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Abstract

A numerical study on the evolution of spherulitic microstructures during crystallization of fiber-reinforced thermoplastic matrix,

poly-ether-ether-ketone (PEEK), in a composite tow-placement process is presented. A model for spherulitic microstructure growth

within a unit cell formed between adjacent fibers and at the interlayer surface is developed, by accounting for the spatial temperature

variation and the temperature history resulting from hot gas torch heating during the process, as discussed in a previous work

[Compos. Sci. Tech., in press]. Parametric studies are conducted to elucidate the effects of processing conditions, in terms of torch

incidence angle, h, torch exit diameter, D, torch distance to target, L, hot gas temperature, Tnoz, gas velocity, Unoz, line speed, V , and
number of layers in tow substrate, Nlayer, on the crystalline microstructures. The range of average spherulite size corresponding to

optimal processing conditions based on considerations of overall crystallinity is determined.

� 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Crystallinity development is an important, as well as

a most often studied, parameter governing the crystal-

lization behavior of thermoplastic materials. Apart from

the overall crystallinity, the crystalline morphology also

plays a vital role in determining the properties of ther-
moplastic and its composite materials. However, the

evolution of crystal morphology during the solidifica-

tion phase of fabrication processes has been little studied

in the literature, and it is the intent of this article to build

upon the thermal model presented in a previous work

[1], to investigate the crystalline morphology evolution

during highly nonisothermal processes of thermoplas-

tic–matrix composites, as exemplified by the tow-place-
ment process.
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As reviewed by Schultz [2], experiments have shown

that the change of spherulite size by adding small amount

of nucleating agents can greatly enhance ductility, yield

strength, and impact strength on isotactic-polystyrene

and isotactic-polypropylene. The polymer failure was

ascribed to either plastic intraspherulitic flow or inter-

spherulitic crack propagation on the spherulitic micro-
structure level. A critical spherulitic diameter exists above

which thematerial is brittle, and belowwhich thematerial

is ductile. In the ductile domain, further refinement of

spherulite size will lead to modest increase of modulus

and yield stress. It must be emphasized that it may not be

appropriate to lump these effects on the material prop-

erties, in terms of an overall degree of crystallinity while

ignoring the effects of morphology. It has been found that
measurements of mechanical properties were often sub-

ject to large variations for samples with comparable

crystallinity but different morphologies induced by dif-

ferent crystallization conditions. This behavior has been

observed in many thermoplastic materials from polyeth-

ylene (PE) [3] to poly-ether-ether-ketone (PEEK) [4].

mail to: pitchu@engr.uconn.edu

	Modeling of spherulitic crystallization in thermoplastic tow-placement process: spherulitic microstructure evolution
	Introduction
	Spherulitic microstructure simulation
	Results and discussion
	Parametric effects
	Effect of torch angle
	Effect of torch distance
	Effect of torch diameter
	Effect of hot gas temperature at torch exit
	Effect of torch exit velocity
	Effect of substrate thickness

	Processing windows

	Conclusions
	Acknowledgements
	References


