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ABSTRACT

Rationally designing microwave absorption materials with highly efficient and

tunable bandwidth is in great demand but remains a huge challenge. In this

study, perovskite oxide LaCoO3 thin sheets have been obtained by the

hydrothermal synthesis and subsequent annealing process. Then, cation defi-

ciency is introduced to the A-site of LaCoO3 via a selectively etching strategy by

FeCl3 solution. The phase characteristics, morphologies, structures, and micro-

wave absorption performance of LaCoO3 thin sheets with A-site cation defi-

ciency have been systematically investigated. The results indicate that a

suitable introduction of the A-site cation deficiency is beneficial to induce more

dipole polarization, leading to the enhancement of the microwave absorption

performance. When the amount of FeCl3 is 0.3 g, the LaCoO3 thin sheets

exhibited superior reflection loss characteristics in the range of test frequency.

Exhilaratingly, a minimum reflection loss (RL) value of - 56.9 dB at 15.1 GHz

can be achieved with a thin thickness of 2.0 mm. Meanwhile, a broad effective

absorption bandwidth reaches 5.9 GHz, covering the range of 12.1–18.0 GHz. It

is believed that introducing the A-site cation deficiency of LaCoO3 can be used

as an effective means for tuning microwave absorption.
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Introduction

Recently, electromagnetic (EM) interference has

become the most severe concern in current society

because of the explosive development of information

technology and more unwanted EM irradiations

generate problems of environmental pollution [1–4].

As a crucial functional material, microwave absorp-

tion material can efficiently dissipate EM waves and

successfully transform EM energy to thermal or other

energy, which has been regarded as an effective

solution to solve the EM irradiation problem [5, 6].

Therefore, construction of the EM wave absorbing

materials with high-efficiency, wide absorption fre-

quency range, small thickness, and lightweight have

been actively pursued in practical applications [7–9].

Until now, numerous microwave absorption materi-

als include dielectric materials, magnetic materials,

conductive polymers, and carbonaceous materials

that have been investigated taking into account their

outstanding dielectric and magnetic characteristics

[10–13]. Customarily, multi-component materials

were selected as microwave absorbing materials due

to the single component materials were usually lim-

ited by the impedance mismatch and the narrow

effective absorption bandwidth. Under these cir-

cumstances, much effort has been devoted to

searching for new microwave absorbers. For exam-

ple, Liu et al. constructed ellipsoid-like MgCo2O4/

Co3O4 composites through a facile hydrothermal

method and heat treatment, and they found that the

calcination temperature is crucial for crystalline

structure and microwave absorption performance

[14]. Cui et al. constructed 1D customized heteroge-

neous structure of Fe3N@C that gained a strong

electromagnetic wave response [15]. Wang et al.

activated excellent microwave absorption perfor-

mance via building p-p stacking heterostructure with

small organic molecules [16].

As a kind of important ABO3-perovskite oxides,

LaCoO3 has been attracted widespread attention due

to its high electron mobility and diverse chemical

properties [17–19]. For example, Sun et al. synthe-

sized porous La0.9Co0.8Ni0.2O3-x nanocubes by a facile

hydrothermal method, which was explored to be a

promising bifunctional OER and ORR catalyst for

LiO2 batteries [20]. Liu and co-workers demonstrated

that the treatment of pristine LaCoO3 with Ar plasma

to introduce oxygen vacancies for LaCoO3, which

showed a higher selectivity toward N2 electroreduc-

tion [21]. Thus, inducing deficiency or A-site/B-site

cation substitution in perovskites can be regarded as

an effective means to regulate the crystal structure,

which is beneficial to improve their unique physical

and chemical properties. More importantly, A-site

deficiency can introduce oxygen vacancies to tune the

electronic structure and increase electrical conduc-

tivities in perovskite oxides [22, 23].

Herein, an efficient microwave absorber of LaCoO3

thin sheets with A-site deficiency was synthesized by

FeCl3 post-treatment. In detail, LaCoO3 thin sheets

have been obtained by a hydrothermal reaction and

subsequent annealing process. Then, A-site defi-

ciency was further introduced to LaCoO3 by FeCl3
selectively dissolve La cations, resulting in boosted

microwave absorption properties. To the best of our

knowledge, there is no report regarding introducing

A-site deficiency into LaCoO3 perovskite to enhance

its microwave absorption properties. The LaCoO3

thin sheets with A-site deficiency exhibit a substan-

tially enhanced microwave absorption performance

with the minimum reflection loss (RLmin) of

- 56.9 dB at 15.1 GHz and a 5.9 GHz bandwidth

with RL less than - 10 dB is achieved. In brief, the

proposed A-site deficiency strategy indicates that

dielectric polarization is dominant in determining the

permittivity behaviors in perovskite. This study will

offer new insights for designing highly efficient per-

ovskite applied in the microwave absorption field.

