction
angle. Calcinations at 600–800 °C for 4 h caused
the grain size of the samples to first decrease from
19.1±0.3 nm to 18.8±0.3 nm, and then increase
to 22.3±0.4 nm. These results correspond to the
recrystallization of the auto-combusted grains dur-
ing the heat treatment, which largely reduces grain
defects and improves magnetic properties.

Fig. 4 depicted SEM images of the xerogel and
post auto-combustion samples. The morphology of
the xerogel, as shown in Fig. 4a, was characterized
by agglomerated colloids and sparse pores on the
surface. As suggested by the TG-DSC analysis, the
pores were likely channels formed by the release
of steam from the colloid during the 120 °C drying
process. Fig. 4b showed the morphology the xerogel
after ignition and auto-combustion. The morpholo-
gies, when combined with TG-DSC, XRD, and FT-IR
analyses, indicated that the nitrate and CA compo-
nents in the xerogels underwent melting and ther-
mal decomposition during auto-combustion, and
that the release of formed gas was responsible for
the unique morphology inside the xerogels. The
sample depicted in Fig. 4b was calcinated at 600 °C
for 4 h, and its detailed morphology is presented in
Fig. 4cd. In Fig. 4c, many thin-walled cavities were
visible. Visible in the higher-resolution Fig. 4d were
not only these cavities, but also many micropores
lining the cavity walls. Comparison among Fig. 4b,
Fig. 4c, and Fig. 4d, combined with the change of
grain size indicated by XRD analysis (Table 2), led
us to believe that the recrystallization of ferrite
grains after high-temperature calcination causes the
formation of a large number of micropores on the
cavity walls. These cavities and micropores serve to
greatly reduce the bulk density of the sample.

In order to obtain an area on the surface
of sample in Fig. 4e and quantitatively determine
the elements by EDS(Energy Dispersive Spectrom-
eter), the target element content (Atomic %) of
the sample determined by ZAF modification method

was Ni:Zn:Cu:Fe ≈ 5.52:2.51:2.17:18.32, close to
the preset metal element ratio of Ni0.55Zn0.25Cu0.20
Fe2O4 (Fig. 4f) [33].

The abundance of holes, visible in SEM images
of the cross sectioned sample, and cavity walls
(Fig. 4b-d) contribute to its porous structure which
may help to reduce its bulk density. At room tem-
perature, measured by the Pycnometer method, the
bulk density of the powder was about 2.52 g/cm3

(Table 1), which was about 1/2 of the general ferrite
(5.8 g/cm3) and close to the hollow ferrite (2.3–
4.3 g/cm3) [12–14].

The powder density, ρ, in Table 1 was cal-
culated by the Pycnometer method. Firstly, we
weighed the sample powder with mass of m1, then
poured it into a 5 ml volumetric flask. The flask
was filled with alcohol, and then weighed the total
mass of m3. The mixture of alcohol and powder in
the flask was replaced with alcohol and weighed to
obtain a new mass of m2. The density of alcohol at
room temperature was ρ0 = 0.7808 g/cm3, and the
density of powder was obtained by Eq. (6) [34]:

ρ =
m1

m1+m2−m3
×ρ0 (6)

In order to characterize the pores and low bulk
density formed in the NZCFO samples, the samples
were vacuum treated at 150 °C for 10 h to remove
moisture, and then the N2 adsorption-desorption
isotherms of the samples were measured by a multi-
purpose adsorption instrument. The specific sur-
face area and the pore volume were calculated by
Barrett-Emmett-Telleller (BET) and Barrett-Joyner-
Halenda (BJH) methods, respectively, and the re-
sults are shown in Fig. 5ab.

The N2 adsorption-desorption isotherm curves
shown in Fig. 5a indicated that in the low pressure
section, the amount of adsorbed N2 gradually in-
creased across the P/P0 range of 0.1 to 0.95, al-
though the adsorption curve became very steep and
the adsorption capacity increased rapidly for P/P0
between 0.95 and 1.0. The change to the adsorption
curve indicated that the sample had characteristics
of a class IV curve [35]. The desorption branch
was located above the adsorption branch, and both
tended to be parallel in the vicinity of saturated
vapor pressure when P/P0 was between 0.95 and
1.0, forming a hysteresis loop with H3 character-
istics [36]. Analyses of the sample morphology
and the BJH aperture algorithm using SEM led us
to believe that the grains in the NZCFO powder
were loose and accumulate into micropores of pore
size about 2 nm and mesopores with multi-layered
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sheets and of pore size 30 to 100 nm (Fig. 5b). The
BET surface Area was 6.68 m2/g, the BJH adsorp-
tion cumulative surface area of pores of 1.70 nm
to 300.00 nm in width was 5.00 m2/g, and the
BJH desorption cumulative surface area of pores
was 7.40 m2/g. These features can be attributed
to the following: (1) rapid oxidation of the xerogel
during the auto-combustion redox process caused
rapid release of the gas, which led to the formation
of a large number of pore channels; (2) oxidation
and elimination of the organic matter in the xerogel
caused a reduction of volume and the formation
of numerous voids between the grains, which pro-
moted loose packing of grains and contributed to the
formation of pores. These pores were beneficial for
improving microwave absorption performance and
decrease of ferrite body density.

The magnetic properties of the NZCFO nano-
powders were studied by VSM magnetometer. The
observed hysteresis loop (M–H) curve is shown in
Fig. 6. The relative magnetic properties, including
saturation magnetization (Ms), coercive force (Hc),
and remanent magnetization (Mr) are shown in
Table 2.

