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CRYSTALLISATION OF CRYSTALLIZABLE AND AMORPHOUS POLYMER
MIXTURES AND PECULIARITIES OF THEIR STRUCTURE: AN NMR STUDY

A.V. Fiuepov, V.S. SuirNov, AND M.M. DoOROGINIZKIJ

Department of Molecular Physics, Kazan State University, Kremlevskaya 18, Kazan, Russia

After isothermal crystallization of the crystallizable poly(ethylene oxide)/amorphous poly(propylene oxide)
mixture, partially crystalline structures were formed. They present a specific heterogeneous medium with a hard
frame composed of the crystal phase. The isothermal crystallization of the mixture and molecular self-diffusion
processes in the amorphous phase of the crystallized mixture was studied by nuclear magnetic resonance
relaxation and nuclear magnetic resonance (NMR) with pulsed field gradient. The temporal dependencies of the
apparent self-diffusion coefficient were analyzed and the heterogeneity sizes were estimated. The dependence of
the heterogeneity size on the crystallization temperature can be qualitatively described by parametd; which
includes the linear growth rate of the crystal and diffusion coefficient of the amorphous (more mobile)
component. © 1998 Elsevier Science Inc.
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INTRODUCTION ficient of the amorphous (more mobile) component and
is the linear growth rate. It is the purpose of this work to

Some of the partially crystalline polymers can be de- test this conception.
scribed as heterogeneous media with restricted transla- The samples studied were mixtures of crystallizable
tion motion of the molecules in the amorphous phase. poly(ethylene oxide) with M= 20000, M,/M,, = 1.1
Thus a new aspect of the study of heterogeneous media(“Shuchardt”) and noncrystallizable poly(propylene ox-
appears. Usually, during discussion of the molecular ide) with M = 425 (“Ferak-Berlin”). The method of
diffusion in porous media of natural origin (formed un- studying crystallization kinetics by nuclear magnetic res-
der sedimentation or crystallization), assumptions about onance (NMR) relaxation was described earfiéThe
the influence of the external conditions on the formed analysis, based on the kinetic thedf polymer crys-
structure are made. However, the experimental verifica- tallization, shows that the crystallization regime, surface
tion of these assumptions is rather complicated. In the free energies of the crystallites and mechanism of poly-
course of the investigation of crystallization in partially mer chain folding remain unchanged for all crystalliza-
crystalline polymer mixtures we have a unique chance to tion temperatures and compositions. The linear growth
estimate the influence of the external conditions on the rate was estimated as= (v°)'3, wherev® is the rate of
formed structure. the overall crystallization.

An influence of the crystallization rate and mobility of The pulsed field gradient experiment was performed
the components on the partially crystalline polymer mor- using NMR apparatus with a maximum value for the
phology were described in the works of Keith and Pad- field gradient amplitude of 50 T/m. The paramedeis
derf on the basis of a model of the growth of dendrite- given by 8 = Dppo/a, Where Dppo is the poly(pro-
type structures. The characteristic parameter of the pylene oxide) self-diffusion coefficient in the melt of the
structure isd = D_/a, whereD, is the diffusion coef- mixture.
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Fig. 1. Plot of theD,,, againstt, for the mixture with 90%  Fig. 3. Plots of size of heterogenetieR, and parameted
poly(ethylene oxide) crystallized at different temperatures. The against the crystallization temperature for the mixture contain-
temperature of observation is 35°C. ing 90% of poly(ethylene oxide).

RESULTS AND DISCUSSION whereD; is equal toD,,, at sufficiently largety, where

The typica| dependencies of the apparent self-diffu- it is time independent. The result of the treatment we can
sion coefficient in double logarithmic coordinates for the see in Fig. 2.
crystallized mixture are presented in Fig. 1. The shape of ~ The dependencies presented in Fig. 2 are character-
the curves is typical for systems with restriction mobility. ized by a slope-1, as in the case of a closed pore, when
The data analysis was made by the method proposedmolecular displacement exceed the pore siZ@; £ty
by Skirda et af They supposed that the experimental >> R®. From the relatioiR® ~ 6D, iy We can estimate
curve D, (t,) is composed of the curves for the inter- the size of the heterogeneitiés .
porous diffusion with some liquid completely restricted [N Fig. 3 the dependencies & and s on crystalliza-
in pores, some liquid percolating through the system and tion temperature are presented at constant composition.
external free liquid. We observe a similar behavior f&rands. So, the Keith
A transformation that removes contributions of the and Padden conception gives the qualitative description
external and perco|ating components of components of of the influence of the crystallization kinetics on the
the time_dependent diffusion and reveals the time_depen_structure formed in the mixture containing crystalline

dent sector in the range of smallis: and amorphous polymers.
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