
Accepted Manuscript

Rheological behavior and structure development in thermoplastic polyurethanes

under uniaxial extensional flow

Jorge Silva, Ricardo Andrade, Rongzhi Huang, Jia Liu, Mark Cox, João M. Maia

PII: S0377-0257(14)00155-4

DOI: http://dx.doi.org/10.1016/j.jnnfm.2014.09.005

Reference: JNNFM 3580

To appear in: Journal of Non-Newtonian Fluid Mechanics

Received Date: 6 May 2014

Revised Date: 9 September 2014

Accepted Date: 11 September 2014

Please cite this article as: J. Silva, R. Andrade, R. Huang, J. Liu, M. Cox, J.M. Maia, Rheological behavior and

structure development in thermoplastic polyurethanes under uniaxial extensional flow, Journal of Non-Newtonian

Fluid Mechanics (2014), doi: http://dx.doi.org/10.1016/j.jnnfm.2014.09.005

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers

we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and

review of the resulting proof before it is published in its final form. Please note that during the production process

errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

http://dx.doi.org/10.1016/j.jnnfm.2014.09.005
http://dx.doi.org/http://dx.doi.org/10.1016/j.jnnfm.2014.09.005


  

Rheological behavior and structure development in 
thermoplastic polyurethanes under uniaxial 

extensional flow 

Jorge Silvaa, Ricardo Andradea, Rongzhi Huanga, Jia Liua, Mark Coxb, and João M. Maiaa,* 

 

aDepartment of Macromolecular Science and Engineering, Case Western Reserve University, Cleveland, OH 
44106-7202, USA  

bLubrizol Advanced Materials, Inc., 9911 Brecksville Road, Cleveland, OH, 44141-3247, USA 

 

* Corresponding author – E-mail: joao.maia@case.edu; Telephone: +12163686372; Fax: +12163684202 

 
ABSTRACT 
In this work, the rheological and structural changes induced by uniaxial extensional flows 
are studied for two aromatic TPUs: an elastomeric (soft) material composed both of hard 
and soft segments and an amorphous glass (hard) one composed almost exclusively by 
hard segments. The uniaxial extensional viscosity was measured on a Sentmanat fixture 
(SER) at single temperature of 175°C, showing that at high strain rates both materials 
initially strain-soften before eventually strain-hardening at higher Hencky strains. This 
effect is smoother and occurs at lower strain rates for the soft TPU. Optical microscopy, 
atomic force microscopy and X-ray scattering show this behavior to be related with 
structural changes induced by the flow. Strain-softening is attributed to the orientation of 
hard domains in the flow direction. In the soft TPU strain-hardening is caused by the 
stretching of entangled soft segments but in the hard one it appears to be associated with 
microcracks and with the development of a hitherto unreported hierarchical structure in 
the molten material. 
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1. Introduction 
Thermoplastic polyurethanes (TPUs) are multi-block copolymers usually consisting of 

hard and soft segments. The hard segments (HSs), which are composed of diisocyanate 
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