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Abstract: Electroceramics are materials widely used in various electronic applications due
to their unique dielectric properties. This study investigates the influence of temperature on the
dielectric properties of selected electroceramic compositions, focusing on permittivity, loss
tangent, and electrical conductivity. Understanding these dependencies is crucial for optimizing
the performance of electroceramics in capacitors, insulators, and resonators.
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HNCCIEJOBAHUE BJIUAHUSA TEMIIEPATYPbI HA IUDJEKTPUYECKHUE
CBOICTBA DJEKTPOKEPAMUYECKUX KOMITO3ULIUI

AHHOTAIUsA: DJIEKTPOKEPAMHKa — 3TO MaTepHall, IIMPOKO HCIOIb3YEMbIH B Pa3IMYHbIX
AJIEKTPOHHBIX YCTPOMCTBaX OJiarojapsi CBOUM YHHKAIBHBIM JIHAJICKTPUYECKUM CBoOWcTBaM. B
JTAHHOM HCCJICJJOBAHUU KCCIICIYETCS BIIMSHUEC TEMIEPATyphl Ha JUAJICKTPHUYCCKUE CBOMCTBA
BBIOpAHHBIX  DJIGKTPOKEPAMUYCCKUX  KOMIIO3HMIIMA C  YIOPOM HA  JIUIJICKTPUUYCCKYIO
MIPOHUIIAEMOCTh, TAHTEHC yTJjIa MOTEPh U SJIEKTPOIIPOBOAHOCTh. [IoOHMMaHMEe ATHUX 3aBUCHMOCTEH
UMEeT peliaroliee 3HA4YeHHWE JUIS ONTUMHU3AIUU  XapaKTePUCTHK JJIEKTPOKEPAMUKH B
KOHJICHCATOPaX, U30JIATOPaX U pe30HATOpaX.

KiroueBble cjioBa: DieKTpoKepaMuKa, AUDIEKTPUUECKHE CBOICTBa, TeMIepaTypHas
3aBUCHMOCTh, THTaHaT Oapus (BaTiOs), mupkonar-turanatr cButia (PZT), TUTaHAT CTPOHIIUSA
(SrTiOs), nuanekTpudeckas MPOHUIIAEMOCTb, TAHTE€HC YIJIa OTEPh, TEPMUYUECKast CTAOMITILHOCTD,
YacTOTHAs XapaKTepUCTHUKA.

INTRODUCTION

Electroceramics are ceramic materials that exhibit significant electric polarization and
conductivity, making them essential in modern electronic devices. Temperature variations can
significantly affect the dielectric properties of these materials, influencing their performance in
practical applications. This study aims to explore the relationship between temperature and
dielectric behavior to provide insights for the fabrication and application of electroceramics.

MATERIALS AND METHODS

1. Electroceramic Compositions: Common compositions selected for this study
include: Barium Titanate (BaTiOs), Lead Zirconate Titanate (PZT) , Strontium Titanate (SrTiOs)

2. Characterization Equipment: LCR meter for impedance spectroscopy, thermal
cycle apparatus, and furnace for heat treatment.

Methodology:

1. Sample Preparation: The chosen electroceramic powders are synthesized using
solid-state reaction methods and sintered at high temperatures to form dense ceramic bodies.

2. Temperature Control: Dielectric properties are measured at various temperatures
(e.g., 25°C to 600°C) using a temperature-controlled furnace.
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3. Dielectric Measurements: Measure dielectric constant (¢') and loss tangent (tan o)
using an LCR meter. Conduct tests at different frequencies (e.g., 1 kHz, 10 kHz, 100 kHz) to
observe frequency-dependent behavior.

Influence of Temperature on Dielectric Properties
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RESULTS

Dielectric Constant: Initial results indicate an increase in the dielectric constant with
temperature for most compositions, attributed to enhanced ionic mobility and polarization
processes as temperature rises.

Loss Tangent: The loss tangent exhibits a complex behavior with temperature, often
increasing significantly at elevated temperatures due to increased conduction losses and higher
thermally activated processes.

Temperature Coefficient: The temperature coefficient of the dielectric constant varies
among the different electroceramic compositions, with PZT showing a higher sensitivity to
temperature changes than BaTiOs and SrTiO:s.

Frequency Dependence: At higher frequencies, the dielectric properties tend to stabilize,
indicating a transition from a thermally activated process to a frequency-dependent polarization
response.

DISCUSSION

The influence of temperature on dielectric properties is primarily governed by the
mechanisms of ionic and dipolar polarization. Higher temperatures facilitate atomic vibrations and
mobility, resulting in increased polarization. However, excessive temperatures can lead to
structural phase changes in certain electroceramics, which may adversely affect dielectric
properties.

The observed behavior underscores the importance of temperature management in
applications where electroceramics are subjected to varying thermal conditions, such as in
capacitors or sensors working in high-temperature environments.
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CONCLUSION

This study reveals that temperature plays a critical role in determining the dielectric
properties of electroceramic compositions. Understanding these influences allows for better
engineering of materials tailored for specific applications in electronic devices. Future work is
recommended to explore additional compositions and their long-term thermal stability and
performance under operational conditions.
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