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11. Summary of the new findings of the thesis:  

a. Research objectives: 

- To fabricate a series of micro–nano structured dielectric/magnetic composite materials 

based on lead-free perovskite dielectrics such as BaTiO3 (BTO) and Bi0.5(Na0.8K0.2)0.5TiO3 

(BNKT) combined with spinel ferrite Fe3O4, using selected chemical and physical 

methods. 

- To design and evaluate the energy storage capability and electromagnetic (EM) wave 

absorption properties of the fabricated composite materials. 

b. Research content and methodology: 

- Material synthesis: Preparation of individual oxide particles (BTO, Fe3O4, BNKT) with 

micro–nano sizes using microwave-assisted hydrothermal, co-precipitation, and sol–gel 

methods. Fabrication of micro–nano structured dielectric/magnetic composites by wet ball 

milling (BTO–Fe3O4, BNKT–Fe3O4) and a two-step co-precipitation process 

(BNKT@Fe3O4). 

- Characterization: Investigation of crystal structure, morphology, composition, and 

chemical bonding using XRD, Raman, and SEM–EDX techniques; and analysis of optical 

and magnetic properties using UV–Vis and VSM measurements. 



- Experimental evaluation: Design and fabrication of dielectric ceramic capacitors using 

BTO–Fe3O4 and BNKT–Fe3O4 composites, followed by evaluation of dielectric, 

ferroelectric, and energy storage properties using LCR and Sawyer–Tower systems. 

Fabrication of EM wave absorber samples based on BNKT@Fe3O4 composites and 

analysis of absorption characteristics using a vector network analyzer. 

c. Main contributions of the dissertation: 

- Successfully fabricated several micro–nano structured dielectric/Fe3O4 composite 

materials, including (1–x)BTO–xFe3O4 (x = 0, 0.5, 1, and 3 wt%), (1–y)BNKT–yFe3O4 by 

wet ball milling (with BTO, BNKT, and Fe3O4 powders synthesized via microwave-

assisted hydrothermal, sol–gel, and co-precipitation methods), and mBNKT@(1–m)Fe3O4 

(m = 10, 20, 30, and 50 wt%) via a two-step sol–gel and co-precipitation route. Their 

structural and functional characteristics were systematically investigated. 

- Dielectric ceramic capacitors and electromagnetic (EM) wave absorber samples were 

designed, fabricated, and tested using micro–nano structured dielectric/Fe3O4 composite 

materials. Specifically: (i) The (1–x)BTO–xFe3O4 ceramic capacitor with x = 0.5 wt% 

exhibited a dielectric constant of 1983.17 at 1 MHz, a low dielectric loss of 0.04, and an 

energy storage efficiency of 73%; (ii) The (1–y)BNKT–yFe3O4 ceramic capacitor with  

y = 0.5 wt% showed a high dielectric constant of 793.8 with low dielectric loss of 0.04 at 

1 MHz and a high energy storage efficiency of 86.4%. The mBNKT@(1–m)Fe3O4 

composite with m = 50 wt% and a thickness of 3.3 mm achieved an effective 

electromagnetic wave absorption efficiency of 99.95% at 12.24 GHz, corresponding to a 

wide absorption bandwidth of 4.77 GHz. 

12. Practical applicability, if any:  

13. Further research directions, if any: Further studies and experimental evaluations of the 

energy storage and electromagnetic wave absorption capabilities of the composite 

materials. 
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