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ABSTRACT 

The major aim of the investigations was to study the Barium Titanate- 
PVDF composite for pyroelectric transducer applications. Composite samples of 
varying compositions of Barium Titanate and PVDF were made, mainly, by the hot 
rolling technique. A few initial samples were also made by solvent casting, but they 
were found to show inferior pyroelectric properties. Samples containing 90% and 
i 00% BaTiO3 had to be made in the form of pellets by hot pressing and sintering, 
respectively, because of their brittleness. 

Apart from pyroelectric studies, dielectric, charge field hysteresis, and 
DC conductivity studies were also carried out on these samples, to determine their 
pyt oelectric figure of merit and other electrical characteristics. These investigations 
were carried out at temperatures ranging fflom ambient to about 160oC, using simple 
experimental techniques. The structure of the composites was studied by using 
various techniques such as DSC, SEM, IR spectroscopy and XRD, to observe the 
effect of interactions of the two phases on their structure. An attempt was made to 
correlate the results of the above studies. Finally a pyroelectric detector-amplifier 
was fabricated using the 80% Barium titanate composite and tested. 

The pyroelectric coefficient, dielectric constant, DC conductivity and 
achieved polarization of the composites were observed to increase 而th temperature, 
as well as, an increase in BaTiO3 content. The studies also indicated that the 
pyroelectric coefficient of composites is governed by PVDF at temperatures less than 
50oC, whereas, at higher temperatures, BaTiO3 also contributes to it. Furukawa's 
local field model was extended to predict the variation of pyroelectric coeLicient of 
the composite with respect to composition. 

Structural modifications of BaTiO3 particles as well as PVDF matr沃 
was observed through the DSC, SEM, IR and XRD studies. OEis indicates an 
interaction between the two phases of the composites. The upward shiifi of Curie 
transition and the appearance of a kink in DC conductivity behaviour can be 
explained on this basis. 

The composi tes were compared for their figures of merit. It was found 
that for composites with a 70% barium titanate content and higher the ffigure of 
merit was comparable to that of pure barium titanate・ 



The experiments conducted on the fabricated detector clearly brought 
out the increase in pyroelectric coefficient 面th respect to temperature and thus 
。upports the results of the direct tests as well as the results reported in literature. 

(iv) 



TABLE OF CONTENTS 

Page No. 

CERTIFICATE. . . . ... . . . 

ACKNOWLEDGEMENTS. 

ABSTRACT. .,. . . . . . . . . . . . . . . . . . . . . 

TABLE OF CONTENTS. . . . . . . . . . . . . . . . . . . . 

LIST OF FIGURES. . . . . . . . . . . . . . . . . . . . . 

LIST OF TABLES. . . . . . . 

LIST OF PLATES. . . . . . . . 

CHAPTER-i 	GENERAL INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . 

PYROELECTRIC MATERIALS 

RELATED PROPERTIES OF PYROELECI、RIC MATERIALS 

CERAMIC POLYMER COMPOSITES-A REVIEW 

I .5 THE PRESENT WORK: AIM AND SCOPE 

CHAPTER-2 
	EXPERIMENTAL METHODS AND MATERIALS AND 

2.1 INTRODUCTION 

2.2 MA1ERIALS USED AND THEIR SPECIFICATIONS 

2.6 MEASUREMENT METHODS . . . . 

1
1
  

つ
一
 

『1
 
	

1
1
  

つ
コ
 

	

月
什
 

1
1
 	

111  

INTRODUCTION 

』 1
11

  
N

1
1
  

も
ー
ノ
 

も

1
1

ノ
  ＼

ー

ノ
 

 
×

1 1
1  
×

1
1

ノ
 

411  
1
1
  

つL
  
C
U

  
h
U

  
C

ソ
 

ノ111  

・11
  

・11
  

、1

、
 

・

1
1
  
r

一
 

－

『1
  

一2
  

一
一』
 

一
・

」

ー
  

ノ

I
t
 ・1
 

ノt

＼
  

・

1
 

一j

も
 

×
 

・

ー
  

ノ

I
A

 
-
  
V

  
1

1
×
  

f
j

し
 

ノ1-X  

INSTRUMENTS USED 

2.3 SAMPLE PREPARATION 

2.4 METHOD OF POLING 

2.5 MEASUREMENT CELL 

一IA 	

イ1
 
	

1
1
 	

II
J 	

n
6 	

つ
ム
 

	
00

  
4
  
4
 
4
  
4

  
4
  

一f

」
 

どコ
 

 

(v) 



一IA  

つ
ー
 

ユ
〕
 

	