Experimental sections

Materials

The cobalt nitrate hexahydrate (Co(NO3)2�6H2O),

lanthanum nitrate hexahydrate (La(NO3)3�6H2O),

urea (CO(NH2)2), potassium hydroxide (KOH), and

ferric chloride hexahydrate (FeCl3�6H2O) were all

purchased from Shanghai Sinopharm Chemical

Reagents Co., Ltd. All chemical reagents were com-

mercially available and used without any further

purification.

Fabrication of two-dimensional LaCoO3 thin
sheets

In a typical process, 2 mmol La(NO3)3�6H2O, 2 mmol

Co(NO3)2�6H2O and 0.2 g CO(NH2)2 were dissolved
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in 40 mL deionized water under vigorous stirring

until the solution becomes transparent, then 15 mmol

KOH was added to the transparent solution and pink

precipitation is formed immediately. After that, the

mixture was stirred for 2 h and the precipitations

were translated to gray-brown. Then the above

solution was transferred into the 50 mL Teflon-lined

autoclave for hydrothermal treatment at 200 �C for

12 h. Subsequently, the reaction system was naturally

cooled to room temperature, and the precursors were

centrifuged and washed several times with water and

ethanol and then dried at 60 �C for 12 h in a vacuum.

Finally, the as-prepared precursors were calcined at

800 �C for 2 h with a heating rate of 5 �C�min-1 in an

air atmosphere.

Fabrication of A-site cation deficiency
for LaCoO3 thin sheets

Typically, the as-prepared LaCoO3 (0.1 g) were dis-

persed in 20 mL deionized water before injecting the

different amounts of FeCl3, the etching process was

conducted for 2 h under vigorous stirring. The sus-

pension solution was collected by centrifugation,

then washed with deionized water and ethanol, and

dried at 80 �C for 12 h. The final products were

denoted as S1, S2, S3, and S4, corresponding to 0,

0.1 g, 0.3 g, and 0.5 g FeCl3, respectively.

Characterization

The crystal structure and crystallinity of the samples

were characterized by X-ray powder Diffraction

(XRD) with Cu Ka radiation source (40.0 kV, 40.0 mA

k = 1.5406 Å) in the range from 2h = 10� to 70�. The
morphology and structure of the samples were

investigated by field emission scanning electron

microscopy (FESEM, SU8220) and the transmission

electron microscopy (TEM, JEOL JEM-2100). The

element chemical state was recorded on X-ray pho-

toelectron spectroscopy (XPS) AXIS Supra with a

monochromatic X-ray source.

Electromagnetic parameters measurement

Electromagnetic parameters were measured using a

vector network analyzer (VNA, AV629D) in the fre-

quency range of 2–18 GHz. Before the Electromag-

netic parameter test, the samples were uniformly

dispersed in paraffin wax with a mass fraction of 60%

and then compacted into a columnar ring of 7.00 mm

out diameter and 3.04 mm inner diameter. Generally,

the electromagnetic wave absorbing performance of

the samples can be evaluated by the reflection loss

(RL), which can be defined by the following equa-

tions on the basis of transmission line theory [24, 25]:

RL dBð Þ ¼ 20 log Zin � Z0ð Þ= Zin þ Z0ð Þj j ð1Þ

Zin=Z0 ¼
ffiffiffiffiffiffiffiffiffiffi

lr=er
p

tanh j 2pfd=cð Þ ffiffiffiffiffiffiffiffi

lrer
p� �

ð2Þ

where RL is the reflection loss coefficient, Zin is the

input impedance of the absorbers, Z0 is the impe-

dance of free space, c is the velocity of light, f is the

frequency of microwave in free space and d is the

coating thickness. Usually, the absorbers are required

to have RL values less than - 10 dB, which means

90% of the incident electromagnetic wave is absorbed

and the frequency ranges are defined as effective

absorption band (EAB) [26].

