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Lanthanum and Neodymium 
Doped Barium Ferrite-TiO2/
MCNTs/poly(3-methyl thiophene) 
Composites with Nest Structures: 
Preparation, Characterization 
and Electromagnetic Microwave 
Absorption Properties
Jie Zhao1,*, Jian Yu1,*, Yu Xie1,2, Zhanggao Le4, Xiaowei Hong1, Suqin Ci1,2, Junhong Chen2, 
Xiaoyan Qing1, Weijie Xie1 & Zhenhai Wen1,2,3

We report herein the synthesis of a novel nest structured electromagnetic composite through in-situ 
chemical polymerization of 3-methyl thiophene (3MT) in the presence of the BaFe11.92(LaNd)0.04O19-TiO2 
(BFTO) nanoparticles and MCNTs. As an absorbing material, the BFTO/MCNTs/P3MT/wax composites 
were prepared at various loadings of BFTO/MCNTs/P3MT (0.2:0.10:1.0 ~ 0.2:0.30:1.0), and they 
exhibited strong microwave absorption properties in the range of 1.0–18 GHz. When the loading of 
BFTO/MCNTs/P3MT is 0.2:0.30:1.0, the composite has a strongest absorbing peak at 11.04 GHz, and 
achieves a maximum absorbing value of −21.56 dB. The absorbing peak position moves to higher 
frequencies with the increase of MCNTs content. The mechanism for microwave absorption of these 
composites has been explained in detail.

In recent years, microwave absorbing materials have received great attention because their potential application in 
the field of electromagnetic shielding. Nevertheless, the microwave absorbing materials still have many shortcom-
ings, such as skin effect, easy oxidation, poor heat stability and narrow absorption frequency1–8. Therefore, novel 
microwave absorbing materials with high-performance are highly desirable for the scientific and technological 
development and the microwave absorption field. Unfortunately, one single material normally cannot meet the 
requirements of strong and wide bandwidth absorption. Consequently, the composites are promising to become 
the future microwave absorbing material because they can hold the advantages of each building block unit while 
making up for each other’s shortcomings. For these reasons, the composites will play an important role in break-
ing the “bottleneck” for developing high-performance microwave absorbing materials.

Recently, extensive studies have shown doping rare earth in some conventional microwave absorbing material 
can significantly promote the ferrite magnetic anisotropy field, improve coercivity and enhance ferrite electro-
magnetic properties, thereby increasing the magnetic hysteresis loss in the alternating electromagnetic field9. 
Beside this, the doped rare earth ions with larger radiuses can induce the lattice distortion with improving the 
dielectric loss10. In addition, it was widely reported that conductive polymers of polythiophene (PTh) and its 
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derivatives have good dielectric properties and strong dielectric loss capacity11–13; such property can compensate 
for the insufficient dielectric loss of ferrite and improve the ferrite microwave absorbing properties. Furthermore, 
multiwall carbon nanotubes (MCNTs) also possess good dielectric loss ability with advantages of small size, 
quantum effects, microwave absorption properties and so on14–20. It is envisaged that MCNTs conjugating with 
PTh through π -π  can improve the electrical conductivity and enhance the dielectric loss. In this way, the intro-
duction of the MCNTs may be beneficial to adjusting the composite’s microwave absorption property. As is well 
known, barium ferrite possesses chemical stability, high permeability and relatively smaller dielectric constant; 
these properties benefit for the impedance matching and microwave absorption9. However, the barium ferrite has 
defects of the high density and narrow microwave absorption bandwidth.

Bearing these points in mind, we herein reported the integration of barium ferrite, rare earth metal, TiO2, 
MCNTs and poly(3-methyl thiophene) (P3MT) in a composites system, i.e., BaFe11.92(LaNd)0.04O19-TiO2/MCNTs/
P3MT (BFTO/MCNTs/P3MT), targeting to develop a promising microwave absorption material.

Experiment
Materials. MCNTs were purchased from Beijing DK nano technology Co. Ltd. 3-methyl thiophene (3MT, 
C5H6S), HCl, (NH4)2S2O8 (APS), Ba(NO3)2, La(NO3)3·9H2O, Nd(NO3)3·5H2O, Fe(NO3)3·9H2O, citric acid 
(C6H8O7·H2O), ethylene glycol (C2H6O2), tetrabutyl titanate (C16H36O4Ti) and NH3·H2O are all analytical rea-
gent grade.

