PROCESSING AND PROPERTIES OF
POLYPROPYLENE CLAY NANOCOMPOSITE
BLOWN FILMS

MANASH JYOTI KASHYAP

CENTRE FOR POLYMER SCIENCE AND ENGINEERING
INDIAN INSTITUTE OF TECHNOLOGY DELHI
MARCH 2014



PROCESSING AND PROPERTIES OF
POLYPROPYLENE CLAY NANOCOMPOSITE
BLOWN FILMS

By
MANASH JYOTI KASHYAP

Centre for Polymer Science and Engineering

Submitted

in fulfillment of the requirements of the degree of Doctor of Philosophy

to the

INDIAN INSTITUTE OF TECHNOLOGY DELHI
MARCH, 2014



Dedicated to

My Loving and Caring Parents



CERTIFICATE

This is to certify that the thesis entitled, “Processing and Properties of Polypropylene Clay
Nanocomposite Blown Films” submitted by Mr. Manash Jyoti Kashyap to the Indian
Institute of Technology Delhi, for the fulfillment of award of the degree, Doctor of
Philosophy, is a record of bonafide research work carried out by him under my supervision
and guidance. This thesis has been prepared in conformity with the rules and regulations of

the Indian Institute of Technology Delhi, New Delhi.

The thesis, in my opinion, is worthy of consideration for award of the degree of Doctor of
Philosophy in accordance with the regulations of the Institute. To the best of my knowledge,
the results embodied in the thesis have not been submitted to any other University or Institute

for the award of any other Degree or Diploma.

(Anup K Ghosh)
Professor
Centre for Polymer Science and Engineering
Indian Institute of Technology Delhi

Hauz Khas, New Delhi-110016, India



Acknowledgements

It is said that the quest for learning never ends. The last few years of my doctoral studies at
IIT Delhi is a testimony to this saying. It would really be an understatement to say that my
learning process and specially with respect to my doctoral studies have continued till date. In
my quest towards enlightenment from the fountain of learning during all these years, | have
been blessed by the Almighty God with some of the most wonderful people whose presence at
different phases of this period has enriched my learning experience and has helped me evolve
as a better human being.

First and foremost, | would like express my heartfelt gratitude to my supervisor Prof. Anup K
Ghosh for initiating me into my doctoral studies and guiding me throughout the duration of
my doctoral studies. He has helped me in developing the ability to adapt and excel in
constantly changing work environment. I am sure this will be very helpful for me in my
professional life and | am greatly indebted to him for this. Further, | would like to thank him
for the kind of freedom he allowed me to carry out my research work within the broad frame
of research area defined to me. This really helped me in imbibing a creative approach
towards the way | dealt with my PhD topic and has led to the successful completion of my
thesis.

I would like to express my gratitude towards my student research committee members Prof.
B.L. Deopura, Prof. Mangala Joshi and Dr. Bhabani Satapathy for helping in the
formulation of my research proposal as well as guiding me whenever needed during my
doctoral studies.

I am greatly indebted towards Prof. S.N. Maiti his constant guidance and very useful inputs,
which really helped me in carrying out some of the analysis during the course of my thesis
writing. | am greatly indebted towards Prof. Veena Choudhary for facilitating my
experimental research work in the institute. | am also thankful to Dr. J. Jacob who was

always available for valuable discussions and support.

I would like to express my gratitude to the Dr. Sumanda Bandyopadhyay, Dr. Radha
Kamalakaran and Mr. Prasanta Mukhopadhyay of the J.F. Welch Technology Centre,
Bangalore for providing me with facilities to carry out the analytical testing of my samples.

This work would not have been possible without the support and encouragement from my
friends, seniors and juniors. My special thanks go to Mr. Sanjeev Kumar, Dr. Jutika



Goswami, Mr.Tahir Zafar, Ms. Priyanka Singh, Dr. Deeksha Gupta, Ms. Khushboo Rinawa
Mr. Rishi Sharma, Mr. Debanga Konwar, Mr. Anindya Dutta, Mr. Sabapathy Sankar,Mr.
Harjeet Singh Jaggi, Mr. Satish Kommoji, Ms. Sneh Bharti and Mr. Arnav Ghosh, for their
constant cooperation and support at different times in my doctoral studies. I had the
opportunity to closely interact with Dr. Sangita Nandi, Dr. K Senthilkumar, Dr. Saikat
Banerjee and Dr. Satpal Singh. I would like to thank all of them for always cheering me up
and providing me with useful tips. Working with them was a nice experience.