ス
ー
 

3.3 

1
1
 	

つ
一
 

K
U 	

AU
  

6.3 

ハ
ソ
 
 

つ
一
  

KU
  

0
0
  
0

ノ
 

0
  『1
 

【1
 
	

つ1
  

nU
 	

ハU 
1

工
 

	
1
1
  

「1
 	

O
C
  

ハU
 
O

  
1
1
 	

1
1
 

i 19 

ユ」
 

	

ユ」
 

2
 つ

一
 

 
1
1
 	

1
1
  

（コ
 

	

（
ゴ
 

2
 2

 
1
1
 	

1
1
  

141 

CHAPTER-3 PYROELECTRIC BEHAVIOUR OF BARIUM TITANATE-- 

POLY VINYLIDENE FLUORIDE COMPOSITES 

INTRODUCTION 

	

MIXTURE RULES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 	68 

	

RESULTS AND DISCUSSIONS . . . . . . . . . . . . . . . . .,. . . . . . . ., 	71 

3.4 CONCLUSIONS . . . . . . . . .,. . . . . . . . . .,. . . . . . . . . . . . . . . . . . 	86 

CHAPTER-4 DIELECTRIC BEHAVIOUR OF BARIUM TITANATE 

POLYVINYLIDENE FLUORIDE COMPOSITES . . . . . . . . . . . . . . . . 88 

41 INTRODUCTION . .,. . . . . . . . . . . . . . . . . . .,. . . . . . . . . . . . . . 	89 

一ど
 

一X

一
 

一
6
 	

KU 

4.2 THE MIXTURE RULES 

4.3 	RESULTS AND DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . 

4.4 CONCLUSIONS . 

CHAPTER-5 HYSTERESIS BEHAVIOUR OF BARIUM TITANATE- 

POLYVINYLIDENE FLUORIDE COMPOSITES 

5.1 INTRODUCTION 

5.2 POLARIZATION: LOCAL ELECTRIC FIELD MODEL 

5.3. RESULTS AND DISCUSSION 

5.4 , CONCLUSIONS 

CHAPTER-6 DC CONDUCTIVITY BEHAVIOUR OF BARIUM 貿TANATE- 

POLYVINYLIDENE FLUORIDE COMPOSITES 

INTRODUCTION 

ELECTRICAL CONDUCTION IN COMPOSITES . . . . . . . . . . . . . 

RESULTS AND DISCUSSION 

6.4 CONCLUSIONS 

(vi) 



1
1
  
2
 

7
1 	

ア1
 

7.3 

7.4 

7.5 

00 	
00  

ォ
什
 

 
4
 

1
1
 	

1
1
  

00
 	

IIJ 
4
 1

1

〕
 

一 1

一
 

	
1
1
  

（ど
 

	
00

 

べ
一
 

く

」
 

一1

ユ
 

	
IL

 

171 

2
 つ

山
 

「I 	
t

ノ
 

 
1
1
 	

イ1
  

CHAPTER-7 S1'RUCTURAL STUDIES ON BARIUM TITANATE- 

POLYVINYLIDENE FLUORIDE COMPOSITES 

ォ
什
 

 
A

サ
 

【
ノ
 

	

ワ1
  

41

上
 

	
1
1
  

n

ソ
 

ィ

什
 

「1
 	

00 
d

ー
一
 

	

一1

上
 

 

べ
一
 

只一
 

一

8
 	

一

X

一
 

1
1
 	

1
1
  

INTRODUCTION 

DIFFERENTIAL SCANNING CALORIMETRY . . . . . . . . . . . . 

SCANNING ELECTRONIC MICROSCOPY 

INFRARED SPECTROSCOPY 

X-RAY DIFFRACTION STUDIES 

7.6 CONCLUSIONS 

CHAPTER-8 APPLICATIONS OF BARIUM TITNATE-POLYVINYLIDENE 

FLUORIDE COMPOSITE AS A PYROELECTRIC TRANSDUCER 

MATERIA L 

8.1 CONSIDERATIONS FOR A PYROELECTRIC DETECTOR . . . . 

8.2 COMPARISON OF DIFFERENT COMPOSITES 

8.3 PYROELECTRIC DETECTOR-AMPLIFIER 

8.4 TESTS ON THE TRANSDUCER 

8.5 CONCLUSION . . . . . 

CHAPTER-9 CONCLUSIONS . . . . 

FUTURE SCOPE . . . . . 

APPENDIX-I DC CONDUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . A-1 

APPENDIX-lI POLARIZATION: LOCAL ELECTRIC FIELD MODEL . . . . . A-1 

(v う i) 


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

