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Rheological Behavior and Enhanced Processabilitics of Ethylene-tetrafluoroethylene Copolymer

The finoropolymers have excellent properties such as non-sticky derived from low surface-energy as a typical
characteristic, high heat resistance, chemical resisiance, flame retardance, and various durability {weatherability),
comparing with general-purpose polymers. Eihylen-tetraffuoroethylen copolymer (ETFE) is one of fluorine
thermoplastic polymers and alternative copolymer comprising of tetraflnorocthylene and ethylene, and has also
various excellent properties as well as PTFE. Unlike PTFE, ETFE is melt processable polymer same as commodity
thermoplastics such as polyethylene and polypropylene. However, few studies have been focused on melt rheclogy of
ETFE up to the present, especially the elongational behavior that have a great influence on polymer processings has
never been reported. Therefore, the processing of ETFE has been limited to some fields, ETFE is believed to be linear
polymer and an improvement of the elongational viscosity of ETFE has been required in terms of the processability. In
this thesis, we studied the improvement of elongational viscosity of ETFE and furthermore the drastic effect on film
processabilities and foaming behavior as applications. The thesis consists of 6 cﬁapters and the main contents in each
chapter are briefly shown as below,

Chapter 1; “Introduction™

First of all development history of fluorepolymers and the fundamental properties including crystal structure,
molecular weight, rheolagy properties, and their processabilities are summarized. Lastly, the background and the
purpose of this thesis were desoribed. |

Chapter 2;  “Sarmnple preparation for enhanced melt tension”

We prepared conventional ETFE and novel samples modified by three methods: 1) introduction of divinyl
monomer to ETFE in the polymerization process, 2) an addition of a small amount of ultra-high molecular weight
ETFE, 3) grafting reactive extugion of itaconic anhydride ETFE with PA12. Although all samples exhibited somewhat
strain hardening phenomenon, a few important problem occurred fdr regarding methods 2) and 3). In method 2), poor
dispersion of the ultra-high molecular weight ETFE component was observed, giving rise to a “fisheye”. In method 3),
declined various properties such as thermal-resistance and non-sticky property were derived from a presence of
polyamide. According to these results, we selected the method of 1) that showed the highest effective improvement of
the elongational viscosity.

Chapter3  “Melt theology of modified-ETFE and its blends”

In frequency sweep measurements, storage modnfus (G*) and lass modulus {(G™) of conventional ETFE at the low
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frequency range approached slope of 2 and 1 as terminal relaxation, respectively. On other hand, G’ and G” curves at
the low frequency range of modified-ETFE by infroducing with a very small amount of divinyl monomer in the
polymerization process of linear-ETFE showed distinet increase in comparison with those of ETFE. With increasing
amount of divinyl monamet, the long relaxation time mode was highly generated. The elongational viscosity ng" of
linear-ETFE just show a smooth increase with time and almost independent of strain rates. #s" curves are in good
agreement with linear 34", The modified-BTFE swrprisingly shows a steep increase of 4", so called sirain hardening
al a certain sfrain even at lowest strain rate in spite of a very small amount of divityl monomer incorporation. This is
the first result of the enhanced elongational flow behavior of ETFE melts. According to the rheological analysis of
modified-ETFE as mentioned above suggested a presence of highly branched chain structure. In analysis of damping
function by step-strain stress relaxation measurements, the strain dependence is lower than that of linear-ETFE.
Although the stress-strain curves for each strain tates of modified ETFE were superposed on one eurve as similar to
the behavior of chemnically crosslinked rubber, Mooney-Rivlin plot of modified-ETFE did not show a straight line and
was very different from the behavior of chemically crosslinked rubber. The region of neo-Hookean was limited to
small deformation of 1/ %> 0.7, This can be speculated that a number of the entangle points was changed according to
the strain under elongatianal flow. In this thesis we researched linear-ETFE, modified-ETFE and these blends with
various ratio te control flowability and reduce material cost from the perspective of practical use.

Chapter 4 “Effect of modification of ETFE on film casting”

Using the blend of linear and modified-ETFE, we evalvated film-extrusion. We found the improvement of surface
properties and suppress of the shrinkage of film-width due to neck-in at exit of film die. This is assumed that an
increase of melt tension by the strain hardening contributed to the casting stability.

Chapter 5 “Effect of modification of ETFE on batch foaming”

We evaluated the batch foaming using blended-ETFE with various blend ratios by using CO; as a foaming agent.
We gained the foam having minimum cell size, and highest expansion ratio and cell number density for blended-ETFE
with 30wi% of modified-ETFE. In pure modified-ETFE with a strong strain hardening, average cell diameter slightty
increased. We consider that this is due to locally collapsed foam membrane and coalescent, resulting from cohesive
failure of the cell struts with very long relaxation time. Using this foam there are some various possibilities of
weight-saving and cost-teduction of approx. 88%, and also high functionalization.

Chapter 6 “Summary”

According to the results mentioned alveady in this thesis, we summarized our novel methodology to enhance the
melt theology and processability of ETFE. This thesis is the first to reveal the enhanced rheological behavior and
drastic change of the processability of ETFE. Ii can be expecied that ETFE is applied to new processing fields by our
method.
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