Results and discussion

In order to understand the experimental process

more clearly, the fabrication procedure for LaCoO3

thin sheet with A cation deficiency is schematically

depicted in Fig. 1. LaCoO3 precursors are firstly

obtained through a facile hydrothermal method, and

the as-prepared precursors are further converted into

LaCoO3 thin sheets under the air atmosphere at high

temperatures. Then the samples were immersed in a

FeCl3 solution with stirring vigorously. FeCl3 was

selected as the modulation solution for the moderate

acidity of Fe3? to selectively dissolve La elements and

preferentially deposit Fe ions on the corroded

LaCoO3 surface[27]. Due to the continual leaching of

the La3?, the crystalline structure of perovskite col-

lapsed progressively and became amorphous.

XRD is introduced to investigate the crystalline

structures and phase purity of the samples obtained

with different masses of FeCl3 in a 2h range between

10� and 70�, as shown in Fig. 2a. The XRD curve of

the as-prepared S1 presents sharp and strong

diffraction peaks show the LaCoO3 are high-purity

nanocrystal, which could be well indexed to the (012),

(110), (104), (113), (202), (211), (006), (024), (122), (116),

(300), (214), (018), (220) and (208) planes, respectively.

All the diffraction peaks are consistent with the

standard card (JCPDS No 48-0123) of perovskite-

structured LaCoO3 [28]. After etching by FeCl3, there
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was no significant change in the diffraction peaks

(iron oxide) compared with that of LaCoO3. These

results indicate that the crystalline structure of

LaCoO3 remains in its original state after the FeCl3
etch. However, it is clearly seen that the XRD

diffraction peak intensity of the samples decreases

remarkably with the increase of FeCl3 and some weak

diffraction peaks have been covered under the strong

etching condition. Furthermore, the lack of larger

ionic La sited at the A position, the crystal lattice is

partly shrunk. When introducing the La deficiency, it

can be observed that a slight shift in the diffraction

peaks toward higher angles compared to the pristine

LaCoO3 as shown in Fig. 2b and [29].

The morphologies and structure of as-synthesized

samples are characterized by field emission scanning

electron microscopy (FESEM) and transmission elec-

tron microscopy (TEM), as displayed in Fig. 3a–d.

The FESEM image of S1 shows uniform sheet mor-

phology with a thickness of 227 nm. It is clearly seen

that the thin sheets show a collapse tendency along

with the increase of FeCl3. After 0.1 g and 0.3 g FeCl3
etching treatment, a small amount of LaCoO3 thin

sheets has been destroyed into particles. When the

mass of FeCl3 increases to 0.5 g, most of the flakiness

has been destroyed. The morphology of the LaCoO3

precursor obtained by the hydrothermal process is

formed in Fig. S1. Meanwhile, the elemental mapping

was used to confirm the corresponding elemental

distribution for S1 and S3. The La, Co, and O ele-

ments almost spread among the whole test area, as

shown in Fig. 3e–f. And more notably, the Fe element

also demonstrates a homogeneous distribution in S3.

In order to further quantitative analysis of these ele-

ments, the energy-dispersive X-ray spectroscopy

(EDS) is used to verify the distribution of these ele-

ments. The EDS data are shown in Fig. S2. It can be

seen the presence of a small amount of Fe element

after etching condition. But the content of iron ions

did not increase significantly with the adding of

FeCl3, indicating that the iron ions mainly play an

etching role. As shown in Fig. 3g–i, more detailed

Figure 1 Schematic

illustration of the fabrication

process for LaCoO3 thin

sheets with A-site cation

deficiency.

Figure 2 XRD patterns of

a the obtained LaCoO3

samples at different etching

conditions and b partially

enlarged view of picture (a).
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information on the structure of S3 is investigated by

TEM. Figure 3h–i shows the lattice fringes with

interplanar spaces of 0.272 and 0.191 nm, which

correspond to the (110) and (024) planes of LaCoO3

nanocrystals with perovskite structure, respectively.