Purification of MCNTs. MCNTs were added in a concentrated nitric acid and refluxed at 90 °C for 5 h. After 
that, the suspension was filtered. Then, the black solids were firstly washed with 0.1 mol/L HCl and then with 
deionized water, respectively. Finally, the purified MCNTs powder were obtained under vacuum at 50 °C for 24 h.

Preparation of the BaFe11.92(LaNd)0.04O19-TiO2 (BFTO) composites. The BFTO composites were 
prepared according to our previous reports20,21. The BaFe11.92(LaNd)0.04O19 wet gel and the TiO2 gel were mixed 
in the mass ratio of 3:5.

Preparation of the BFTO/MCNTs/P3MT composites. The BFTO/MCNTs/P3MT composites were pre-
pared by the method that we reported20. The mass ratio of BFTO, MCNTs, and 3MT monomers were 0.2:0.10:1.0, 
0.2:0.15:1.0, 0.2:0.20:1.0, 0.2:0.25:1.0, and 0.2:0.30:1.0, respectively. For convenience, the composite is named 
according to the mass ratio of each unit. For instance, when the composite has a mass ratio of 0.2:0.10:1.0 for 
BFTO, MCNTs, and 3MT monomers, the composites was named as BFTO/MCNTs/P3MT (0.2:0.10:1.0).

Characterization and electromagnetic properties measurement. The morphology, structure and 
properties of samples were characterized by various techniques. Fourier transform infrared (FTIR) spectra were 
carried out using Nicolet 5700 FTIR with a KBr method. X-ray diffraction (XRD) patterns of the samples were 
characterized using a Philps-pw3040/60 diffractometer with Cu Kα  radiation (λ  =  0.15418 nm). Differential 
thermal analysis-thermo gravimetry (DTA-TG) analysis was performed at a heating rate of 10 °C in nitrogen 
on SDTQ 600. The morphology and particle sizes of the samples were characterized by a Hitachi H-800 scan-
ning electron microscope (SEM) and a JEOL JEM-1200EXII transmission electron microscope (TEM). Vector 
Network Analyzer (HP-8722ES) was used to get S-parameters for the samples of composites in the range of 
1–18 GHz at room temperature. The values of complex permittivity (ε ) and permeability (μ ) of the composite 
materials were calculated from the measured values of S-parameters. The reflection loss of the single layer sample 
was calculated using the measured electromagnetic parameters.

Results and Discussion
Polymerization. Figure 1 illustrates the preparation process of the BFTO/MCNTs/P3MT composites. Firstly, 
MCNTs are refluxed in concentrated HNO3 solution at 90 °C for 5 h to remove the residues of metal catalysts; such 
treatment could produce a large number of carboxylic groups on the surface of MCNTs that benefit for absorb-
ing the BFTO nanoparticles. Then, Cl− is absorbed onto the surface of BFTO nanoparticles by the electrostatic 
attraction. 3MT monomers are attracted by Cl− through the electrostatic effect and uniformly distributed over the 
surface of MCNTs through п-п stacking. Finally, the target products with a nest structures are obtained by in-situ 
chemical polymerization of 3MT with the (NH4)2S2O8 as an initiator.

XRD analysis. The diffraction patterns of the samples are presented in Fig. 2. Figure 2a shows the charac-
teristic diffraction peaks of the BFTO. The peaks at 2θ  =  25.2°, 33.6° and 36.1° are ascribed to the characteristic 
diffraction peaks of BaFe11.92(LaNd)0.04O19

20,21. And the peaks at 2θ  =  17.9°, 25.5° and 33.6° are attributed to the 
characteristic diffraction peaks of TiO2

22. The typical XRD pattern of P3MT (Fig. 2c) presents two broad diffrac-
tion peaks centered at 2θ  =  14.5° and 26.5° with shift slightly23, which can be ascribed to the intermolecular π -π  
stacking emerges. Figure 2(b) shows the XRD pattern of the BFTO/MCNTs/P3MT composites, which contains 
the characteristic diffraction peaks of BFTO, MCNTs and P3MT. It should be noted that the intensity of char-
acteristic diffraction peaks of P3MT in the composites is weaker compared to the pristine P3MT, which can be 
attributed to the interactions among BFTO, MCNTs and P3MT and the nest structures of the composites.

