
INVESTIGATIONS ON THE PREPARATION AND CHARACTERIZATION 

Of BARON TITANATE (Oa Tio3)/POIYVINYEIDENE 

FLUORIDE (PM) COMPOSITES 

By 
MURALIDHAR CHATURVEDULA 

DEPARTMENT OF PHYSICS 

SUBMITTED 

IN FULFILMENT OF 

THE REQUIREMENTS OF THE DEGREE OF 

DOCTOR OF PHILOSOPHY 
IN PHYSICS 

TO THE 

INDIAN INSTITUTE OF- TECHNOLOGY, DELHI 
IN OA 

iy-icUilftiUL 1986 



TO 

FA THER 	AND 	MOTHER 

IN HEAVEN 



CERTIFICATE  

I am satisfied that the thesis entitled "Investigations on the 

preparation and characterization of parium Titanate 

(BaTi0,0/Polyvinylidene fluoride (PVDE) composites" by MURALIDHAR 

CHATURYEDULA is worthy of consideration for the award of the 

degree of DOCTOR OF PHILOSOPHY and is a record of the original 

bonafide research work carried out by him under my supervision. 

The results in it have not been submitted in part or full to any 

other university - or institute for award of any Degree/Diploma. 

( P.K.C. PIllai) 
Prof ec_Jr 

Departirwnt of Phy 
Indian In5titut,:.: of Tec:ht  

New Delhi-110lb 
INDIA. 



ACKNOWLEDGEMENTS 

I would like to express my gratitude to Professor P.K.C.Fillai 

for the facilities provided during my research period. 

I express my thanks to all my colleagues especially to R.Sekhar, 

P.K.Sharma and D.Sinha for their help. 	I am grateful to all my 

friends for their help. I also express my thanks to Rama Rao, 

Rama and Sharma for helping me in taking the XRD and IR Sptectra. 

I express my sincere thanks to Dr B.V.Rao and their colleagues of 

Central Electronics Ltd., Delhi for making BaTiCk.; pellets. 	The 

financial support received from Dept. of Science & Technology, 

New Delhi and I.I.T, Delhi is also. acknowledged. 	I epress my 

sincere Lhanks to C.S.Sastri of MaxPlanck Institute, Mainz for 

arranging FVDF. 

I express my sincere thanks to Chandra Sekhar and Ravi for 

arranging Word Processing facilities. 	I like to thank Gupta and 

Arora for tracing the drawings. 

Finally I deeply appreciate the understanding, encouragement and 

help received from my family members in particular. 	my brothers 

Chaitanya and Sastri. 

( C.MURALIDHAR ) 



SYNOPSIS 

Material science has entered a new era, an era of r:arefully 

patterned inhomogeneous solids designed to 	perform 	specific 

functions. Instead of concentrating on the properties of the best 

single phase materials, many scientists are now searching for the 

best combination of materials and ways 1-C) prnr-f..., them. Co~posite 

materials in which combinations of phases selected for the best 

individual properties are put together in a manner desidned to 

show their enhanced properties. Therefore compostie materials 

pi ay an 	important role in 	future applications 	1 3. I.,: 

piezoelectric detectors,.capaciturs, memories etc . 

pYrol 

In most electronic devices there are several ph..,,es involyu,:d and 

a number 	material parameters are to be optimi:ed. CifilLS are 

brittle in nature and have very high pyroelectric:, 

r.onstanLs and high dielectric constnts. On thc, other hand 

polymers have low pyro, piezoelectric and dielectric constants 

but hay flexibility and lightness. Therefore, a cumpusite 

material comprising the above two materials would be 	ideal 

replacement for both the classes having the desirable properties 

of both the materials. The main thing one has to look for is to 

exploit the desirable features of both components. Also the 

properties of the composites can be tuned to requirement by 

changing the proportions of the constituent. 