The surface chemical element composition of the

pristine LaCoO3 (S1) and after etching by 0.3 g FeCl3
(S3) are explored by X-ray photoelectron spec-

troscopy (XPS) in Fig. 4. As displayed in Fig. 4a, the

binding energy (BE) peaks of La 3d are centered at

851.6 and 834.8 eV can be assigned to the La 3d5/2

and 3d3/2, respectively. The satellites peaks at 855.7

and 838.9 eV can be attributed to the shake-up states

of La 3d due to the electron transition from the O

2p valence bands to La 4f orbits [30]. Figure 4b shows

the Co 2p fitting curves, which contains 2p3/2 and

2p1/2 peaks are located at 795 and 779.4 eV [31]. The

BE peaks of Fe 2p are depicted in Fig. S3. It is seen

that the O 1 s XPS spectra of two samples (S1 and S3)

are wide and asymmetric, which can be break up into

three and four kinds of oxygen species, respectively.

As displayed in Fig. 4c, the O1 peak at 533.5 eV is

attributed to the physical or chemical absorber

molecular water. The O2 peak at BE of 530.8 eV

indicated the presence of the surface chemisorbed

oxygen. The relatively strong peak at BE of 528.3 eV

represented the lattice oxygen species, which is

ascribed from the contribution of La–O and Co–O in

the crystal lattice. More importantly, when the cation

deficiency is introduced to the A-site of LaCoO3, the

O3 peak is weakened, and it generates a new peak O4

at binding energy (BE) of 529.2 eV, which indicate the

oxygen vacancies have been produced in the per-

ovskite LaCoO3 thin sheets surface [32], as shown in

Fig. 4d. This phenomenon proves the etching effect of

the FeCl3 solution on the LaCoO3 surface to introduce

oxygen vacancies, which play an important role in

the enhancement of dipoles polarization.

The relative complex permittivity (er = e0 - je‘‘)
and permeability (lr = l0 - jl’’) of the microwave

Figure 3 FSEM images of a S1, b S2, c S3 and d S4; e–f the element mapping for S1 and S3. TEM and HRTEM images of S3 (g–i).
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absorption materials usually play two vitally impor-

tant roles in determining the microwave absorption.

The real part e0 and l0 represent the storage capacity

of electrical and magnetic energy, while the imagi-

nary part e‘‘ and l’’ are related to dissipation (or loss)

of electrical and magnetic energy [33, 34], respec-

tively. In this work, the electromagnetic properties of

the as-prepared samples are investigated in the fre-

quency range of 2–18 GHz, as shown in Fig. 5. The l0

and l‘‘ values of all of the LaCoO3 samples were

nearly close to 1 and 0 (as shown in Fig. S4). It

demonstrates that the microwave absorption perfor-

mance of the LaCoO3 thin sheet with A-site cation

deficiency is mainly attributed to the dielectric loss.

As displayed in Fig. 5a, the four samples exhibit

distinct e0 and the e0 values of all samples decrease as

the frequency increases, which means a typical fre-

quency dispersion behavior. The values of e0 are in

the range of 7.1–4.1, 9.8–5.3, 11.9–6.2, and 10.8–5.4 for

S1, S2, S3, and S4, respectively. And the values of e’’
in Fig. 5b are in the range of 2.5–1.5, 3.8–2.1, 4.1–3.1,

and 3.7–2.4, which correspond to S1, S2, S3, and S4,

respectively. Obviously, the e0 and e‘‘ values of S1

remained a low level with the variation of frequency,

indicating the poorest storage and dissipation capa-

bility. As the increase of Fe3?, the real part of the

permittivity has a tendency to increase first and then

decrease, which indicates that the etching effect of

Fe3? has a favorable adjustment for the dielectric

storage capability of the absorber. As the increase of

Figure 4 The XPS spectra of

La3d (a), Co2p (b), and O1s

regions of S1 and S3(c) (d),

respectively.

Figure 5 Frequency

dependence of the real part (e0)
(a), imaginary part (e’’) (b) of
permittivity.
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Fe3?, the change in the imaginary part of the per-

mittivity over the entire test frequency range is con-

sistent with the real part of the dielectric. But the

imaginary part of the samples has multiple strong

polarization resonance which can attribute to the

interface polarization and dipoles polarization

caused by the defects of oxygen in the test frequency

range[35]. For further evaluating the dielectric loss

strength of all samples, the dielectric tangent loss

(tande = e’’/e0) can be evaluated for the electromag-

netic dissipation. As shown in Fig. S5, the samples of

S4 possess a relatively higher tangent value in the

range of 6.88–18 GHz, indicating the strongest

dielectric loss capability. But, as shown in Fig. 7e and

Fig. 3, the impedance matching and the sheet struc-

ture of S3 is much better than S4, which means that S3

has the most excellent EMW absorption performance.