FTIR analysis. Figure 3 shows the FTIR spectra of BFTO, BFTO/MCNTs/P3MT and P3MT, respectively. 
For P3MT (Fig. 3a), two peaks in the range of 2750–3000 cm−1 are attributed to the characteristic C-H stretching 
vibrations and the peak at 1640 cm−1 is assigned to C =  C stretching vibrations. The peak at 784 cm−1 is assigned 
to the C-H out-of-plane vibrations of the 2, 5-substituted thiophene ring created by the polymerization of thi-
ophene monomers. The peak at around 692 cm−1 denotes the C-S stretch in the thiophene ring24. For BFTO 
(Fig. 3c), the peaks at 596 and 440 cm−1 are attributed to the characteristic Fe-O and Ti-O stretching vibration 
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band, respectively22. Figure 3b shows the BFTO/MCNTs/P3MT FTIR spectra, which is almost identical to that of 
P3MT. However, to some extent, the spectra of the P3MT in the composites appear slightly blue shift. In addition, 
the intensity of the peak at 696.5 cm−1 becomes weaker compared with Fig. 3c. The peaks at 1112.5 cm−1 and 
1627.4 cm−1 are attributed to the MCNTs’ characteristic absorption peaks with slightly blue shift compared to the 
literature25, suggesting that the BFTO and MCNTs are well coated by P3MT chains. Because there exists some 
interactions among them in the composites, which decreases the electron density and reduces the atomic force 
constant. These above results confirm that composites are composed of the P3MT, BFTO and MCNTs.

DTA-TG analysis. DTA-TG analysis of BFTO/MCNTs/P3MT and P3MT and are shown in Fig. 4. The weight 
loss of the two samples can be divided into three stages. For the P3MT (Fig. 4a), the first stage is assigned to the 
loss of water and other volatiles at lower temperature (lower than 110 °C). The second stage above 197 °C can be 
attributed to the thermal degradation of the P3MT chains and volatilization of the oligomer. The third stage of 

Figure 1. Schematic of the BFTO/MCNTs/P3MT composites. 

Figure 2. XRD patterns of (a) BFTO, (b) BFTO/MCNTs/P3MT, (c) P3MT.
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P3MT is starting at 500 °C. The TG curve (Fig. 4b) indicates that the decomposition temperature of the BFTO/
MCNTs/P3MT composites is about at 300 °C, higher than that of pure P3MT. The third weight loss of the com-
posites starts at 610 °C, indicating that the stability of the composites is better than that of P3MT. The improved 
stability may be resulted by the interactions among the P3MT, BFTO and MCNTs or the nest structures of the 
BFTO/MCNTs/P3MT composites.

Morphology analysis. The SEM images of P3MT and BFTO/MCNTs/P3MT composites are shown in 
Fig. 5a. It can be seen that lots of bending long tubes agglomerated densely were coated by P3MT. And the 

Figure 3. FTIR spectra of P3MT (a), BFTO/MCNTs/P3MT (b) and BFTO (c).

Figure 4. DTA-TG analysis of (a) P3MT and (b) BFTO/MCNTs/P3MT.

Figure 5. SEM (a) and TEM (b) images of BFTO/MCNTs/P3MT.
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composites have an irregular and similar nest structure. The introduction of hydrochloride can increase the polar-
ity of P3MT, resulting in the increase of intermolecular force.

Figure 5b shows the TEM images of BFTO/MCNTs/P3MT. There is a typical tube morphology of MCNTs 
which are conjugated with BFTO nanoparticles. In addition, both MCNTs and BFTO nanoparticles are coated 
by P3MT. Electronic diffraction pattern indicates that the black core is BFTO, because only BFTO composite 
is crystal material in the BFTO/MCNTs/P3MT composites. BFTO is absorbed onto the surface of the MCNTs. 
These results confirm that the composites are composed of polycrystalline BFTO, MCNTs and P3MT, being in 
accordance with the results of FIRT and XRD analysis.

Electromagnetic parameter analysis. To investigate the electromagnetic wave absorption properties of 
the BFTO/MCNTs/P3MT, various contents of the as-prepared powder was mixed with wax (the mass ratio is 
7:3) to form the BFTO/MCNTs/P3MT/wax composites by a hot press process. Figure 6a–d shows the real and 
imaginary parts of the complex permittivity and permeability measured for the composites with different mass 
ratio of the BFTO/MCNTs/P3MT in the range of 1.0–18 GHz. As shown in Fig. 6a,b, the real (ε ′ ) and imaginary 
(ε ″ ) parts of the permittivity obviously reduce first, then slightly increase and then decrease with the increase 
of MCNTs content. The ε ′  value of above the BFTO/MCNTs/P3MT/wax decreases with increasing frequency 
in the range of 1.0–18 GHz. However, the changes of ε ″  values were very complicated with the different con-
tents of MCNTs in the composites. The ε ″  values of the composites (with a loading of the BFTO/MCNTs/P3MT 

