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Abstract

Shape memory polymers (SMP) particularly shape memory polyurethane (SMPU) have gained a
lot of research interest as shape changing materials due to their ability to memorize their permanent
shape as well as their synthetic flexibility. The SMPs have shown promising applications in
wrinkle-resistant clothing, smart fashion, compression stockings, sportswear, self-healing textiles,
smart actuation, and patterning. However, due to its high transition temperature and low adherence
to the textile substrate, its performance is limited in the textile industry. In the past, many
researchers have worked in this direction but achieved either physical interaction or limited
crosslinking with the aid of external crosslinkers such as Dimethylol dihydroxyethyleneurea
(DMDHEU), which is inadequate for reducing residual stresses inside fibers of the cotton fabric.
Therefore, to achieve optimum shape memory effect on the textile fabric, there is a need for an
efficient transfer of polymer onto the surface via physical crosslinking. Although numerous textile
integration methods exist in the literature but attained only the physical linking of SMPU with the
textile substrate. Many researchers have adopted the coating and finishing technique for chemical
linking of SMPU and fabric, but the process parameters optimization for coating the SMPU on the
fabric has received minimal scientific attention. None of the research reports the minimum addon
of SMPU to achieve excellent shape memory performance and retained mechanical and comfort
properties of the fabric. Moreover, since the textile is always in contact with the skin’s upper
surface, the study demands SMP with low transition temperature, which could trigger high shape

recovery at ambient temperature.

Henceforth, the present research aims to synthesize a novel polyethylenimine based shape memory

polyurethane (PEI-SMPU) by a conventional two-step solution polymerization process with a



condensation mechanism. The chain extender was varied from 1,4 butanediol (BDO) to
polyethyleneimine (PEI) in the last step to obtain SMPU with body temperature tuned transition
temperature. The SMPU exhibits active functional groups which could interact with the cotton
fabric, targeting increased adhesion, better washability, abrasion resistance, and crease recovery
properties. Dip coating is employed as the coating method to prepare SMPU coated fabric using
BDO-SMPU and PEI-SMPU, which is thoroughly characterized by its mechanical, thermal,
morphological, comfort, shape memory properties, long-term durability and washability. The
focus is on improving the interfacial adhesion/ interaction between the SMPU and cotton fibre,
which is achieved by modifying the shape memory polyurethane and optimizing the dip coating
parameters. The findings of the current research indicate poor shape memory behavior of BDO-
SMPU/Cotton due to low adherence and high transition temperature of SMPU. On the contrary,
PEI-SMPU with a low transition temperature (19-25 °C) exhibits 100 % shape recovery, which is
also reflected in their coated fabric samples achieving 90 % shape recovery. Therefore, this
research will help to further gain insights into the shape memory properties of different textile
materials utilizing different forms of SMPU for their applications in smart breathable and

responsive garments, wrinkle free apparels, soft robotics, actuators, etc.

Vi
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1,4 Butanediol based shape memory polyurethane
Polyethylenimine based shape memory polyurethane
1,4 Butanediol based shape memory polyurethane
coated cotton

Polyethylenimine based shape memory polyurethane
coated cotton

Water vapour transmission rate

Crease recovery angle

MDEA

PEO

PEI

TMP

PTMEG

BTCA

APTES

PBA

CNT

DMDHEU

PLA

BDO-SMPU

PEI-SMPU

BDO-SMPU/Cotton

PEI-SMPU/Cotton

WVTR

CRA
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