With the aim to evaluate the microwave absorption

performance of the as-prepared samples, the corre-

sponding three-dimensional and two-dimensional

contour maps of the RL are calculated by the trans-

mission line theory, as described in Fig. 6. Clearly,

the perovskite oxide LaCoO3 thin sheets exhibit the

different performance of microwave absorption at

different etching conditions. As shown in Fig. 6a, the

original LaCoO3 (S1) shows a poor microwave

absorption capability with only a minimum RL of

- 14.9 dB at the thickness of 2.5 mm. Meanwhile,

adjusting the lattice imperfection by Fe3? etching, the

microwave absorption performance of the samples is

significantly enhanced. For the S2, the minimum RL

values reached - 42.2 dB with a thickness of 5.0 mm,

showing high-performance microwave absorption

but the sample is thick, which is not suitable for

practical application (Fig. 6b). Moreover, the S3 has

excellent microwave absorption properties that the

optimum RL is - 56.9 dB at 15.1 GHz, and a wide

EAB of 5.9 GHz can be achieved in the range of

12.1–18.0 GHz, almost covering Ku band at only

2.0 mm, as exhibited in Fig. 6c. However, the further

increase in sample etching conditions leads to a

decrease in microwave absorption performance. The

S4 possesses a minimum RL is - 35.7 dB at 4.88 GHz

with a thickness of 5.0 mm, which is similar to that of

S2, but a narrow EAB of 2.4 GHz (Fig. 6d). In general,

S3 has the characteristics of strong absorption, thin

thickness, and broad bandwidth, which is consistent

with the 2D plots of the RL values (Fig. 6e–h).

Therefore, LaCoO3 thin sheets with A-site cation

deficiency can be controlled optimized, with the

moderate concentration of Fe3? to selectively dissolve

La elements in the perovskite structure, and thus lead

to the boosted of the microwave absorption

performance.

Furthermore, in order to directly compare the

microwave absorption performance of the LaCoO3

thin sheets with A-site cation deficiency, the RLmin

value and the EAB are summarized in Fig. 7. The

microwave absorption performance of the as-ob-

tained S3 outperforms other samples according to the

combination of thickness, broad EAB, and RL, which

can be used as an effective means for tuning micro-

wave absorption.

Generally, the permittivity of materials results

from various kinds of polarization, including inter-

facial polarization, dipolar polarization, electron

polarization, and ionic polarization[36]. However, the

polarization of electrons and ions can be neglected

because they occur in the ultraviolet and infrared

band [37]. Therefore, interface and dipole polariza-

tion should be the main types of polarization in this

case. To further understanding the polarization effect

during the microwave absorption process, the rela-

tionship of e0 and e‘‘ can be elucidated by Debye

theory in the following equation [38, 39]:

ðe0 � es þ e1
2

Þ þ e00ð Þ2¼ es � e1
2

� �2
ð3Þ

where es and e? are static permittivity and permit-

tivity at the infinite frequency, respectively. Hence,

the semicircle in the plots of e0 to e’’ stands for a

Debye relaxation process which is related to polar-

ization in the studied frequency range[40]. As shown

in Fig. 8a–d, all the samples have multiple semicircles

in the plots of e0 to e‘‘, manifesting the presence of

multiple Debye relaxing processes, which is caused

by the interfacial polarization and dipolar polariza-

tion in these samples. This phenomenon further

proves that the multi-dielectric relaxation is beneficial

to enhancing microwaves absorption properties[41].

To deeply understand the dielectric behavior of the

LaCoO3 thin sheets with A-site cation deficiency, the

variation of the complex permittivity of these sam-

ples can be explained in detail. It is worth pointing

out that a long tail is associated with the conduction

loss in the plots of e0 to e’’ [42]. Furthermore, the tail

becomes short as the mass of FeCl3 increased. These

phenomena indicate that the conduction loss may

gradually weaken and the polarization loss is

enhanced because the existence of iron ions remained
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leads to stronger interface polarization. Also, the

etching of iron ions makes the sample have more

defects which play the role of the center of dipoles

polarization, resulting in more dipole polarization.

Therefore, the above results revealed the existence of

three primary factors including dipole polarization,

interfacial polarization, and conduction loss, which

were in favor of the dielectric loss. In the previous

study, dielectric polarization plays a dominant role in

determining the permittivity behaviors in semicon-

ductors due to the limited conductive capability of

semiconductor materials [43]. The polarization and

conduction loss have opposite on the permittivity

behaviors of semiconductors. When this perovskite

material is etched by FeCl3, dielectric loss is mainly

attributed to the polarization effect.