Figure 6. The ε ′  (a), ε ″  (b), μ ′  (c), μ ″  (d), tgδ ε (e) and tgδ μ (f) of the BFTO/MCNTs/P3MT/wax composites 
with different BFTO/MCNTs/P3MT loading.
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(0.2:0.15:1.0 ~ 0.2:0.30:1.0) decrease first, then increase slightly. However, for the loading of BFTO/MCNTs/
P3MT (0.2:0.10:1.0), the ε ″  increases first, then decreases. The ε ′  and ε ″  values of the composite (with a load-
ing of the BFTO/MCNTs/P3MT (0.2:0.30:1.0)) decrease from 18.76 (maximum) to 11.15 (minimum) and 10.75 
(maximum) to 4.84 (minimum) respectively in the frequency range of 1.0–18 GHz. However, when the BFTO/
MCNTs/P3MT is 0.2:0.10:1.0, the ε ′  and ε ″  values decreases from 177.78 (maximum) to 20.70 (minimum) and 
98.17 (maximum) to 46.91 (minimum) respectively. The ε ′  (177.78) and ε ″  (98.17) values are higher than those 
of other reports26, it indicates that the introduction of MCNTs into the BFTO/MCNTs/P3MT composite can 
greatly enhance the dielectric constant. The enhanced dielectric constant can be attributed to the excellent die-
lectric properties of MCNTs and the synergistic effects between different components in the composites, which 
is consistent with the results of other studies for MCNTs27 and Fe3O4-MCNTs28. With the increase of MCNTs 
content, the ε ′  and ε ″  values of the other composites were lower than those of the composite with a loading of 
0.2:0.10:1.0. This can be explained by the percolation theory29. It is well-known that percolation behaviour corre-
sponds to a phase transition from a conducting state to an insulator state for the composites around the percola-
tion points. The lower values of the ε ′  and ε ″  for those composites (with a loading of the BFTO/MCNTs/P3MT 
(0.2:0.15:1.0 ~ 0.2:0.30:1.0) can also keep relatively high level (26.22 ~ 10.75; 13.88 ~ 4.84) than other reports30. 
As we known, the real part of permittivity is an expression of the polarizability of a material, which consists of 
dipolar polarization and electric polarization at microwave31. The relatively high real part of the permittivity 
can be explained by the fact that the conducting MCNTs may increase the electric polarization of the sample 
compared to that of the Fe3O4-Polyanine32. The dielectric loss angle tangent (tanδ ε =  ε ″ /ε ′ ) was also calculated as 
shown in Fig. 6e. The values of dielectric loss tangent for the composites (with a loading of the BFTO/MCNTs/
P3MT (0.2:0.15:1.0 ~ 0.2:0.30:1.0) fluctuate between 0.37 and 0.77. When the loading of BFTO/MCNTs/P3MT is 
0.2:0.10:1.0, the value of dielectric loss tangent is as high as 2.32. According to the electromagnetic theory, such 
high dielectric loss results from the naturally physical properties and unique structures of the composites. First, 
the existence of residual defects in MCNTs and dangling band atoms and unsaturated coordination on the surface 
of the BFTO/MCNTs/P3MT hybrids is in favor of the electromagnetic energy absorption33,34. Second, the inter-
faces polarizations of BFTO/MCNTs, BFTO/P3MT, MCNTs/P3MT, BFTO/wax, MCNTs/wax and P3MT/wax 
account for relaxation process with respect to a changing electric field in a dielectric medium35.

Figure 6c,d show the real part (μ ′ ) and imaginary part (μ ″ ) of the permeability of the composites. The μ ′  
values of all the composites fluctuate between 0.84 and 1.05 in the frequency of 1.0–18 GHz. And the μ ″  values 
of permeability, as shown in Fig. 6d, mainly fluctuate between 0.88 and 1.05 in the frequency of 1.0–18 GHz. 
Compared with higher complex permittivity, the complex permeability of the BFTO/MCNTs/P3MT/wax is very 
lower. It indicates that the magnetic loss contribution from BFTO/MCNTs/P3MT to microwave absorption is 
minor. The magnetic loss angle tangent (tanδ μ =  μ ″ /μ ′ ) was been calculated and shown in Fig. 6f. The values of 
the magnetic tangent loss show very small fluctuation between 0.01 and 0.24. In addition, for all the composites 
with different loading of BFTO/MCNTs/P3MT, the dielectric loss tangent (tanδ ε) is larger than the magnetic loss 
tangent (tanδ μ). Thus, for every composites, the dielectric loss is the main contribution for microwave absorption.

