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Chapter 1:  Introduction
In recent years, advances have been made in the production of

poly(propylene glycol) (PPG), resulting in polymeric diols, or polyols, with

substantially improved difunctionality and narrower molecular weight distribution.

Poly(propylene glycol) thus produced is denoted as being ultra-low monol

content PPG.  This enhancement of difunctionality has generated an opportunity

for use of these PPG diols in performance elastomer applications for the first

time.  It was hypothesized that use of these ultra-low monol content PPG diols as

soft segments in poly(urethane-urea) (PUU) synthesis would result in elastomers

with morphologies and performance properties similar to PUUs using

poly(tetramethylene ether glycol).  Preliminary results led to the further

hypothesis that low molecular weight components of the polyol molecular weight

distribution contribute significantly to the hard phase, as well as to the soft phase.

This document recounts the investigation of these hypotheses using

poly(urethane-urea)s elastomers fabricated with ultra-low monol content PPG

diols as soft segment components.  Both solution cast elastomeric films and

spandex fibers were studied in the course of this investigation.

Poly(urethane)s and poly(urethane-urea)s are unique in that they are the

only class of  polymers that may be formulated to have the material properties

covering the entire range of engineering polymers and elastomers.  The two key

chemical variables which will influence the performance properties of a

poly(urethane) (PU) or poly(urethane-urea) are the nature of the soft and hard

segments.  The compositional variables associated with the hard and soft

segments enable the fine-tuning of the performance characteristics of the PU or



2

PUU.  These variables include:  chemical composition, molecular weight and

molecular weight distribution, functionality of the reagents use to form the

segments, and crystallizability.  The morphology, thermal, mechanical, and

orientation properties of the PUU elastomers were investigated as a function of

these variables, which will be discussed more fully in the literature review and in

the chapters detailing the experimental results.

A review of literature relevant to this project is presented in the second

chapter and includes background for ultra-low monol content PPG,

poly(urethane) and poly(urethane-urea) elastomers, spandex, and the

experimental techniques utilized in this work.  The third chapter discusses the

fabrication of the materials investigated, the nomenclature for those materials,

and the experimental procedures used.  Chapters four through eight present

experimental results obtained during this work.  Chapters four, five, and six

presents work that has been shown at conferences and submitted for publication

to refereed journals.   These chapters are taken from those manuscripts, with

redundant portions of the experimental procedure and nomenclature sections

omitted for brevity.  Chapter four presents studies of the influence of soft

segment molecular weight and hard segment content.  Chapter five presents

studies of the influence of soft segment molecular weight distribution, particularly,

the role of low molecular weight species.  Chapter six presents studies of

systems with mixed soft segments of PPG and poly(tetramethylene ether glycol)

(PTMEG), as well as further insights into the role of low molecular components of

the polyol molecular weight distribution.  Chapter seven presents investigations
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of the orientation characteristics of PPG-based elastomer films due to

deformation.  Chapter eight presents a comparison of spandex fibers to

elastomer films of comparable composition.  Chapter nine contains a summary of

key points and conclusions as well as recommendations for further studies.

It will be useful to briefly clarify some terminology before moving on.  The

term polyol refers to a polymeric diol, and though not being entirely descriptively

accurate, is used extensively in the marketing of such materials.  Conventional

PPG and PPG polyols refers to a PPG polyol produced via a base catalyzed

reaction, while references to PPG and PPG polyols will refer to ultra-low monol

content PPG polyols.  This project was initially funded by ARCO Chemical, which

developed the ultra-low monol content PPG polyols used in these studies.

ARCO Chemical was subsequently bought by Lyondell Chemical, which later

sold the polyols unit to Bayer.  The PPG polyols used in this work will be referred

to by their Bayer designations.  Table 1-1 presents the common names and

acronyms for the various reagents used in this work.
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Table 1-1.  Alternate names for the polymers and reagents used in this
study.

Poly(tetra methylene ether glycol)
Name of polymer Acronym for polymer

poly(tetra methylene ether glycol) PTMEG
poly(tetra methylene oxide) PTMO

poly(tetra hydrofuran) PTHF

Poly(propylene glycol)
Name of polymer Acronym for polymer

poly(propylene glycol) PPG
poly(propylene oxide) PPO

poly(oxypropylene) POP

4,4-methyl di(phenyl isocyanate)
4,4-methyl bis(phenyl isocyanate) MDI

1,2 diaminopropane
1,2 propane diamine
propylene diamine

PDA

ethylenediamine
1,2 ethanediamine
1,2 diamino ethane

EDA
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