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Abstract

Crystallization analysis fractionation (Crystaf) is a polymer characterization technique used
to estimate chemical composition distributions (CCDs), important chain microstructure of
semi-crystalline copolymers. The Crystaf profile can be transformed into a CCD using a
calibration curve that relates average comonomer content to peak crystallization
temperature. Currently, there is no universal Crystaf calibration curve and experimental
methods to construct Crystaf calibration curves are very tedious process.

In the present investigation, two approaches for simulating Crystaf calibration
curves via (1) Crystaf kinetics model and (2) an artificial neural network (ANN) model were
proposed. Both techniques were applied to systematically investigate the effects of chain
microstructures and Crystaf operating conditions on Crystaf calibration curves. We applied
the model to estimate the CCDs of three ethylene/1-hexene copolymers from Crystaf
profiles measured at different cooling rates and showed that our predictions agree well with
the CCDs described by Stockmayer’s distribution.

Crystaf kinetic model together with a Monte Carlo model were also developed to
describe theoretical Crystaf profiles for model linear olefin block copolymers (OBCs). OBCs
are novel polyolefin materials that have microstructures that are unique among polyolefins
and exhibit properties that are different from those of other polyolefin elastomers. Our
proposed method can be used as a tool to interpret Crystaf results of these interesting new
polyolefins and to relate them to OBC microstructures. Effects of polymerization parameters

on OBC microstructure and Crystaf profiles were also discussed.

Keywords: chemical composition distribution (CCD), crystallization analysis fractionation

(Crystaf), modeling, olefin block copolymers (OBCs), polyethylene
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Research Summary

Crystallization analysis fractionation (Crystaf) is a polymer characterization technique used
to estimate chemical composition distributions (CCDs) of semi-crystalline copolymers,
especially ethylene/1-olefin copolymers. This technique has been widely used in both
industry and academic during the last decade because it can be applied to efficiently probe
the complex chain microstructure of interests. This research project focused on this
important characterization technique to further improve accuracy and time required to
interpret results obtained from Crystaf technique.

This research project can be divided into three parts. Key summaries of each part
are provided below, while the detail literature review, methodology, and discussion of

results of each part are given in the reprints in the appendix of this report.

Part 1: Simulation of Crystaf Calibration Curves via Kinetic Crystaf Model

Crystallization analysis fractionation (Crystaf) is a polymer characterization technique used
to estimate chemical composition distributions (CCDs) of semi-crystalline copolymers. The
Crystaf profile can be transformed into a CCD using a calibration curve that relates average
comonomer content to peak crystallization temperature. The calibration curve depends on
copolymer molecular properties and Crystaf operation conditions. In this part, we applied a
crystallization kinetics model to simulate Crystaf calibration curves and to quantify how
Crystaf calibration curves depend on these factors. We applied the model to estimate the
CCDs of three ethylene/1-hexene copolymers from Crystaf profiles measured at different
cooling rates and showed that our predictions agree well with the CCDs described by
Stockmayer’s distribution. We have also used this new methodology to investigate the
effects of cooling rate, molecular weight, and comonomer type on Crystaf profiles and
calibration curves. More information about this part can be found in the following reprint in

the Appendix.



Anantawaraskul S., Somnukguande P., Soares J.B.P., Limtrakul J., Application of a

Crystallization Kinetic Model to Simulate the Effect of Operation Conditions on Crystaf

profiles and Calibration Curves, J. Polym. Sci Part B: Polym. Phys., 2009, 47:866-876

Part 2: Simulation of Crystaf Calibration Curves via Artificial Neural Network

In this part, an artificial neural network (ANN) with a 4-3-3-1 architecture was developed to
estimate average comonomer content of ethylene/1-olefin copolymers from crystallization
analysis fractionation (Crystaf) results. The ANN was trained with a back propagation
algorithm. It was found that average comonomer contents predicted from ANN agree well
with experimental results for both training and testing data sets. The developed ANN was
also used to systematically investigate the effects of chain microstructures and Crystaf
operating conditions on Crystaf calibration curves. More information about this part can be

found in the following reprint in the Appendix.

Anantawaraskul S., Chokputtanawuttilerd N., Estimation of Average Comonomer Content of

Ethylene/1-Olefin Copolymers using Crystallization Analysis Fractionation (Crystaf) and

Artificial Neural Network (ANN), Macromol. Symp., In press

Part 3: Simulation of Crystaf Profile of Linear Olefin Block Copolymers

Linear olefin block copolymers (OBCs) have microstructures that are unique among
polyolefins and exhibit properties that are different from those of other polyolefin elastomers.
Characterizing their chain microstructures is a challenging task, as conventional
characterization techniques cannot probe directly block length distribution or composition. In
this part, we used a Monte Carlo model to predict the microstructure details of OBCs and a
modified version of the Crystaf model previously developed in our groups to describe
theoretical Crystaf profiles for model OBCs. This model can be used as a tool to interpret
Crystaf results of these interesting new polyolefins and to relate them to OBC

microstructures. Effects of polymerization parameters on OBC microstructure and Crystaf



profiles were also discussed. More information about this part can be found in the following

reprint in the Appendix.

Anantawaraskul S., Somnukguande P., Soares J.B.P., Simulation of Crystallization Analysis

Fractionation (Crystaf) of Linear Olefin Block Copolymers, Macromol. Symp., In press
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