Microwave absorption properties. To reveal the microwave absorption properties of the BFTO/MCNTs/
P3MT/wax composites, the reflection loss (RL) values were calculated according to the transmission line theory 
by the following equations36,37

( ) = ( − )/( + ) ( )R dB 20log Z 1 Z 1 1L 10 in in

= (µ /ε ) (( )/ )(µ ε ) ( )
/ /пh jZ tan [ 2 fd c ] 2in r r

1 2
r r

1 2

where ε r and μ r are the complex permittivity and permeability, respectively; RL is a ratio of reflected power to 
incident power in dB, Zin is the input impedance of absorber, d is the thickness of the absorber, c is the velocity of 
light, f is the frequency of microwave.

Figure 7a–e show the theoretical RL of the BFTO/MCNTs/P3MT/wax composites with different thickness 
(2.0–5.0 mm) in the range of 1.0–18 GHz with the BFTO/MCNTs/P3MT loading of 0.2:0.10:1.0 ~ 0.2:0.30:1.0. It 
can be seen that the microwave absorption properties and the RL peak can be tuned by controlling the thickness 
of the absorbers. For the BFTO/MCNTs/P3MT/wax composites with a loading of 0.2:0.30:1.0, there is a stronger 
peak (− 21.56 dB at 11.04 GHz), when the absorbers with a thickness of 2.0 mm. The peaks of other compos-
ites with different BFTO/MCNTs/P3MT loading are at frequency of 1.16 GHz (− 3.49 dB, 0.2:0.10:1.0), 9.51 GHz 
(− 18.11 dB, 0.2:0.15:1.0), 7.28 GHz (− 18.11 dB, 0.2:0.20:1.0) and 6.98 GHz (− 13.17 dB, 0.2:0.25:1.0), respectively. 
Compared with Fig. 6, we can find that the lower concentration of MCNTs in BFTO/MCNTs/P3MT exhibits 
higher dielectric loss and results in a worse reflection. When the MCNTs content ratio increase from 0.10–0.30, 
the dielectric loss of composites decreases inversely and possesses better reflection, which may be explained by 
the percolation theory29. The percolation behavior of composites corresponds to a phase transition from an con-
ducting state to an insulator state around the percolation point. In our BFTO/MCNTs/P3MT/wax composites 
with 0.2:0.10:1.0, the MCNTs network enhances the electrical conductivity of the composite and this leads to a 
high leakage current, which may cause damage to the microwave absorption of materials38. In addition, imped-
ance match characteristic is an important concept for the microwave absorption. High permittivity of absorber is 
harmful to the impedance match and results in weak absorption33.

Figure 7f shows the theoretical RL of the composites with different BFTO/MCNTs/P3MT loading in the fre-
quency range of 1.0–18 GHz at a thickness of 2.0 mm. It can be seen that the loading of BFTO/MCNTs/P3MT 
have a great influence on the microwave absorbing properties and the minimum RL corresponding to the maxi-
mum absorptions gradually appeared in different frequency shifts toward to higher frequency with the increase 



www.nature.com/scientificreports/

7Scientific RepoRts | 6:20496 | DOI: 10.1038/srep20496

of MCNTs contents. When the loading of the BFTO/MCNTs/P3MT is 0.1:0.30:1.0, the minimum RL can be 
achieved to − 21.56 dB at 11.04 GHz, and the bandwidth of RL less than − 10 dB can reach up to 3.25 GHz (from 
9.50–12.75 GHz). This relatively winder bandwidth may be ascribed to the unique interfaces among BFTO, 
MCNTs and P3MT, as well as the excellent dielectric properties of MCNTs and P3MT. In addition, the inorganic/
organic interfaces between BFTO/MCNTs/P3MT and wax, the synergistic effect between different components 
in the BFTO/MCNTs/P3MT/wax composites may also be important factors for enhanced microwave absorption 
performance. It can be obviously observed that the reflectivity peak position moves to higher frequency and 
the microwave absorption property becomes stronger with the increase of the MCNTs contents loading. These 
results indicate that the absorption peak positions and frequency ranges (minimum RL less than − 10 dB) can be 
manipulated easily by adjusting the MCNTs concentrations in the BFTO/MCNTs/P3MT, and thus a broadband 
absorption can be designed using a multilayered absorbing structure.

