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The research problem 
Define the problem   

Poly (vinylidene fluoride) (PVDF) exhibits five different crystalline polymorphs viz. , , ,  and , of which  and   

phases are electroactive manifesting ferroelectric and piezoelectric properties. The extent of piezoelectric property 

primarily depends on the fraction of polar phase associated with PVDF. In this context, various research endeavours 

viz. stretching, poling, etc. have been reported in the literature to increase the extent of polar phase in PVDF. Further, 

addition of nanofiller (1D and 2D) also enhances the degree of polar phase and subsequently, enhances the 

piezoelectric property of the PVDF nanocomposites. Moreover, it has been found that orientation of polar crystallites 

plays a major role in enhancing the piezoelectric property of the corresponding nanocomposites.  

In view of the above, we propose to investigate the addition of 2D nanomaterials (viz. graphene oxide, molybdenum 

sulphide, boron nitride nanosheets, etc.) in the PVDF matrix on the ferroelectric and piezoelectric properties of PVDF 

nanocomposites, which will be prepared via melt-mixing followed by post-drawing the cast film. In this context, we 

plan to investigate the influence of 2D nanomaterials on the morphology, rheology and mechanical properties of the 

post-drawn nanocomposite films. Finally, we also plan to develop sensor devices from 2D layered nanomaterials 

incorporated PVDF nanocomposites for industrial purposes specifically targeting towards flexible, piezoelectric 

applications. 

 

 

 

Project aims 
Define the aims of the project 

The broad aim of the project is to investigate the influence of 2D layered nanomaterials on the ferroelectric, 

piezoelectric and mechanical properties of PVDF nanocomposite films. 

The specific objectives of the proposed project are: 

1. To investigation the extent of dispersion of the 2D nanomaterials in the PVDF matrix, various microscopic 

techniques will be employed. 

2. To investigate the influence of 2D nanomaterials on the viscoelastic properties of the corresponding 

PVDF nanocomposites, melt-rheology and dynamic mechanical thermal analyses will be carried out.   

3. To investigate the influence of 2D nanomaterials on the mechanical properties of the corresponding PVDF 

nanocomposite films, tensile experiment will be carried out. 

4. To investigate the influence of 2D nanomaterials on the piezoelectric properties of the corresponding 

PVDF nanocomposite films, piezo-response force microscopy will be carried out. 

5. To investigate the influence of 2D nanomaterials on the piezoelectric properties of the corresponding 

PVDF nanocomposite films, sensors will be fabricated and characterised. 

 

 

 

 

 



What is expected of the student when at IITB and when at Monash? 
Highlight how the project will gain from the students stay at IITB and at Monash 

 

The student is expected to learn and carry out the processing and characterization of the nanocomposites, which 

include microscopy, spectroscopy, WAXD, SAXS, melt-rheology and piezoelectric measurements. While at 

Monash, the student is expected to learn DMTA, high end transmission electron microscopy and mechanical 

characterizations. 

 

 

Expected outcomes 
Highlight the expected outcomes of the project 

 

The expected outcomes of the project would be: 

1. To develop flexible ferroelectric and piezoelectric devices for industrial applications and to patent the 

research work 

2. To publish the scientific results in the international journals of high repute 

3. To present the scientific outcomes in various national and international conferences 

 

 

How will the project address the Goals of the above Themes? 
Describe how the project will address the goals of one or more of the 6 Themes listed above. 

The proposed project will address broadly the topic covered by ‘Material Science/Engineering (including Nano) 

 

 

Potential RPCs from IITB and Monash 
Provide names of the potential research progress committee members (RPCs) and describe why they are most 

suited for the proposed project 

1. Prof. Ajay S. Panwar (MEMS, IIT Bombay) 

2. Prof. Mithun Chowdhury (MEMS, IIT Bombay) 

3. Prof. Mainak Majumder (Mechanical and Aerospace Engineering, Monash University) 

The proposed faculty members are expert in the area of Polymer Nanocomposites, hence they are most 

suited for the proposed project. 

 

Capabilities and Degrees Required 
List the ideal set of capabilities that a student should have for this project. Feel free to be as specific or as general as you like. 

These capabilities will be input into the online application form and students who opt for this project will be required to show that 

they can demonstrate these capabilities. 

We are looking candidates, who are M.Tech in the following disciplines: 

1. Materials Science & Engineering 

2. Polymer Science & Engineering 

3. Chemical Engineering 

 

Necessary Courses    
Name three tentative courses relevant to the project that the student should complete during his/her coursework at IITB (the 

student will require to secure 8 point in these courses) 

1. Polymer Blends and Nanocomposites (MM 638) 

2. X-Ray Diffraction and Electron Microscopy (MM 684) 

3. Seminar (MMS 802) 

 

 

Select up to (4) keywords from the Academy’s approved keyword list (available at 

http://www.iitbmonash.org/becoming-a-research-supervisor/) relating to this project to make it easier 

for the students to apply.  

Nanotechnology/nanoscience: 10 

Energy: 2 

 

 


