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Thermoplastic polyurethanes (TPU) are multi-block copolymers consisiting of hard
and soft segments. The hard segment is composed of urethane chains formed diisocyanate
and chain extender, while the soft segment consists of the polyol as such polyether,
polyester and polycarbonate glycol. The primary mechanisms of bonding in reactive TPU is
through reactive isocyanate (-NCO) and polar groups (-NH and -C=0), that are capable of
forming strong chemical and physical interactions with the surfaces having active hydrogen.
TPUs are primarily used for coatings, adhesives, sealants and blending with other polymers
etc. They are well known for the abrasion resistance, flexibility and high cohesive strength.
The studies were mainly on two high performance polymers: polyamide 6 (PA6) and
poly(lactic acid) (PLA).

Polyamide fibers (PA6) are used for wide variety of applications. They include
textiles, engineering applications and marine applications. The properties that account for
the popularity of PA 6 are its high crystalline melting point, good resistance to
hydrocarbons, high strength and the ease of fabrication and processing. PA6 fibers degrade
with UV radiation due to weathering and are hydrophilic in nature that reduces its strength
drastically. Poly (lactic acid) (PLA) is well known as a biodegradable polymer, which can
be produced from renewable resources like corn and sugarcane. It has good
biocompatibility, biodegradability and environmentally friendly character. However, PLA
is a relatively brittle material, and difficult for film-blowing or extrusion. So studies
were conducted to make it more flexible for practical applications by blending. Thus the
study was divided into two parts

(1) The development of high performance PA6 fibers with TPU coating.
(i1)) The development of high performance PLA films with blends of polyols and PUs.

Chapter 1 discusses about the general introduction of PA6 fibers and PLA along the plan of
the study conducted.

Chapter 2 discusses about TPU coated PA6 fibers by the reactive coating method. In
reactive coating method TPU coating was done by the direct dipping of PA6 fibers into the
TPU adduct. The used TPU adducts were prepared from polyether, polyester and
polycarbonate diols, various diisocyanates and 1,4-butane diol. The effects of molecular
weight of polyol, type of polyol and formulation on the performance of PA6 fibers were
analyzed in detail. It was found that TPU coating neither sacrificed appearance nor the
flexibility of the PA6 fibers but significantly improved the mechanical properties. The
mechanical properties of PA6 fibers improved with the TPU coating irrespective of the type
of polyol, molecular weight of the polyol and the type of diisocyanate used. The changes in
PA6 coated with a TPU thin film were the transformation of amorphous phase to the o-
crystalline phase, the formation of an interfacial interaction region and the occurrence of
interface stiffening along with micro-cracks when the fibers were under mechanical tension.




In Chapter 3 the solution coating method was used for the preparation of TPU coated
PAG6 fibers. In this method, the bulk TPU were dissolved in a solvent (DMF) and the PA6
fibers were dipped into it for the coating. TPUs based on polyether, polyester and
polycarbonate diols were used for the study. It was found that the TPU coating improved the
mechanical properties without changing the appearance or the flexibility of PA6 fibers. The
significant feature of TPU coated PA6 fibers were the transformation from the amorphous
phase to a-crystalline phase, the formation of an interfacial interaction region and the
occurrence of interface stiffening along with micro-cracks when the fibers were under
mechanical tension.

Chapter 4 deals with the outdoor performance analysis of TPU coated PA6 fibers,
which were analyzed by the wear and weathering tests. The wear behavior was conducted
using an indigenously designed sliding wear tester. For weathering studies, PA6 fibers were
exposed in a weatherometer. The morphology, thermal stability and the mechanical
properties of the TPU coated PA6 fibers were analyzed after the tests. Wear and weathering
studies confirmed that the TPU coated PA6 fibers had resistance towards both. The TPU
coating protected the PA6 fiber from the wear and degradation by UV light due to
weathering. Polycarbonate (PCG) based TPU coated PA6 fibers showed the best
performance among all the types of TPU coated PA6 fibers with high sliding wear and
weathering resistances.

Chapter 5 discusses the effect of polyols on crystallization, chain mobility,
microstructure and tensile properties of the PLA/ polyol blend films prepared by the
solution blending. The PLA/polyol film with 90/10 blend ratio showed the maximum
improvement in the mechanical property. The size of the spherulites varied with the
various types of polyols. In the case of PLA-PCG and PLA-PPG, the polyol interacted with
the interlamellar and intralamellar regions forming smaller homogenous spherulites in the
PLA amorphous matrix. In the case of PLA-PTMG, PLA-PEA and PLA-PCL, the polyol
interacted with the interlamellar regions of PLA leading to large inhomogenous spherulites
in the PLA amorphous matrix. The dispersion of polyol in PLA affected the lamellar
arrangement and hence the spherulite formation. Also, the flexibility of the PLA/polyol
films blends was much better than the PLA alone. Thermal properties showed a phase
separation between the blend polyol and PLA. The polyol had interacted well with the
amorphous matrix as well as the crystalline lamellar plane of PLA leading to good
compatibility, ductility and flexibility.

Chapter 6 deals with the properties of the PLA/PU blends films prepared by the
solution blending. The PLA/PU blend with 90/10 ratio showed the best mechanical
property. The size of the spherulites decreased with the PU blending. The PLA/PU blend
films showed improvement in mechanical property when compared with the PLA alone. In
the case of PLA/PU blends, the PU chain interacted with the interlamellar regions of PLA
leading to large inhomogenous spherulites in the PLA amorphous matrix. There was no
evidence of intralamellar interactions of PLA with PU as the thermal properties showed no
phase separation between the two. The dispersion of PU in PLA affected the lamellar
arrangement and thus the spherulite formation. Also, the flexibility of the PLA/PU blend
films improved drastically and showed good compatibility between the PLA and PU.

Chapter 7 deals with the total summary and conclusion.
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