Conclusion
The BFTO/MCNTs/P3MT composites have been prepared by in situ polymerization of P3MT in the presence 
of BFTO and MCNTs. The electromagnetic and microwave absorption properties of the BFTO/MCNTs/P3MT/

Figure 7. Microwave reflection loss (RL) curves of the BFTO/MCNTs/P3MT composites of (a) 0.2:0.10:1.0,  
(b) 0.2:0.15:1.0, (c) 0.2:0.20:1.0, (d) 0.2:0.25:1.0, (e) 0.2:0.30:1.0 with different thicknesses in the frequency 
range of 1.0–18.0 GHz; (f) Microwave reflection loss (RL) curves of the BFTO/MCNTs/P3MT composites with a 
thickness of 2.0 mm in the frequency range of 1.0–18.0 GHz.
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wax composites with different MCNTs loading have been investigated. With different MCNTs content loading, 
there is a percolation phenomenon for dielectric loss. The higher MCNTs concentration leads to a lower dielectric 
loss. When the BFTO/MCNTs/P3MT is 0.2:0.30:1.0, the composite shows the best microwave absorption with 
− 21.56 dB at 11.04 GHz. For all the composites, the main contribution for the microwave absorption comes from 
the dielectric loss rather than the magnetic loss. Considering the absorption peak could be easily adjusted by 
changing the MCNTs concentration, these composite materials possess a great potential application for broad 
bandwidth microwave absorption.

References
1. Shams, M. H., Salehi, S. M. A. & Ghasemi, A. Electromagnetic wave absorption characteristics of Mg-Ti substituted Ba-hexaferrite. 

Mater. Lett. 62, 1731–1733 (2008).
2. Khedr, M. H., Bahgat, M. & Abdel-Moaty, S. A. Catalytic decomposition of acetylene over CoFe2O4/BaFe12O19 core shell 

nanoparticles for the production of carbon nanotubes. J. Anal. Appl. Pyrol. 84, 117–123 (2009).
3. Xu, P., Han, X., Zhao, H., Liang, Z. & Wang, J. Effect of stoichiometry on the phase formation and magnetic properties of BaFe12O19 

nanoparticles by reverse micelle technique. Mater. Lett. 62, 1305–1308 (2008).
4. Yang, C. C., Gung, Y. J., Hung, W. C., Ting, T. H. & Wu, K. H. Infrared and microwave absorbing properties of BaTiO3/polyaniline 

and BaFe12O19/polyaniline composites. Compos. Sci. Technol. 70, 466–471 (2010).
5. Ting, T. H. & Wu, K. H. Synthesis, characterization of polyaniline/BaFe12O19 composites with microwave-absorbing properties. J. 

Magn. Magn. Mater. 322, 2160–2166 (2010).
6. Wang, Y., Huang, Y., Wang, Q., He, Q. & Chen, L. Preparation and electromagnetic properties of Polyaniline (polypyrrole)-

BaFe12O19/Ni0.8Zn0.2Fe2O4 ferrite nanocomposites. Appl. Surf. Sci. 259, 486–493 (2012).
7. Li, Q. L., Zhang, C. R., Wang, Y. X. & Li, B. D. Preparation and characterization of flake-like polypyrrole/SrFe12O19 composites with 

different surface active agents. Synthetic. Met. 159, 2029–2033 (2009).
8. Roy, D., Shivakumara, C. & Kumar, P. S. A. Observation of the exchange spring behavior in hard–soft-ferrite nanocomposite. J. 

Magn. Magn. Mater. 321, L11–L14 (2009).
9. Sun, C., Sun, K. N. & Chui, P. F. Microwave absorption properties of Ce-substituted M-type barium ferrite. J. Magn. Magn. Mater. 

324, 802–805 (2012).
10. Ghasemi, A., Hossienpour, A., Morisako, A., Liu, X. & Ashrafizadeh, A. Investigation of the microwave absorptive behavior of doped 

barium ferrites. Mater. Design. 29, 112–117 (2008).
11. Hosseini, S. H., Moghimi, A. & Moloudi, M. Magnetic, conductive, and microwave absorption properties of polythiophene 

nanofibers layered on MnFe2O4/Fe3O4 core–shell structures. Mat. Sci. Semicon. Proc. 24, 272–277 (2014).
12. Xie, Y. et al. Preparation and electromagnetic properties of La-doped barium-ferrite/polythiophene composites. Synthetic. Met. 162, 

1643–1647 (2012).
13. Sen, P. & De, A. Electrochemical performances of poly (3, 4-ethylenedioxythiophene)–NiFe2O4 nanocomposite as electrode for 

supercapacitor. Electrochim. Acta. 55, 4677–4684 (2010).
14. Sahoo, N. G., Rana, S., Cho, J. W., Li, L. & Chan, S. H. Polymer nanocomposites based on functionalized carbon nanotubes. Prog. 

