
Cop
yri

gh
t

IIT
 K

ha
rga

pu
r

xvi 
 

CONTENTS 

Title page          i  
Dedication           ii 
Declaration          iii 
Certificate by the Supervisor        iv   
Acknowledgement         v 
List of Tables          vi 
List of Figures          viii 
List of Symbols         xiii 
Abstract          xv 
Contents          xvi 
 
Chapter 1 Introduction and Literature Survey     1–25 

1.1 Introduction        1  
1.2 Polymer blends        2  
1.3 Polyolefin rubber/plastic blends     3  
1.4 Concept of dynamic vulcanization     4  

1.4.1 Morphology       5 
1.4.2 Rheology       6 
1.4.3 Deformation behavior      7 
1.4.4 Production and processing     8 

1.5 Factors affecting the properties      8  
1.5.1 Compatibility       8 
1.5.2 Type of curative       9 
1.5.3 Degree of cure       11 
1.5.4 Effect of additives      11 

1.6 Thermoplastic vulcanizates based on polyolefin blends: An overview 13 
1.7  Peroxide as crosslinking agent      14  
1.8  Coagent for peroxide crosslinking     18 
1.9  Applications of TPVs       20 
1.10  Scope and background of the work     20 
1.11  Objectives        23 
1.12  Structure of the thesis       24 

Chapter 2 Experimental        26–36 
2.1 Introduction        26  
2.2 Materials        26 

 2.2.1  Polymers used       26 
 2.2.2  Peroxides used      28 
 2.2.3  Coagents used       29  

2.3 Preparation of TPVs       30  
2.4 Testing procedures       30 

  2.4.1  Cure characteristics      30 
             2.4.2  Mechanical testing      30 



Cop
yri

gh
t

IIT
 K

ha
rga

pu
r

xvii 
 

             2.4.3  Hystersis measurements     31 
  2.4.4  Reprocessability of the blends    31 
  2.4.5  Crosslink density      31 
  2.4.6  Gel content       32 
  2.4.7  Morphology       33 
  2.4.8  Differential scanning calorimeter    34 
  2.4.9  Thermogravimetric analysis     34 
  2.4.10  Dynamic mechanical thermal analysis   34 
  2.4.11  Rheological measurements     35 
  2.4.12  Capillary rheometer      35 
   
Chapter 3 Dynamically Vulcanized Blends Based on PP/EOC: Influence  
 of Different Peroxides on Mechanical, Morphological, Thermal 
 and Rheological Characteristics     36–59 

3.1 Introduction        36  
3.2 Results and discussion       37  

3.2.1 Cure characteristics and crosslink density   38  
3.2.2 Mixing Torque      40  
3.2.3 Mechanical properties      41 
3.2.4 Morphology       46  
3.2.5 Thermal properties      51  
3.2.6 Rheological properties     53  
3.2.7 Tensile fractography      56  

3.3 Conclusions        58   

 
Chapter 4A  Dynamically Vulcanized Blends Based on PP/EOC: Influence 
   of Different Coagents on Mechanical, Morphological, 
   Thermal and Rheological Characteristics    60–88 

4A.1 Introduction        60  
 4A.2  Results and discussion      61  

4A.2.1 Reaction mechanism     61  
4A.2.2 Cure characteristics and crosslink density   64 
4A.2.3 Mixing torque      65 
4A.2.4 Mechanical properties     67 
4A.2.5 Morphology       72 
4A.2.6 Thermal properties      74 
4A.2.7 Rheological properties     76 
 4A.2.7.1 Strain dependency of viscoelastic behavior 76 
 4A.2.7.2 Frequency dependency of viscoelastic behavior 78 

 4A.2.8  Stress relaxation measurements    79 
4A.2.9 Capillary rheometer      81 
4A.2.10 Tensile fractography     84  

4A.3 Conclusions        88 
          



Cop
yri

gh
t

IIT
 K

ha
rga

pu
r

xviii 
 

Chapter 4B Dynamically Vulcanized Blends Based on PP/EOC: Influence of  
1,2–Polybutadiene as a Coagent on Mechanical, Morphological  
Thermal and Rheological Characteristics    89–103 

4B.1 Introduction        89 
4B.2 Results and discussion      90  

4B.2.1 Processing characteristics     90  
4B.2.2 Mechanical properties      92 
4B.2.3 Morphology       94 
4B.2.4 Tensile fractography      95 
4B.2.5 Thermal properties      96 
4B.2.6 Strain amplitude response of TPVs in melt state  98 
4B.2.7 Shear rate response of TPVs in melt state   99 
4B.2.8 Capillary rheometer      101 
4B.2.9 Correlation between oscillatory and steady shear flow 102  

4B.3 Conclusions        103  
  

Chapter 5A Dynamically Vulcanized Blends Based on PP/EOC: Influence  
of Different Mixing Sequences on Mechanical, Morphological  
and Thermal Characteristics      104–129 

5A.1 Introduction        104 
5A.2 Results and discussion      105 
 5A.2.1 Mixing torque       106 
 5A.2.2 Morphology       108 
 5A.2.3 Mechanical properties      111 
 5A.2.4 Tensile fractography      116 
 5A.2.5 Differential scanning calorimetery    119 
 5A.2.6 Thermogravimetric analysis     121 
 5A.2.7 Dynamic viscoelastic behavior in solid state   123  
5A.3 Conclusions        128  

         
Chapter 5B Reinforcement Mechanism of PP/EOC TPVs   130–152 

5B.1 Introduction        130 
5B.2 Results and discussion      130 
 5B.2.1 Gel content and overall crosslink density   130 
 5B.2.2 Morphology       132 
 5B.2.3 Rheological properties     134 
  5B.2.3.1 Strain dependence of viscoelastic behavior  134 
  5B.2.3.2 Frequency dependence of viscoealstic behavior 138 
 5B.2.4 Modulus recovery      141 
 5A.2.5 Reinforcement mechanism     144 
5A.3 Conclusions        152  

  



Cop
yri

gh
t

IIT
 K

ha
rga

pu
r

xix 
 

 

Chapter 6 Structure-Property Relationship of Thermoplastic 
Vulcanizates Based on PP/EOC and PP/EPDM Blends:  
A Comparative Study       153-185  

6.1 Introduction        153  
6.2 Results and discussion       154 

6.2.1 Processing characteristics      154 
6.2.2 Dynamic viscoelastic properties of neat polymers  157 
6.2.3 Morphology       160 
6.2.4 Rheological properties      165  

6.2.4.1 Dynamic viscoelastic properties of  
uncrosslinked blends  165 

6.2.4.2 Dynamic viscoelastic properties of  
dynamically crosslinked blends  169 

6.2.5 Thermal properties      173 
6.2.6 Mechanical properties      175 
6.2.7 Hysteresis        179 
6.2.8 Tensile fractography      181 
6.2.9 Reprocessability of the blends     183 

6.3 Conclusions        184 
    

Chapter 7 Summary and Conclusions      186–190  
 
References          191–202 
 
Curriculum vitae           
 
Published papers           

 


