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INTRODUCTION

LABORATORY EQUIPMENT

carbon-epoxy

The molecular structure of thermoplastic polyurethane (TPU) consists of
linear block-copolymers made of sequences of flexible polyols, separated by
hard diisocyanate segments [1]. The hard segments act as the physical
crosslinks and account for TPU’s rubbery behavior and high elasticity. The
flexible regions of TPU possess the ability to form ordered structures
(crystals) under considerable strain, a phenomenon often referred to as
strain-induced crystallization. The molecular structure of TPU lends it strong
mechanical properties, and combined with good chemical stability, TPU is
an ideal coating material for application in automotive and aerospace
industries. This study describes a method for the synthesis of TPUs from
Morthane®. Mechanical characterizations and microscopic analysis of TPU
demonstrate the superior properties of TPU as a coating material.
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RESULTS AND DISCUSSION
1. Mechanical Testing Analysis
Without UV Radiation
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from the intensities of the peaks at 153, 172 and 63 ppm from the C spectrum.

EXPERIMENTAL METHODS
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1. Glass-transition temperature (Tg) of straininduced crystallites is higher than room
temperature. This controls the hysteresis and
considerable residual strain upon unloading.
2. Crystallites melt at temperatures higher than
their Tg. This leads to recovery of residual
strain and controls the shape memory of TPU
after heat treatment.
3. The resistance against UV radiation is
attributed to considerable mass fraction of
crystallites in TPU that do not effectively
contribute in hydrogen abstraction and
oxidative reactions caused by UV radiation.
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1. Measure 10g of Morthane® granules
using a paper weigh sheet and a digital
scale, and wrap the granules in
aluminum foil.
2. Place the wrapped granules in a
convection oven at 105°C for three
hours in order to remove residual
moisture from the granules.
3. Remove granules from oven and place
in a square glass container. Mix the
granules with 100g of tetrahydrofuran
solvent.
4. Place the container on a magnetic
stirrer and stir at a low speed until the
granules are fully dissolved. If
necessary, reposition glass container
so that stirring element reaches
farthest granules.

Strong adhesion to epoxy matrix and metals.

THERMODYNAMIC MODEL
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5. Coating Compatibility
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Dog-bone shaped sample
use for tensile testing

No appreciable change in tensile properties after 96 hors of radiation
Significant dissipation during cyclic loading
Residual strain at the end of unloading

2. Shape-Memory After Heat Treatment
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CONCLUSION
Covered beaker including granules of
Morthane® mixed with a polar solvent.
The mixture is slowly stirred atop a
heating pad. The mixture is subsequently
degassed in a vacuum oven.
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Once the granules have fully dissolved in the solution, place container
with the solution in a degasser for 3-4 days to extract air bubbles [2].
6. Once the container is removed from the degasser, a cutting die is used to
cut dog-bone samples to ASTM standards from the sheet of polyurethane
for subsequent testing.
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3. Scratch Resistance
sliding path (weight of slider: 10N)
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TESTING OVERVIEW

Complete recovery of residual strain after heat treatment

1. TPU is an ideal material for protective coating. It is highly deformable
and abrasion-resistant with ability for adhesion to epoxy matrices.
2. TPU provides protection against high intensity UV radiation.
3. TPU shows rubber-like behavior at large deformations with strong
hysteresis in cyclic deformations.
4. Hysteresis and shape-memory of TPU are caused by strain-induced
crystallization at large deformations and melting of crystallites at higher
temperatures.

No appreciable mass loss after abrasive sliding

4. Crack Propagation and Arrest

damage caused by ballistic impact

region with enhanced straininduced crystallization
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1. Tensile testing: Used to evaluate mechanical properties of TPU
specimens at large deformations.
2. UV Exposure: Used to record the effect of ultraviolet radiation on
mechanical properties of the specimens.
3. Abrasion test: Used to study how sustained friction affects the surface
of the samples.
4. Confocal Microscopy: Facilitates non-contact profile, roughness, and
film thickness measurements with nanometer-level resolution on any
material or shape.
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