Polym. Sci. 35, 837–867 (2010).
15. Spitalsky, Z., Tasis, D., Papagelis, K. & Galiotis, C. Carbon nanotube–polymer composites: chemistry, processing, mechanical and 

electrical properties. Prog. Polym. Sci. 35, 357–401 (2010).
16. Popov, V. N. Carbon nanotubes: properties and application. Mat. Sci. Eng. R. 43, 61–102 (2004).
17. Coleman, J. N., Khan, U., Blau, W. J. & Gun’ko, Y. K. Small but strong: a review of the mechanical properties of carbon 

nanotube–polymer composites. Carbon. 44, 1624–1652 (2006).
18. Li, C., Thostenson, E. T. & Chou, T. W. Effect of nanotube waviness on the electrical conductivity of carbon nanotube-based 

composites. Compos. Sci. Technol. 68, 1445–1452 (2008).
19. Rahmat, M. & Hubert, P. Carbon nanotube–polymer interactions in nanocomposites: a review.Compos. Sci. Technol. 72, 72–84 

(2011).
20. Xie, Y. et al. Preparation and magnetic properties of poly(3-octyl-thiophene)/BaFe11.92(LaNd)0.04O19-titanium dioxide/multiwalled 

carbon nanotubes nanocomposites. Compos. Sci. Technol. 77, 8–13 (2013).
21. Xie, Y. et al. Synthesis and electromagnetic properties of BaFe11.92(LaNd)0.04O19/titanium dioxide composites. Mater. Res. Bull. 50, 

483–489 (2014).
22. Wang, J. S., Li, H., Li, H. Y., Zuo, C. & Wang, H. Thermal stability and optimal photoinduced hydrophilicity of mesoporous TiO2 thin 

films. J. Phys. Chem. C. 116, 9517–9525 (2012).
23. Li, Y., Vamvounis, G. & Holdcroft, S. Tuning optical properties and enhancing solid-state emission of poly(thiophene)s by molecular 

control: a postfunctionalization approach. Macromolecules. 35, 6900–6906 (2002).
24. Karim, M. R., Lee, C. J. & Lee, M. S. Synthesis and characterization of conducting polythiophene/carbon nanotubes composites. J. 

Polym. Sci. Pol. Chem. 44, 5283–5290 (2006).
25. Li, J. & Zhang, Y. Cutting of multi walled carbon nanotubes. Appl. Surf. Sci. 252, 2944–2948 (2006).
26. Im, J. S., Kim, J. G., Lee, S. H. & Lee, Y. S. Effective electromagnetic interference shielding by electrospun carbon fibers involving 

Fe2O3/BaTiO3/MWCNT additives. Mater. Chem. Phys. 124, 434–438 (2010).
27. Zhou, X. B. et al. Microwave sintering carbon nanotube/Ni0.5Zn0.5Fe2O4 composites and their electromagnetic performance. J. Eur. 

Ceram. Soc. 33, 2119–2126 (2013).
28. Zhan, Y. Q. et al. Preparation, characterization and electromagnetic properties of carbon nanotubes/Fe3O4 inorganic hybrid 

material. Appl. Surf. Sci. 257, 4524–4528 (2011).
29. Liu, H. et al. Carbon nanotube array/polymercore/shell structured composites with high dielectric permittivity,low dielectric loss, 

and large energy density. Adv. Mater. 23(43), 5104–5108 (2011).
30. Zhao, C. Y., Zhang, A. B., Zheng, Y. P. & Luan, J. F. Electromagnetic and microwave-absorbing properties of magnetite decorated 

multiwalled carbon nanotubes prepared with poly(N-vinyl-2-pyrrolidone). Mater. Res. Bull., 47, 217–221 (2012).
31. Xu, H. L., Bi, H., & Yang, R. B. Enhanced microwave absorption property of bowl-like Fe3O4 hollow spheres/reduced graphene oxide 

composites. J. Appl. Phys. 111(7), 07A522 (2012).
32. Sun, L. B. et al. Microemulsion synthesis and electromagnetic wave absorption properties of monodispersed Fe3O4/polyaniline core-

shell nanocomposites. Synthetic. Met. 187, 102–107 (2014).
33. Wang, C. et al. The electromagnetic property of chemically reduced graphene oxide and its application as microwave absorbing 

material. Appl. Phys. Lett. 98(7), 072906 (2011).
34. Chen. D. et al. Controllable fabrication of mono-dispersed RGO–hematite nanocomposites and their enhanced wave absorption 

properties. J. Mater. Chem. A. 1(19), 5996 (2013).
35. Wang, G. S. et al. Fabrication of reduced graphene oxide (RGO)/Co3O4 nanohybrid particles and a RGO/Co3O4/poly(vinylidene 

fluoride) composite with enhanced wave-absorption properties. Chem. Plus. Chem. 79(3), 375–381 (2014).
36. Liu, J. R., Itoh, M. & Machida, K. Electromagnetic wave absorption properties of α -Fe/Fe3B/Y2O3 nanocomposites in gigahertz 

range. Appl. Phys. Lett. 83, 4017–4019 (2003).



