PhD Proposal Outline: Exploring Piezoelectricity in Lead-Based Materials
*1. Introduction*

- *Overview of Piezoelectric Materials*: Introduce the fundamental principles of piezoelectricity and its significance
in various applications such as sensors, actuators, and transducers.

- *Significance of Lead-Based Materials*: Highlight the prominence of lead-based ceramics, especially PZT, due to
their superior piezoelectric properties.

- *Environmental and Health Concerns*: Discuss the toxicity issues associated with lead, leading to global regulatory
pressures for lead reduction or elimination in electronic devices.

*2. Literature Review*

- *Historical Development of PZT*: Examine the discovery and evolution of PZT materials and their widespread
adoption in the industry.

- *Properties and Performance*: Analyze the electromechanical properties that make PZT a material of choice,
including high piezoelectric coefficients and thermal stability.

- *Challenges and Limitations*: Address the environmental impact, processing difficulties, and the need for
alternatives due to regulatory constraints.

*3. Research Objectives*

- *Primary Goal*: Investigate the piezoelectric behavior of lead-based materials to understand the mechanisms
contributing to their high performance.

- *Secondary Goals*:

- Explore modifications to PZT to enhance performance or reduce lead content.

- Compare the properties of lead-based materials with emerging lead-free alternatives.
*4. Methodology*

- *Material Synthesis*: Detail the preparation of PZT samples using conventional solid-state reaction methods.

- *Characterization Techniques*:

- Electrical Measurements, properties of piezoelectric coefficients.

- *Comparative Studies*: Assess the performance of modified PZT compositions and compare them with selected
lead-free materials under similar conditions.

*5. Expected Outcomes*

- A comprehensive understanding of the factors contributing to the superior piezoelectric properties of lead-based
materials.

- Identification of potential modifications to PZT that could mitigate environmental concerns while maintaining
performance.

- Insights into the feasibility of transitioning to lead-free alternatives without significant loss of functionality.
*6. Significance of the Study*

- Contribute to the body of knowledge on piezoelectric materials, aiding in the development of environmentally
friendly alternatives.



- Inform industry practices and regulatory policies by providing data on the performance trade-offs between lead-
based and lead-free materials.

SUMMARY AND CONCLUSION

Various lead-based composite materials were analysed from previous reports. From the reported systems
(i) Piezoelectric coefficient d31,d33

(ii)Electromechanical coupling factor-k31,k33

(iii)Piezoelectric voltage constant -g31,g33

(iv)Strain coefficient-S33 were analysed for substituted systems.

From the analysis it was understood that BSPT 58 and PMN-PT have the maximum d31 values. Also 57-58% of PT
substitution with BS showed maximum piezoelectric charge coefficients.

PT-PZ with 50% combination has the better coupling than other composition/substitution.
In PZT based compositions 4.5 and 8% of Nb substitution exhibited better piezoelectric properties.

The analysis revealed that addition/substitution of niobium to PZT/PZ/PM/BSPT enhances the piezoelectric
properties.

This study that PMINT/PZNT based materials can be used as energy harvesting devices due to
their high d 33 and g 33 values.



