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Figure 1 Schematic of the basic types of ionomers
(a) monochelic, (b) telechelic, (¢) block, (d) random, (e) regularly-spaced, (f) comb and (g) graft ionomers,

where _~ is a polymer chain, O an ionic group, and @ a counterion
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Figure 2 Schematic of the Yarusso and Cooper’s modified hard-sphere model”! for morphological description of ionomers,
where _~ represents an ionomer chain-segment, € a hard sphere (comprising an ionic-aggregate spherical core and an

ionic-material shell), O an ionic group, and @ a counterion: Hard-spheres 1 and 2 are externally tangent (i.e. , at an
extreme of the closest approach) ; the radial distribution of electron density across Hard-sphere 3 is illustrated in the p(r)-r
coordinate system below it, where R; and p; » respectively, are the radius and electron density of the ionic-aggregate spherical core,

R.. the outer diameter of the (ionic-material) shell, and g, the electron density of the shell as well as of the ionomer matrix
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Figure 3 Schematic representation of the multiplet-cluster model (i. e. , EHM modeD"* for morphological
description of ionomers: (1) an ionomer chain-segment; (2) an isolated ion-pair ( O an ionic group and @ a counterion) ;
(3) an ionic-aggregate (spherical core); (4) an ionic-material shell (of the Yarusso and Cooper’s modified
hard-sphere model; (5) a region (shell) of restricted chain-mobility (surrounding an ionic-aggregate) ;

(6) (shaded area) a cluster (of ionic aggregates)
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Advances in Study of Ionic-aggregate Morphology of Ionomers

HU Zhen"*?, HU Tao"*?*, MA Nian’, YANG Ye-hua’, GONG Xing-hou'*?, WU Chong-gang'**"
(1. Hubei Provincial Key Laboratory of Green Materials for Light Industry, Hubei University of
Technology, Wuhan 430068, China; 2. Collaborative Innovation Center of Green Light-weight
Materials and Processing , Hubei University of Technology, Wuhan 430068, China;

3. School of Materials Science and Engineering ., Hubei University of Technology, Wuhan 430068, China)

Abstract: In this article, effects of ion content, counterion, ionic group, short-range chain-structure (flexibility,
permittivity, group steric-hindrance, branching, covalent cross-linking, etc.) of the matrix polymer, degree of
neutralization, ionic-group distribution along the backbone chain, ambient conditions (temperature, solvent, water, etc. ),
and preparation history (melt pressing, solution casting, re-precipitation, high-temperature annealing, etc.) on the ion-
aggregation morphology (fraction of aggregated ionic-groups, shape, size, aggregation number, number density,
distribution-in-matrix and internal coordination structure of ionic aggregates) have systematically been reviewed for
ionomers. On the basis of this, it has been pointed out that four basic issues on ion-aggregation morphology are urgent to be
resolved, i. e. , whether there exists an ordered arrangement of atoms inside the ionic aggregates, origin of the low-
temperature differential scanning calorimetry (DSC) endothermic peak of ionomers, disadvantages of the currently-held ion-
hopping theory, and effect of molecular weight, an important index to long-range chain-structure of the matrix polymer., on
the ionic-aggregate morphology. Particularly, it has been suggested that, to extend and perfect the ion-hopping theory, we
accommodate two morphological factors, ionic-aggregate aggregation number (i. e. , extent of chain-segment close packing
in the coronas of ionic aggregates) and number density (i. e. , ionic cross-linking density), in addition to the pre-existing
structural factor, strength of ionic interactions, thereby to reasonably explain or predict the structure-property relationships
of ionomers.

Key words: Ionomer; lonic aggregate; Morphology; Aggregation number; Number density
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