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Abstract The bio-based shape memory hyperbranched

polyurethanes (HBPUs) have attracted tremendous atten-

tion both from academic and industrial researchers due to

their strong potential in biomedical and other advanced

applications. In the present investigation HBPUs have been

synthesized from poly(e-caprolactone)diol as a macrogly-

col, butanediol as a chain extender, triethanolamine as a

branch generating moiety, monoglyceride of Mesua ferrea

L. seed oil as a bio-based chain extender, at different

percentages and toluene diisocyanate by a two step one pot

A2 ? B3 approach. The structure of the synthesized

hyperbranched polyurethane was characterized by FTIR,
IH NMR, XRD and SEM studies. 1H NMR study indicates

the formation of highly branched structure with degree of

branching 0.93 for polyurethane with 5 wt% monoglyceride.

TGA results indicated the increment of thermal stability from

185 to 240 �C with the increase of monoglyceride content

from (0–15) wt% for the HBPUs. The shape memory effect of

the hyperbranched polyurethane increased with the increase

of monoglyceride in the polymer. However, mechanical

properties like tensile strength and elongation at break

decreased from 19.31 to 11.48 MPa and 835 to 497%,

respectively, with the increase in amount of bio-based com-

ponent. Excellent impact strength and very good chemical

resistance were also observed for the hyperbranched poly-

mers. The studied bio-based HBPUs exhibit excellent shape

fixity (95–99)% as well as shape recovery 100%. Thus, the

studied HBPUs have the potential to be used as advanced

shape memory materials.
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Introduction

Polyurethane, a useful polymeric material, has diverse

applications in different fields such as coating, adhesive,

leather, composite, elastomer, biomedical, etc. [1, 2]. The

incompatibility of the hard and soft segments and sub-

sequent phase segregation into separate domain can

enhance desirable properties of polyurethane [3]. The

properties of the polyurethane can be observed by the

judicious variation of chemical constituents as well as

composition of soft and hard segments. A large number of

reports are in the literature on the effects of the structure of

the hard and soft segments on the physical, thermal and

chemical properties of these polymers [4, 5].

Recently, vegetable oils have drawn great attention

because of their advantages like sustainability, easy avail-

ability, versatility in structure and properties, biodegrad-

ability, environmentally friendly and overall low cost [6,

7]. The high price of the petroleum raw materials, turn

down of the petroleum reserves, and stringent environment

rules and regulations have promoted the utilization of

natural renewable resources as the feedstock for the

development of many industrially important polymers.

Mesua ferrea L. seed oil is one of the most important

renewable resources for the production of many useful

industrial polymers and is extracted from the seeds of its

plant [8]. This oil possesses mainly triglycerides of oleic

H. Kalita � N. Karak (&)

Advanced Polymer and Nanomaterial Laboratory,

Department of Chemical Sciences, Tezpur University,

Tezpur 784028, Assam, India

e-mail: karakniranjan@yahoo.com

Iran Polymer and
Petrochemical Institute

123

Iran Polym J (2012) 21:263–271

DOI 10.1007/s13726-012-0025-2

https://link.springer.com/article/10.1007/s13726-012-0025-2