Only expression of gratitude will be insufficient for the kind of help and cooperation extended
to me by Mr. Rohit Srivastava, who trained me on several critical equipments utilised during
my stay at the .F. Welch Technology Centre, Bangalore. |1 would like to thank Dr. Thomas
Paul, Mr. Hari Prasad, Ms. Pallavi MB and Sharvani K for their cooperation and also for
being a source of constant inspiration and during my analytical work at Bangalore.

I owe thanks to laboratory staffs Mr. Ashok Kapoor, Mr. Surender Sharma, Mr. Shiv
Kant, Mr. S. S. Bhatnagar, Mr. Amarjit, Mr.Nirmal Kumar for their timely help and
cooperation. I would also like to convey my thanks to Ms. Suchitra Singh, Mr. Narender
Kumar Ms.Rama Sharma, Ms. Mamta Kumari and Ms. Sahlini Arora for their all-possible
supports. 1 am also thankful to Mr. Sudhir Kumar Pandey, Mr. Parmod Kumar Mr.
Deendayal and Mr. Raj for all their help during this period.

I wish to acknowledge Department of Science and Technology, Reliance Industries Limited,
India, Proctor & Gamble Limited and John Deere India Ltd., for providing me financial
assistance to carry out my research work smoothly. Further, 1 would like to thank the J.F.
Welch Technology Centre Pvt. Ltd., Bangalore for providing me advanced facilities to carry

out research work.

I am deeply indebted to my family members especially to mother, father and my sister who
were constantly inspiring and supporting me during the entire duration of my doctoral
studies. | wish to record my sincere appreciation and thanks to them for their invaluable
support, patience and encouragement throughout my study years. It gives me immense
pleasure to thank and express my heartfelt gratitude to Ms. Runjun Sarma for constantly
inspiring me to complete my thesis towards the end of my doctoral studies. | would also like
to thank her for helping me with the schematics in my thesis and thus helping me to bring out
the thesis in the best possible manner.



Last but not the least; | would like to express my gratitude to the Almighty God, who guided
me to come this great seat of learning and helping me in every challenging phase. | am
grateful to Him for all these wonderful people | have met during my PhD program and also
for showing me with immense blessings to complete this piece of work in the best possible

way.

Manash Jyoti Kashyap



Abstract

Polymer nanocomposites has been an area of immense interest since the last couple of
decades. The possibility of a quantum increase in the polymer matrix properties has led to
efforts towards application in areas from aerospace application to the possibility of
substitution of polymer nanocomposite in monolayer films for packaging applications. The
present study aims to make a detailed investigation on the processing, rheology and
properties of polypropylene (PP) clay nanocomposites and their applications in blown films.
The studies on rheology involved detailed analyses of the shear and extensional rheology of
polypropylene clay nanocomposites with correlations between the material characteristics
and blown film processing of the nanocomposites. The thermal studies involved both
isothermal and non-isothermal crystallization kinetics studies. These studies revealed the
nucleating effect of nanoclay especially at the highest rates of cooling and the highest
crystallisation temperature in non-isothermal and isothermal crystallisation studies
respectively. Further, these studies also indicated the formation of predominantly one-
dimensional fibrillar morphology bordering on two-dimensional disc like crystalline
structures. The PP clay nanocomposite blown films were analysed for their thickness
variation, tensile, oxygen barrier, haze/transmittance and crystalline properties and
correlations were made with the structure and compositions of these films. The studies on
blown film morphology indicated distinct alignment of nanoclay platelets parallel to machine
directional stretching (in the blown film process). Further, the polypropylene blown film
surface morphology was observed to be altered on addition of nanoclay with smoother
morphology for the PP clay nanocomposites compared to those of PP. Further, addition of
nanoclay also led to lower average spherulite diameters of PP thus confirming the nucleating

effect of nanoclay.



TABLE OF CONTENTS

List of Figures
List of Tables
List of Abbreviations
Chapter -1: Introduction and Literature Survey
1.1 Introduction
1.2 Nanocomposites and traditional composites
1.3 Description of layered silicates (nanoclay)
1.4 Development and challenges in polymer nanocomposites
1.5 Blown film process
1.5.1 Engineering aspects of blown film processing
1.6 Rheology and film processability
1.6.1 Melt elasticity and its influence on the oriented structure
1.6.2 Elongational rheology, film blowability of nanocomposites
1.7 Processing structure property relationship in blown films
1.8 Polypropylene clay nanocomposites
1.8.1 Polymer nanocomposites by melt intercalation
1.9 Characterisation of nanocomposites using TEM / XRD
1.10 Thermo degradative studies on nanocomposites
1.11 DSC (differential scanning calorimetry) studies on PP nanocomposites
1.12 Structure-property-rheology relationship of nanocomposites
1.13 Haze and transmittance and relation to structure of blown films
1.13.1 Transmittance and structure of blown films
1.13.2 Haze and structure of blown films
1.14 Tensile properties of blown films
1.15 Barrier properties — and relevance to blown films
1.15.1 Barrier properties of nanocomposites films
1.16 Scope of thesis
1.17 Objective of this study
1.18 Thesis format
Chapter -2: Experiements Methods and Materials
2.1 Introduction
2.2 Raw materials and their characterisation