www.nature.com/scientificreports/

9Scientific RepoRts | 6:20496 | DOI: 10.1038/srep20496

37. Mu, G., Chen, N., Pan, X., Shen, X. & Gu, M. Preparation and microwave absorption properties of barium ferrite nanorods. Mater. 
Lett. 62, 840–842 (2008).

38. Zhang, X. J., Wang, G. S., Wei, Y. Z., Guo, L. & Cao, M. S. Polymer-composite with high dielectric constant and enhanced absorption 
properties based on graphene–CuS nanocomposites and polyvinylidene fluoride. J. Mater. Chem. A. 1(39), 12115–12122 (2013).

Acknowledgements
This work was financially supported by the National Natural Science Foundation of China (No. 20904019, 
51273089), the Aviation Science Fund (No. 2011ZF56015, 2013ZF56025), Natural Science Foundation of 
Jiangxi Province (No. 20132BAB203018), Key Laboratory of Photochemical Conversion and Optoelectronic 
Materials, TIPC, CSA (No. PCOM201228, PCOM201401), Jiangxi Province Education Department of Science 
and Technology Project (No. GJJ13491), Jiangxi Province Youth Scientists Cultivating Object Program (No. 
20112BCB23017) and the Postgraduate Innovation Fund of Jiangxi Province (No. YC2013-S212).

Author Contributions
J.Z. and J.Y. wrote the main manuscript text. Y.X., Z.W. and J.C. designed all the research. J.Z., Z.L., X.H. and S.C. 
performed the experiments. Z.L., X.H., S.C., X.Q., W.X. and Z.W. carried out some experiments and analyzed 
some data. All authors reviewed and approved the manuscript.

Additional Information
Competing financial interests: The authors declare no competing financial interests.
How to cite this article: Zhao, J. et al. Lanthanum and Neodymium Doped Barium Ferrite-TiO2/MWCNTs/
poly(3-methyl thiophene) Composites with Nest Structures: Preparation, Characterization and Electromagnetic 
Microwave Absorption Properties. Sci. Rep. 6, 20496; doi: 10.1038/srep20496 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images 
or other third party material in this article are included in the article’s Creative Commons license, 

unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license, 
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this 
license, visit http://creativecommons.org/licenses/by/4.0/

http://creativecommons.org/licenses/by/4.0/

	Lanthanum and Neodymium Doped Barium Ferrite-TiO2/MCNTs/poly(3-methyl thiophene) Composites with Nest Structures: Preparation, Characterization and Electromagnetic Microwave Absorption Properties
	Introduction
	Experiment
	Materials
	Purification of MCNTs
	Preparation of the BaFe11.92(LaNd)0.04O19-TiO2 (BFTO) composites
	Preparation of the BFTO/MCNTs/P3MT composites
	Characterization and electromagnetic properties measurement

	Results and Discussion
	Polymerization
	XRD analysis
	FTIR analysis
	DTA-TG analysis
	Morphology analysis
	Electromagnetic parameter analysis
	Microwave absorption properties

	Conclusion
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Lanthanum and Neodymium Doped Barium Ferrite-TiO2/MCNTs/poly(3-methyl thiophene) Composites with Nest Structures: Preparation, Characterization and Electromagnetic Microwave Absorption Properties
            
         
          
             
                srep ,  (2016). doi:10.1038/srep20496
            
         
          
             
                Jie Zhao
                Jian Yu
                Yu Xie
                Zhanggao Le
                Xiaowei Hong
                Suqin Ci
                Junhong Chen
                Xiaoyan Qing
                Weijie Xie
                Zhenhai Wen
            
         
          doi:10.1038/srep20496
          
             
                Nature Publishing Group
            
         
          
             
                © 2016 Nature Publishing Group
            
         
      
       
          
      
       
          © 2016 Macmillan Publishers Limited
          10.1038/srep20496
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep20496
            
         
      
       
          
          
          
             
                doi:10.1038/srep20496
            
         
          
             
                srep ,  (2016). doi:10.1038/srep20496
            
         
          
          
      
       
       
          True
      
   




