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In vitro degradation of poly(L-lactide)/poly(e-caprolactone) blend
reinforced with MWCNTs
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Abstract The physical and mechanical properties of

poly(L-lactide)/poly(e-caprolactone) (PLLA/PCL) blends

reinforced with multiwalled carbon nanotubes (MWCNTs)

before and after in vitro degradation were investigated.

Because of brittleness, PLLA needs to be plasticized by

PCL as a soft polymer. The MWCNTs are used to balance

the stiffness and the flexibility of PLLA/PCL blends. The

results showed that with incremental increase in concen-

tration of MWCNTs in composites, the agglomerate points

of MWCNTs were increased. The physical and mechanical

properties of prepared PLLA/PCL blends and MWCNT/

PLLA/PCL nanocomposites were characterized. The X-ray

diffraction analysis of the prepared blends and composites

showed that MWCNTs, as heterogeneous nucleation

points, increased the lamella size and therefore the crys-

tallinity of PLLA/PCL. The mechanical strength of blends

was decreased with incremental increase in PCL weight

ratio. The mechanical behavior of composites showed large

strain after yielding and high elastic strain characteristics.

The tensile tests results showed that the tensile modulus

and tensile strength are significantly increased with

increasing the concentration of MWCNTs in composites,

while, the elongation-at-break was decreased. The in vitro

degradation rate of polymer blends in phosphate buffer

solution (PBS) increased with higher weight ratio of PCL

in the blend. The in vitro degradation rate of nanocom-

posites in PBS increased about 65% when the concentra-

tion of MWCNTs increased up to 3% (by weight). The

results showed that the degradation kinetics of nanocom-

posites for scaffolds can be engineered by varying the

contents of MWCNTs.
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Introduction

The CNTs have generated a great deal of interest since

their discovery due to their unique physical and mechanical

properties. Much research has been focused on nanotubes

as fillers in polymer matrix composite materials with

enhanced mechanical, electrical, and thermal properties.

Most significantly, they are considered ideal candidates for

mechanical reinforcement of polymers. CNTs are known to

have an extremely high Young’s modulus of up to 1 TPa

(terapascal) and tensile strength approaching 60 GPa.

Identifying the optimal properties of the polymer nanotube

interface is considered the most pressing [1–3].

In recent years, there have been increasing demands for

the use of biodegradable polymers, specifically to minimize

polymer waste management caused by non-degradable

polymers. With this not so positive picture, biodegradable

polymers are gaining more and more attention because they

can be degraded in the environment by the action of nat-

urally occurring microorganisms. Biodegradable polymers

can be processed by traditional thermoplastic processing

methods, and composting is a sustainable option for their

M. Amirian � A. Nabipour Chakoli � W. Cai (&) � J. H. Sui

Department of Materials Physics and Chemistry,

School of Materials Science and Engineering,

Harbin Institute of Technology, Harbin 150001,

People’s Republic of China

e-mail: weicai@hit.edu.cn

A. Nabipour Chakoli

Materials Research School, NSTRI,

PO Box 14395-836, Karaj, Iran

Iran Polymer and
Petrochemical Institute

123

Iran Polym J (2012) 21:165–174

DOI 10.1007/s13726-012-0014-5

https://link.springer.com/article/10.1007/s13726-012-0014-5