Vii

g w B+~

12
14
17
17
19
21
21
22
25
27
27
29
29
29
30
31
32
34
36
36

38
38



2.2.1 Polypropylene
2.2.2 Maleic Anhydride Grafted Polypropylene (PP-g-MA)
2.2.3 Organoclay
2.3 Processing of nanocomposites
2.3.1 Processing using twin screw extruder
2.3.2 Blown film processing
2.3.2.1 Processability study of PP blown films
2.4 Rheological Characterisation of PP clay nanocomposites
2.4.1 High shear capillary rheology
2.4.2 Low shear dynamic oscillatory rheology
2.4.2.1 Dynamic time sweep test
2.4.2.2 Dynamic strain sweep test
2.4.2.3 Dynamic frequency sweep test
2.4.3 Steady rate sweep test
2.4.4 Stress relaxation test
2.4.5 Elongational rheology test
2.5 Thermal characterisation
2.5.1 Differential scanning calorimetry (DSC)
2.5.2 Thermogravimetric analysis (TGA)
2.6 Tensile properties
2.7 X-Ray diffraction studies
2.8 Haze and transmittance properties
2.9 Film barrier properties
2.10 Polarised light optical microscopy
2.11 Scanning electron microscopy
2.12 Transmission electron microscopy (TEM)
2.13 Summary
Chapter -3: Rheology of polypropylene clay nanocomposites
Chapter -3A: Shear Rheology
3.1 Introduction
3.1.1 Rheological analyses
3.2 Experimentals
3.3 Results and discussions
3.3.1 High shear capillary rheology

38
38
39
39
40
42
43
45
45
47
48
49
49
50
52
53
54
54
54
56
57
57
59
60
60
61
62

63
63
66
70
71
71



3.3.2 Steady shear rheology 76

3.3.3 Dynamic oscillatory rheology 83

3.3.3.1 Time sweep and strain sweep tests 83

3.3.3.2 Dynamic frequency sweep tests 87
3.3.4 Stress relaxation test 101
Chapter -3(B): Extensional Rheology 107
3. 4 Introduction 107
3.5 Extensional rheology test 110
3.6 Summary 120

Chapter -4 : Thermal characterisation and crystallisation behaviour of polypropylene

claynanocomposites

4.1 Introduction 122
4.2 Thermal analysis of PP clay nanocomposites 123
4.3 Isothermal crystallisation kinetics 132
4.4 Non Isothermal crystallisation kinetics 142
4.5 Thermogravimetric analysis (TGA) 154
4.6 Summary 157
Chapter -5: Characterisation of Polypropylene Clay Nanocomposite Blown Films

5.1 Introduction 159
5.2 Wide angle X-Ray diffraction studies (WAXD) 160
5.3 Oxygen transmission properties of polypropylene nanocomposite blown films 164
5.4 Haze and transmittance properties of polypropylene nanocomposite blown films 166

5.5 Tensile properties and average thickness variations of polypropylene nanocomposite

blown films 168
5.6 Summary 169
Chapter -6: Morphology of polypropylene clay nanocomposites and its blown films.

6.1 Introduction 171
6.2 Optical microscopy 171
6.3 Scanning electron microscopy (SEM) 175
6.4 Transmission electron microscopy (TEM) 179
6.5 Summary 185

Chapter -7: Summary, Conclusions and Future Scope
7.1 Background 186
7.2 Summary 187



7.2.1 Experimental method and materials

7.2.2 Rheology and polypropelene clay nanocomposites
7.2.3 Thermal characterisation and crystallisation behaviour of polypropylene clay
nanocomposites

7.2.4 Characterisation of polypropylene clay nanocomposite blown films

7.2.5 Morphology of polypropylene clay nanocomposites and its blown films
7.3 Conclusions
7.4 Future scope
References

187
188

190
191
192
193
194
195



	Manas Final Thesis.pdf
	M1.pdf
	M2.pdf
	M3.pdf
	M4.pdf