Majority of the workers in the field so far 1.1,74.vc., concentrated on 

differehl: polymer/ceramic composites and none of the stusdis is 



systematic on any polymer/ceramic composite and very few workers 

have explained their results satisfactorily. Since it is an 

upcoming fi‘eld, there is a definite need to understand them 

thoroughly and brought into limelight for using them effectively. 
, 

Therefore in the present work it. has been found desirable to Make 

a detailed study on BaTiOzs/PVDF composite to understand the 

different mechanisms involved before using it ee 

side. 

Chapter I contai'ns, a literature review of the polymer/ceramic 

composites and. also a brief discussion of some of the 'basic 

properties of the polymers, ceramics and polyMer/ceramic 

composites. The aim and objectives of the present work has also 

been given briefly. 

In Chapter II the details of various chemicals used, preearation 

of the BaTi07.5/PVDF composites and methods used for measuring the 

properties of the composites are given. 

Chapter III deals with the pyroelectric behaviour of BaTiOzeTVIW 

composites as pyroelectricity is a necessary attribute for a 

ferroelectric material. Pyroelectricity is defined as change of 

polarization of a dielectric with temperature after eliminating 

polarization effects produced by thermal strains which accompany. 

the temperature change. The wt.fraction of BaTi-0- in the 

composite has been varied to identify the critil composite 

which gives the desirable properties. The enhancement in 

pyroelectric behaviour was explained on the basis of domains and 



the dipolar contribution from PVDF. 

Chapter IV deals with the dielectric behaviour of all the 

composites from 10 Hz to 10 MHz at 30°C. The composite with 70"/ 

wt.fraction of BaTi07,- has a high dielectric constant ( c = 137 at 

10 HZ. & 70°C ) among others and proved to be the critical 

composition. The dielectric behaviour of this composition ha= 

been discussed in detail at different temperatures and 

frequencies. It 	has been shown that due to the ultra fine 

particle size of BaTiO- (about 1 pm), the usual curie peak has 

been shifted from 120° to 150°C in BaTi0-. Due to the combined 

effects of ultra fine particle size of BaTia, and off -valency 

additive effects, which is the substitution of 0-2  b,/ 	the 

curie peak is washed out in the above composite. No aor-upt change 

has been observed in the dielectric behaviour of trv,  composite 

due to the absence of curie peak. E decreases with increase in 

frequency upto 1 MHz. The results were explained on the basis of 

domain motion, inhomogeneous conductivity which 	due to 

interf,:icial polarization and also domain wall motion. 

Chapter V deals with the resistivity behaviour of the composites. 

The composite with 70% wt.fraction of BaTi0-. has a considerably 

high resistivity. The temperature dependence of resistivity 

behaviour of this composition has been studied in detail at field 

and zero bias. 	Since the curie peak is absent due to the 

combined effects of ,Rbovi,,, said ef'.fr-1,1._ther'e_is no.abrupt change- _ 

in the behaviour of the composite either at field or zero bias. 

No positive temperature coefficient of resisti,,,tv (PTCR) 



behaviour has been observed in the composite. The resistivity is 

found to decrease one order in the composite with increase in 

temperature. Current vs Voltage variations of this composite at 

different temperatures have also been studied- The resulLs were 

explained on the basis of liberation of electrons,. or ions from 

traps or_zthe.  _greater ease of charge carriers through the 

amorphous region of PVnF i  and also the ree 	y important roles  

played bythe effects of internal stresses and surface effect. 

Chapter VI deals with the.hysteresis behaviour. of BaTiO-IPVDF 

composites. The comPosite with 70% wt.fraction of BaTiOz  has high 

values of:saturation polarization (P,—,), remanent polarization 

(P,) and low value of coercive field (E„) among other 

compositions and proved to be the critical composition. The 

temperature dependence of 	P, & Ec:  has also been studid for 

this composition.Since the curie peak is absent duo to the 

combined effects of above said effects, there is no abrupt change 

in the behaviour of the comosite. Hysteresis curve has very 

little open area with low values of 	P, & E=  have been 

observed in the composite. The results were explained on the 

basis of domains overcoming the internal stresses in the 

composite with temperature. 

