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Melt Topology of Ethylene Copolymers Above Equilibrium Followed by SS NMR

Chen, X.;  Mamun, A. and Alamo, R.G. (FAMU-FSU College of Engineering, Chemical and Biomedical Engineering)
Introduction 
There is a range of temperatures above the equilibrium melting point where the molecules of ethylene copolymers are not fully randomized. Seeds remain at high temperatures due to crystallization memory and the effect is to enhance the crystallization kinetics on cooling from such heterogeneous melts.1 To test the nature of the seeds, for example, whether remains of nanometric crystals persist, if oriented chain segments remain with no three-dimensional order, or there is segregation of molten sequences that persist with no orientation, we have carried out SS 1H NMR experiments at different melt temperatures and contrasted the results with DSC findings.
Experimental 
The copolymer tested was an ethylene 1-butene with 2 mol% ethyl branches and Mw = 108,000 Dalton.

Melting and crystallization were followed by Differential Scanning Calorimetry using a TA Q2000 instrument at a rate of 10 °C/min. The crystallization temperatures were recorded from the peaks of the exotherms. Variable temperature solid state 1H NMR spectra were acquired on a Bruker DMX300 spectrometer operating at 300.2 MHz for 1H under static conditions using a house made probe with the rotor horizontal to the main field. The copolymer was sealed in glass tubes purchased from Bruker and especially designed to fit the 4 mm zirconium rotor used in the experiment. The temperatures tested ranged from 25 to 182 °C.
Results and Discussion


Fig 1(a) shows thermal data of the enhanced crystallization kinetics (higher Tc) cooling from melts (Tmelt) below 165°C. The open symbols are data approaching the melt from above. Fig 1(b) show the two T2H components of the relaxation from Hahn Echo experiments at the Tmelt indicated. There is a discontinuity of the temperature gradient at about the same temperature that correlates with the observed melt memory by thermal analysis. The low T2 H data at Tmelt < 100°C reflect that crystals are partially melted.
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Figure 1. (a) Peak crystallization temperature (Tcpeak) observed after cooling from different melt temperatures (Tmelt). The melt is approached from melting crystals (closed symbols) or from above (open symbols)  (b) Spin-spin relaxation times (T2H) at different temperatures for the same copolymer. 
Conclusions

Data from SS NMR rule out the presence of crystallites in self nucleated polymer melts. At the same melt temperature, the difference in T2 between self-nucleated and homogeneous melts is very low, again indicating the molten nature of the clusters that lead to self-nucleation.
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