As shown in Fig. 6 and Table 2, the NZCFO
samples prepared by the sol-gel auto-combustion
method displayed clear hysteresis behavior, and the
Ms, Mr , and Hc of NZCFO-600 were 61.49 emu/g,
13.38 emu/g, and 50.79 Gauss, respectively. The
soft magnetic properties were superior to those
prepared using the sol-gel method as reported by
Gao [37] (Ms = 36 emu/g and Hc = 167 Gauss).
With increasing temperature, the Ms of NZCFO
gradually increased, while the Mr , Hc , and Mr/Ms
first increased and then decreased. Meanwhile, the
NZCFO grain size first decreased and then increased
gradually, which could be attributed to recrystalliza-
tion of the sample. The latter phenotype could be at-
tributed to improved sample crystallinity, increased
grain size, and decreased number of spin suspension
bonds on the surface, which led to increase net
spin moment and Ms. When the size exceeded the
critical grain size, the domain wall formed gradually
as the coercive force decreased [33, 38]. As the
grain size grew, so did the Ms, while the Mr , Hc ,
and Mr/Ms decreased. The NZCFO-800 had the
minimum remanence ratio and a narrow hystere-
sis loop, showing that a soft magnetism, a high
remanence ratio, and a small coercive force could
improve magnetic and electrical coupling, making it
more advantageous in high frequency soft magnetic
medium application [39].

The electromagnetic properties of the NZCFO

samples were tested by a Vector Network Analyzer.
The results are shown in Fig. 7a-c. The dielectric
properties were expressed by complex permittivity.
The real part was the storage capacity of electric
energy, and the imaginary part was the consumption
capacity of electric energy [40, 41]. Magnetic prop-
erties could be expressed as complex permeability,
real part as magnetic energy storage capacity, and
imaginary part as magnetic energy consumption
capacity [40, 42].

Fig. 7a depicted a diagram of the NZCFO di-
electric constant versus frequency. The value of the
real component was much higher than that of the
imaginary component, indicating that the electric
energy storage capacity exceeded the consumption
capacity on the dielectric parameters of the sample.
Fig. 7b showed the NZCFO permeability versus fre-
quency, wherein the real and imaginary components
of the permeability were roughly equivalent, and
the permeability values exceeded those reported by
Gao [37]. Fig. 7c was the reflection spectrum of
the NZCFO across the 2–18 GHz microwave range.
The extrema value of −36.3 dB occurred when the
film thickness was 4.5 mm, with the peak appearing
near 8.0 GHz and the absorption peak band close
to 2 GHz. The microwave absorption performance
of the film was better than that of diatomite/Ni-Zn
ferrite [37].

The electromagnetic properties of spinel ferrite
mainly depended on the distribution of metal ions
in the crystal structure and the spatial structure of
grains. In spinel ferrite, the oxygen ions occupied
a cubic close-packed structure, while the metal ions
were distributed in the gaps between oxygen ions, as
described generally by the following Formula (7):

(Me2+
δ Fe3+

1−δ)[Me2+
1−δFe3+

1+δ]O4 (7)

The ions in ( ) occupied position A (tetrahedral gap),
and the ions in [ ] occupied position B (octahe-
dral gap). In NZCFO, the order of the proclivities
of metal ions to occupy position A was Zn2+ >
Fe3+ > Cu2+ > Ni2+, favoring a cation distribution
of (Zn2+

0.25Fe3+
0.5)[Ni2+0.55Cu2+

0.20Fe3+
1.5]O4 and, therefore,

the formation of spinel ferrite [43]. Addition of
Zn2+ increased the tendency of metal ions to occupy
the A-site, and some Fe3+ occupying A-site enter
the B-site. As the magnetic moment of was about
5 µB, the magnetic moment of Cu2+ was about 2 µB,
which exceeded that of the non-magnetic Zn2+ ion.
Displacement of the A-site Zn2+ ions by Cu2+ ions
reduced the net magnetic moment of the B position
and the magnetic loss and weakened the absorbing
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performance. However, the diffusion of some Cu2+

ions to the vacancy of the tetrahedron gap could
drive these ions to the B-site and, thereby, increased
the net magnetic moment of the B position. This
served to enhance the super-exchange effect with
the A position magnetic moment, so as to improve
the saturation magnetization and permeability of
the material, increase its electromagnetic loss, and
improve its absorbing performance. Therefore, dop-
ing within the NZCFO imbued the material with
good microwave absorption performance. On the
other hand, the hollow structure was not conducive
to the formation of large magnetic domains, which
hindered the transmission of magnetism and made
the permeability of the sample slightly smaller than
that of the diatomite/Ni-Zn ferrite.

CONCLUSION

Porous low-density Ni0.55 Zn0.25 Cu0.20 Fe2O4
(NZCFO) was prepared via a sol-gel auto-
combustion method with controlled temperature
and pH values. High purity NZCFO powder, with
porous cavity structure, was prepared by calcinating
the auto-combustion products of xerogels in air at
600–800 °C for 4 h. The density of the resulting
powder is only 2.52 g/cm3, which was about
1/2 of the general ferrite and close to the hollow
ferrite. Absorption tests showed that the NZCFO
had good dielectric properties and low reflectivity
down to −36.3 dB. Therefore, we developed a
novel, efficient microwave absorbing agent with
low-density and good absorbing properties.
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