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SUMMARY 

 
The salient features of the thesis are summarized in this chapter. The thesis deals  

with the free volume changes brought about by compression, elongation, physical aging and  

isochronal annealing (both in the unstrained and in strained conditions) in a technologically  

important polymer Poly(chlorotrifluoroethylene)-PCTFE. Further, to study the effect of  

Vinylidene fluoride (VF2) on the microstructure of PCTFE, the author has selected three  

types of PCTFE with varying VF2 content viz., (i). 22A (with 3% VF2), TVS (with 0.5%  

VF2) and HP (0% VF2). The effected changes are studied using the defect tool, Positron  

Annihilation Lifetime technique. The thesis comprises of six chapters viz., (1). Introduction,  

(2). Experimental technique and data processing, (3). Effect of stress on the microstructure  

of PCTFE, (4). Physical aging of PCTFE, (5). Influence of Vinylidene fluoride on the  

annealing behavior of PCTFE, (6). Effect of pressure on the annealing behavior of PCTFE  

and (7). Summary. The focus of this thesis is to understand the effect of VF2 comonomer  

on the microstructure of PCTFE when subjected to aforesaid external treatments.  

Chapter I gives a general introduction to the importance of copolymers and their  

effect on the physical and mechanical properties of polymers. Further, Positron Lifetime 

Technique applied to polymer studies is also discussed. A detailed description of the  

theoretical models relevant to the present experimental investigation in terms of free  

volume leading to WLF theory is also provided in this chapter. The motivation for  

undertaking the present work is highlighted in section 1.13. of this chapter. Besides this  

general introduction, every chapter has its own introduction to illustrate the particular  

interest and the motivation for the present studies. The second chapter gives the description  

of the positron lifetime spectrometer used in the present investigation and the sample  

treatment procedures.  

From the tensile study in 22A and HP (chapter III(a)), it has been found that the  

addition of 3% VF2 alters the elongation behavior of PCTFE. The chain straightening  

process precedes the chain orientation in these two polymers. Further, the absence of VF2 
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in HP reduces the amorphous content and thus found to offer restriction to the rotation of  

chain segments beyond the critical strain. Due to the increased amorphous content in 22A,  

the yield point and the ultimate yield strength is found to be lesser than that of HP.  

The compression study on 22A and HP (chapter III(b)), reveals that the compression  

can be divided into two parts; molecular compression and free volume compression and the 

molecular compression precedes the free volume compression in agreement with the  

literature reporting [1]. The addition of VF2 results in increased amorphous content [2]  

which inturn leads to more flexibility. The free volume compression of 22A occurs at a  

lesser pressure than HP whereas, the molecular compression for both the samples occurs  

at the same pressure (around 4 kbar). These results points to the fact that VF2 influences  

mainly the amorphous region. The minor difference in the variations of second lifetime and  

intensity in these samples shows VF2 has a little influence on crystalline regions as well  

as in c-a boundary regions. The present results also support the observation that certain  

crystalline materials do transform to amorphous phase on compression [3] which occurs at  

a lesser stress in 22A and HP.  

Physical aging effects of PCTFE (types 22A and HP) are explained based on the  

changes in o-Ps intensity which has been well resolved into two additive exponentials is  

described chapter IV. As per literature [4,5], only the o-Ps intensity shows variation  

whereas in PCTFE (both 22A and HP) both the o-Ps lifetime and its intensity show  

considerable changes as a function of aging time. From this, the relaxation times are  

evaluated. The free volume behavior exhibits Doolittle type of free volume relaxation. The  

results also show that the Narayanaswamy model can be extended to study the relaxation 

behavior of polymeric glasses above Tg with a little modification. In agreement with the  

results of the tensile and elongation study on this polymer, the aging results also show that  

addition of VF2 increases the amorphous content and thus reduces the relaxation time. From  

the values of the non-exponential parameter in Kolrausch- Williams-Watts function, it is  

found that only fewer segments are involved in the relaxation process in 22A than in HP.  

Since 22A has more amorphous content (more of VF2 content) than HP, the additional free 
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volume in 22A allows the molecular segments to reach their equilibrium state faster than  

in HP at a given thermal state. Naturally, one expects that 22A to relax quickly than HP  

and the present results are in agreement with this.  

The results on the effect of VF2 on the annealing behavior of three types of PCTFE  

viz., 22A (with VF2 3%), TVS (with VF2 0.5%) and HP (with VF2 0%) is provided in  

chapter V. The results show that with the increase in VF2, there is a decrease in the glass  

transition temperature. In all the three samples, below Tg the segmental motion is very  

small and this is in conformity with the WLF theory [6].  

The results on the effect of pressure (both elongation and compression) on the  

annealing behavior of PCTFE is discussed in chapter VI. In the elongated PCTFE (HP), at  

lower annealing temperatures, the stretched polymer chains begin to shrink. The presence  

of residual stresses both in elongated HP and compressed 22A induces negative thermal 

expansion. As a result, there is a decrease in free volume in the rubbery region with an  

increase in Tg. It is observed that there is an increase in the rate of crystallization in  

elongated HP, incontrast with a decrease in the rate of crystallization in compressed 22A 

compared to their undeformed state.  
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