Generally, two indispensable factors should be

taken into consideration while aiming to achieve

Figure 6 Three-dimensional

and two-dimensional RL plots

map of S1 (a, e), S2 (b, f),

S3(c, g), and S4 (d, h).
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outstanding microwave absorption performance. The

first is the normalized characteristic impedance

matching, which is calculated based on Eq. (2). Nor-

mally, a good impedance matching means that elec-

tromagnetic waves could successfully enter the

absorbers. On the contrary, poor impedance match-

ing can lead to strong electromagnetic reflections [33].

Therefore, in order to make a further study for

microwave absorption, the impedance match of all

the samples has been calculated and shown in

Fig. 8e. It can be observed that the impedance match

of S3 is better than the other samples. Good impe-

dance matching for S3 is a precondition to enhance its

absorbing performance. Another important factor is

the attenuation constant, which is calculated based on

the following equation [6, 44]:

a ¼
ffiffiffi

2
p

pf
c

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

ðl00e00 � l0e0Þ þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

l00e00 � l0e0ð Þ2 l00e0 � l0e00ð Þ2
q

r

ð4Þ

In general, attenuation constant is used to qualify

the electromagnetic energy attenuation ability of

absorbers. As shown in Fig. 8f, it is obvious that S3

possessed remarkable attenuation capability in the

whole frequency range. The result is consistent with

the RL and impedance matching analysis, further

confirming the superior microwave absorption per-

formance of S3. The microwave absorption properties

of other perovskite oxides have been compared with

Figure 7 RLmin values

(a) and EAB (b) of as-

prepared LaCoO3 at different

thicknesses.

Figure 8 Frequency dependences of a real b imaginary parts of complex permittivity for S1–S4; e the normalized input impedance of the

samples at the thickness of 2.0 mm. f the attenuation constant of the samples.
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LaCoO3 thin sheets in this work summarized in

Fig. 9. In this work, the RLmin value of - 56.9 dB at

15.1 GHz can be achieved and a broad effective

absorption bandwidth that reaches 5.9 GHz is com-

parable or even better than those of perovskite oxide

absorbers.

According to the analysis above, the corresponding

microwave absorption mechanism of LaCoO3 thin

sheet A-site cation deficiency is illustrated in Fig. 10.

First, when the electromagnetic waves are transmit-

ted to the sample, the electromagnetic waves can be

reflected back and forth between the LaCoO3 thin

sheets, leading to multiple reflections and attenua-

tion. Second, polarization loss plays an important

role in the system. Introducing the La defects suitably

can induce more dipoles, which can give rise to

dipole polarization and relaxation, leading to more

dielectric loss. Third, the optimum impedance match

characteristic allowed more electromagnetic waves to

enter the microwave absorption materials, which is

the basis for obtaining an excellent microwave

absorption performance.

Conclusions

In summary, the LaCoO3 thin sheets with A-site

cation deficiency have been successfully obtained by

a selectively etching strategy. Importantly, adjusting

the amount of FeCl3 to control over introduces the A-

site cation deficiency, the LaCoO3 thin sheets exhibit

excellent microwave absorption performance. The

LaCoO3 thin sheets with A-site cation deficiency

possess an optimum microwave absorption perfor-

mance with a thin thickness of 2.0 mm. A minimum

reflection loss (RL) value of - 56.9 dB at 15.1 GHz

can be achieved and a broad effective absorption

bandwidth reaches 5.9 GHz, covering the range of

12.1–18.0 GHz. The excellent microwave absorption

performance is attributed to the multiple scattering,

interface polarization in the thin sheets, and the

dipole polarization which is induced by the A-site

cation deficiency. Therefore, the microwave absorp-

tion performance can be effectively improved when

the A-site cation deficiency is introduced in LaCoO3

thin sheets. It is expected that the LaCoO3 thin sheets

Figure 9 The comparison of

microwave absorption

between this work and other

perovskite oxide absorbers.

Figure 10 Schematic illustration of the microwave absorption mechanism for LaCoO3 thin sheet A-site cation deficiency.
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with A-site cation deficiency could be used to design

efficient microwave absorption materials.
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