Chapter VII deals with the structural studies of the composites 

by using scanning Electron microscope (SEM), X-ray aiffractometer 

and Infrared spectrophotometer etc. These_studies were carried 

out on BaTiOz/PYDF composites to see what type of structural 
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variations have taken place by changing the wt.fraction of 

BaTiOz. Also attempts have been made to correlate the structure-

property relationship of the composites. 

\ 
The details on the use of the composite as a thermocompensated 

capacitor and dielectric memory cell have been presented in 

Chapter VIII. 

Chapter IX is a brief summary of the results and salient 

conclusions of the entire work along with the scope for further 

work in the fiel.d. 

The above mentioned work has also been resulted in the following 

publications : 

(1) Pyroelectric 	behaviour 
	in 	Barium 	Titanate 

(BaTi0=)/Polyvinylidene fluoride (PVDF) composite. 

Paper presented at International symposium on Electrets 

Heidelberg, West Germany, 4-6 Sep'85, p.865-970. 

(2) Pyroelectric 	behaviour 	in 	Barium 	Titanate 

(BaTiO,)/Polyvinylidene fluoride (PVDF) composites (in extended 

form). 
IEEE transactions on Electrical InsulatiOn, EI-21, 501-504, 1936. 

(3) Thermocompensated capacitor with Barium Titanate 

(BaTiD:O/Polyvinylidene fluoride (PVDF) 	composite. . 

J.of Material Science letters (in press). 

(4) Dielectric 	behaviour 	of 	Barium 	Titanate 

(DaTiO,)/Polyvinylidene fluoride (PVDF) composite. 



J.of Material 'Science letters (in press). 

(5) 	Hysteresis 	• behaviour 	of 	Barium 	• Titanate 

(DaTiOz)/Polyvinylidene fluoride (PVDF) composite. 

J.of. Material Science letters (in press). 

(h) 	Resistivity 	behaviour 	of Bar/um Titanate 

(BaTi0-.)/Polyvinylidene fluoride (PVDF) composite. 

J.of Material science Letters (in Press). 

(7) Surface effect by SEM studies on Barium Titanate 

(BaTi0-0/polyvinylidene fluoride (PVDF) composites: 

J.of Material science Letters ( communicated ): 

(8) SEM studies on Barium Titanate (BaTi0:-.)/Polvinylidene 

fluoride (PVDF) composites. 

J.of Material science 	letters (communicated). 

(9) Pyroelectric, Dielectric, Resistivity and Hysteresis 

behaviour of Barium Titanate (BaTiO-)/Polyvinylidene fluoride 

(PVDF) composites and correlation by SEM studies. 

J.of Material science , letters (communicated). 

(10) Off-valency additive effect and its influence on curie peak 

of. Barium Titanate (BaTiO,)/Polyvinylidene fluoride (PVDF) 

composite. 

J.of. Material science letters (communicated). 

XRD studies on Barium Titanate (BaTiOz_:)/Polyvinylidene 

fluoride (PVDF) composites in the range from 9e. to lcc.. 

J.of Material science letters (communicated). 

(12) XRD studies on Barium Titanate (BaTiO-)/Polyvinylidene 



fluoride (PVDF) composites in the range from 10° to 50°. 

3.of Material Science letters ( c OMMU nicated). 

(13) Electrothermographic behaviour of Poly (methyl methacrylate) 

and Leucomalachite green mixed system. 

J.of.Material science letters, 3, 1065-1068,1984 (not included in 

the thesis). 

(14) Dielectric behaviour in Lead Zirconate Titanate 

(PZT)/Polyvinylidene fluoride (EYDF) composite. 

Paper presented at 2 nd International conference on conduction 

and Breakdown in solid dielectrics, Erlangen, West Germany, 7-10 

July'86: p.227-2l. (not included in the thesis). 

(15) Effect of Internal stresses and conductivity in Barium 

Titanate (BaTi0-)/Polyvinylidene fluoride (FVDF) compQsites and 

other polymer/ceramic composites. 

3.of.Material science letters (communicated). 
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