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A series of thermoplastic polyurethane elastomers
based on polycarbonate diol, 4,4’ -diphenylmethane di-
isocyanate and 1,4-butanediol was synthesized in bulk
by two-step polymerization varying polycarbonate diol
soft segment molecular weight and chemical structure,
and also hard segment content, and their effects on
the thermal and mechanical properties were investi-
gated. Dynamic mechanical analysis termogravimetric
analysis, differential scanning calorimetry, Fourier
transform infrared-attenuated total reflection spectros-
copy and mechanical tests were employed to charac-
terize the polyurethanes. Thermal and mechanical
properties are discussed from the viewpoint of micro-
phase domain separation of hard and soft segments.
On one hand, an increase in soft segment length, and
on the other hand an increase in the hard segment
content, i.e., hard segment molecular weight, was
accompanied by an increase in the microphase separa-
tion degree, hard domain order and crystallinity, and
stiffness. In phase separated systems more developed
reinforcing hard domain structure is observed. These
hard segment structures, in addition to the elastic na-
ture of soft segment, provide enough physical cross-
link sites to have elastomeric behavior. POLYM. ENG.
SCI., 48:297-306, 2008. © 2007 Society of Plastics Engineers

INTRODUCTION

Thermoplastic polyurethane elastomers are versatile
materials that behave as cross-linked elastomers at room
temperature but, unlike conventional elastomers, they can
be processed, shaped, and formed upon heating via
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numerous industrial processes [1, 2]. Polyurethane elasto-
mers are linear segmented copolymers consisting of a rel-
atively flexible component derived from a macrodiol,
called the soft segment, and a relatively hard and stiff
component derived from a diisocyanate and a chain ex-
tender, called the hard segment. Thermodynamic incom-
patibility of the so-called soft and hard segments leads to
microphase separation, which is reflected in a rubber-like
matrix containing hard microdomains. The domain struc-
ture formed by microscopic phase separation presents
similar elastomeric properties to those shown for cross-
linked rubber networks. The mechanical strength of this
structure can be attributed to hard microdomains physi-
cally cross-linked through hydrogen bonding and disper-
sion forces, which act as filler-like reinforcement for the
soft segment. At higher temperatures, a homogeneous
melt can be formed, allowing the material to be thermally
processed.

Polyurethanes are characterized by a complex morphol-
ogy dependent upon the precise nature of the hard and soft
segments, and their composition. In general, microphase
separation is not complete [3—11]. That is, the coexisting
microphases are not pure, but consist of mixed hard and
soft segment units. The presence of intersegmental mixing
within the microphases affects both morphology and me-
chanical properties of the materials. The inclusion of hard
segments within the soft microphase, for example, can
cause appreciable elevation of the soft microphase glass
transition temperature, which will limit the applicability of
the material as a low-temperature elastomer. The inclusion
of soft segments within the hard microphase, on the other
hand, decreases the hard microphase glass transition tem-
perature. In the absence of appreciable hard segment crys-
tallinity, the latter effect would generally depress the heat
distortion temperature [8].

A correct design of the molecular structure becomes
crucial as it provides the mechanical properties that meet
customers’ needs. The structure and weight fraction, mo-
lecular weight, polydispersity of hard and soft segments,
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